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Preface

There is only one good, knowledge, and one evil, ignorance.
—Socrates

Knowledge is power.
—Sir Francis Bacon, Meditationes Sacrae, De Haeresibus

Everything should be made as simple as possible, but not simpler.
—Albert Einstein

The application of biomarkers has revolutionized the practice of cardiology,
allowing more facile and accurate diagnoses. Increasingly sensitive assays and
utilization of markers in combination have furthered the file in the last decade,
but with this increased sophistication has also come increased frustration on
the part of some clinicians. Some feel that low levels of troponins, for example,
that do not appear to correlate with anatomic data obtained during cardiac
catheterization, for example, represent “trash’’ troponin results. This point of
view is indicative of the frustrations that many clinicians find in attempting
to properly interpret biomarker values. It is necessary to properly understand
these assays and how they intercalate with other diagnostic modalities to prop-
erly facilitate patient care. Although clinicians would prefer easy answers, the
reality is that biomarker values are only as good as those interpreting them
in the context of the clinical situation. Elevations can be associated with acute
disease or more chronic abnormalities and there are substantial issues with
how the markers are measured and differences related to patient presentation
and underlying demographics that often can explain elevations or their lack.
The idea of not chasing biomarker abnormalities when we know they most
often have prognostic implications is unwise. The real question is how to do
these evaluations in the best way so we can provide the appropriate care for
our patients and not waste our valuable time and resources inappropriately.
Thus, perhaps the term “the smart chasing of biomarker abnormalities’’ might
be considered.

In thinking about how we might best help with this, we decided that devel-
oping a book of cases that would represent real world patient problems with
potential explanations for values of troponins, natriuretic peptides, and other
analytes might be a helpful adjunct to clinicians who are often busy and find
it difficult to stay up with all the details of the literature. The cases by a highly
distinguished group of clinician investigators are presented as an attempt to
provide a roadmap with which to consider the various clinical presentations
in which BNP and troponin may be useful. Obviously, every nuance cannot be

ix
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x Preface

covered. On the other hand, if we can provide guidance and help only a small
percentage of clinicians who use the book to learn how best to treat patients,
we believe we will have made a contribution.

We would like to know if this approach is useful. Therefore, we would very
much appreciate your feedback and cases from those of you who are interested
so that when and if we redo this book, it will become even more helpful to those
of you who smartly chase these biomarker abnormalities. In the long run, it is
our goal to help translate the science of our field into practical patient care.

Jesse Adams, MD, FACC
Fred Apple, PhD

Allan Jaffe, MD, FACC
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PART 1

Cardiac troponins
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CHAPTER 1

Basics of cardiac troponin: practical
aspects of assays, potential analytical
confounders, and clinical interpretation

Fred S. Apple

Case 1

Following an episode of shortness of breath and fainting, a 79-year-old woman
is driven to the emergency department by her family. She has a history of
rheumatoid arthritis and coronary artery disease, with limited physical activ-
ity. Her initial electrocardiogram (ECG) showed mild, nonspecific changes,
including T waves. To assist in her differential, serial cardiac troponin (cTn)
values were obtained. While the clinician did not expect the patient to have a
myocardial infarction (MI), her substantial increase in cTnI (based on a first-
generation assay that is no longer on the marketplace) was at odds with (a) nei-
ther a rising or falling pattern found on subsequent values and (b) normal and
unchanging total creatine kinase (CK) and creatine kinase-MB (CK-MB) val-
ues. Following clinician contact with the laboratory, reanalysis of the specimens
using a second-generation cTnI assay by the same manufacturer and a third-
generation cTnT assay demonstrated no detectable cTn, and the laboratory
results were corrected in the medical record. Follow-up studies by the labora-
tory revealed the presence of a heterophile-interfering antibody, which once re-
moved (Scantibody tubes) resulted in normal cTnI values by the original assay.

Time (h) Total CK CK-MB cTnI 1st cTnI 2nd cTnT

0 25 1.5 20.8 < 0.025 < 0.01
6 29 1.4 23.0 < 0.25 < 0.01

15 28 1.3 24.8 < 0.025 < 0.01

All units ng/mL.
1st, initial, first-generation assay; 2nd, second-generation assay.

Case 2

The patient presents with a chief complaint of “I have a pain in my chest that
hurts very bad.’’ He is a diabetic with a history of atypical chest pain over the
past 3 months. He now presents with ischemic symptoms, chest pain, shoulder
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pain, aching jaw, and nausea. His ECG demonstrates an ST-segment elevation
acute MI. His initial cTnT value is increased above the 99th percentile reference
cutoff (>0.01 ng/mL) at 0.013 ng/mL and increases to 0.073 ng/mL over the
next 4 hours. He is immediately transferred, following medical therapy, to the
catherization laboratory, where a stent is successfully placed.

Time (h) Initial cTnT Serum cTnT Plasma cTnT

0, presentation 0.013 0.013 0.010
4 0.073 0.073 0.022
8 0.025 0.133 0.025

12 0.293 0.763 0.293

All units ng/mL.

However, the laboratory findings after the initial rising cTnT over the first
two samples (0h and 4h), followed by a subsequent decrease on the 8h sample,
were quite perplexing to both the attending cardiologist and the pathologist
in the laboratory, since the patient was diagnosed with an acute, evolving ST-
segment elevation MI. At 12 hours, the cTnT value again demonstrated an
increasing value. An astute laboratory medicine resident reviewing the case
recollected a paper that demonstrated the potential of lower cTnT results in
heparin-plasma specimens (green top tubes) versus serum (red top tubes). Fur-
ther investigation did reveal that the 0h and 4h specimens were serum and that
the 8h and 12h specimens were heparin plasma, and both plasma samples had
analytically false low values. When waste serum specimens, drawn for other
chemistries, were located in the laboratory refrigerator for the same 8h and
12h draw times and reanalyzed, both showed substantially higher and rising
cTnT concentrations at 0.133 and 0.763 ng/mL as expected. Since July 2006, the
cTnT assay by Roche, now a fourth-generation assay, has been reformulated
and currently does not show any significant difference between serum and
heparin plasma, allowing for a laboratory to use mix and matched specimen
types. However, as cTnI assays have also been shown to demonstrate either a
constant or random lower heparin-plasma cTnT lower bias, it is recommended
to use only one specimen type for an individual patient when ruling in or out
an acute MI.

Case 3

A 64-year-old male is found unresponsive at home by his wife while he
was sitting and apparently watching a football game on a Sunday afternoon
at 2:30 p.m. 911 was called after she was unable to arose him. Emergency
medical services arrive within 15 minutes and upon examination his ECG
demonstrates an ST-segment depression and T waves. He is transported
on 100% oxygen to the hospital, and is now awake but disoriented, but
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complaining of severe chest pain and left shoulder pain. His ECG remains
unchanged and his 0h presenting cTnI concentration performed at the bedside
using a point-of-care (POC) assay (15-min turnaround time) is within normal
limits: less than the 99th percentile cutoff of 0.04 ng/mL. During the course
of the patient’s treatment in the emergency department, a second POC cTnI
at 3 hours is also normal. However, a call from the central laboratory at this
time reports that the initial plasma sample (0h) when reanalyzed per protocol
in the central laboratory reflects an increased value of 0.07 ng/mL (central
laboratory 99th percentile cutoff 0.025 ng/mL). Based on this discrepant
finding, the patient is immediately transferred to a telemetry unit and the
diagnosis of a non-ST-segment elevation MI is made. Further investigation
of two additional serial cTnI samples shows a rising pattern by both the POC
and central laboratory assays, but reveals that the POC assay’s poor low-end
analytical sensitivity was not able to detect the early increase in cTnI until 8h
versus 0h for the second-generation central laboratory cTnI assay. Further it
was found that there was a poor correlation between the two different assays.
This case demonstrates the importance of understanding the limitations of
first-generation versus second-generation assays, irrespective of whether they
are POC or central laboratory platforms. The first-generation assays are not as
analytically sensitive nor as precise as the newer generation troponin assays.
Therefore, different clinical impressions based on the troponin assay used can
confuse the clinician caring for a patient. One needs to know the assay and
understand that not all assays are created equal.

Time (h) POC cTnI Central laboratory cTnI

0, presentation < 0.04 0.07
3 < 0.04 0.18
8 0.09 0.37

12 0.33 1.05

All units ng/mL.

Discussion of Cases 1, 2, and 3

A European Society of Cardiology/American College of Cardiology
(ESC/ACC) consensus conference along with the AHA (American Heart As-
sociation)/ACC guidelines for differentiating acute MI and unstable angina
codified the role of cTn monitoring by advocating that (a) the diagnosis of
MI and (b) establishing a high-risk profile (evidence of myocardial injury) are
based on increases of cTnI or cTnT in the appropriate clinical setting [1–3].
These guidelines are also supported by parallel statements by the IFCC Com-
mittee on Standardization of Markers of Cardiac Damage (C-SMCD) [4]. The
guidelines recognized the reality that neither the clinical presentation nor the
ECG had adequate clinical sensitivity and specificity for detecting MI without
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the use of biomarkers. The guidelines do not suggest that all increases of these
biomarkers should elicit a diagnosis of acute MI or high-risk profile—only
those associated with the appropriate clinical and ECG findings. When cTn
increases not due to acute ischemia, the clinician is obligated to search for
another etiology for the elevation (see Chapter 8). Overall, the goal of both lab-
oratorians and clinicians is to establish acceptable, uniform criteria for all cTn
assays so that they can be objectively evaluated for their analytical qualities [5]
and clinical performance [2, 3].

The first investigators to develop an assay (radioimmunoassay) to measure
cTn using polyclonal anti-cTnI antibodies were Cummins et al. [6]. While the
assay showed approximately 2% cross-reactivity with skeletal TnI, it still had
excellent clinical specificity for cardiac muscle injury. However, the assay was
never developed for commercial use. The first monoclonal, anti-cTnI antibody-
based immunoassay was described by Bodor et al. [7]. This assay has <0.1%
cross-reactivity with skeletal TnI, but it was not suited for clinical use because
of the lengthy assay time. Over the past 15 years, numerous manufacturers
have described the development of monoclonal antibody-based diagnostic
immunoassays for the measurement of cTnI and cTnT in serum [8, 9]. As-
say times range from 5 to 30 minutes. Table 1.1 shows that over a dozen assays
have been cleared by the Food and Drug Administration (FDA) for patient test-
ing within the United States on central laboratory and POC-testing platforms.

Table 1.1 FDA-cleared cTn assays.

Assay LLD 99th WHO-ROC 10% CV*

Abbott ARCH 0.009 0.012 0.3 0.032
Abbott AxSYM ADV 0.02 0.04 0.4 0.16
Abbott i-STAT† 0.02 0.08 (WB) ND 0.1
Bayer Centaur 0.02 0.1 1.0 0.35
Bayer Ultra 0.006 0.04 0.9 0.03
Beckman Accu 0.01 0.04 0.5 0.06
Biosite Triage† 0.05 < 0.05 0.4 NA
bioMerieux Vds 0.001 0.01 0.16 0.11
Dade RxL 0.04 0.07 0.6–1.5 0.14
Dade CS† 0.03 0.07 0.6–1.5 0.06
DPC Immulite 0.1 0.2 1.0 0.6
MKI Pathfast 0.006 0.01 0.06 0.06
Ortho Vitros ES 0.012 0.032 0.12 0.053
Response† 0.03 < 0.03 (WB) ND 0.21
Roche Elecsys 0.01 < 0.01 0.03 0.03
Roche Reader† 0.05 < 0.05 (WB) 0.1 ND
Tosoh AIA 0.06 0.06 0.31–0.64 0.06

LLD, lower limit of detection; 99th, percentile reference limit; ROC, receiver operator characteristic
curve optimized cutoff; 10% CV, lowest concentration to provide a total imprecision of 10%.
∗Per manufacturer.
†POC assay. Adapted from Ref. [8].
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In addition to these quantitative assays, several assays have been FDA cleared
for the qualitative determination of cTnI and cTnT. Over 50% of the assays are
newer second-, third-, or fourth-generation assays that have improved low-
end analytical sensitivity, without analytical interferences that have plagued
first-generation assays.

Two major hurdles are present that limit the ease for switching from one
cTnI assay to another. Assay concentrations fail to agree because (1) there is
currently no primary reference cTnI material available for manufacturers to use
for standardizing their assays and (2) different epitopes are recognized by the
different antibodies used on individual platforms. An effort has been underway
for the past 3 years by the AACC Subcommittee on Standardization of Cardiac
Troponin I to prepare a primary reference material [10, 11]. In collaboration
with the National Institute for Standards and Technology (NIST), a reference
material, a cTnT–cTnI–cTnC ternary complex, has been identified (SRM 2921).
Working with NIST and the in vitro diagnostic industries, preliminary round-
robin studies have demonstrated that while standardization of assays remains
elusive, harmonization of cTnI concentrations by different assays has been
narrowed from a 20-fold difference to a 2- to 3-fold difference [11].

cTnI is present in the circulation in three forms: (1) free, (2) bound as a two-
unit binary complex (cTnI–cTnC), and (3) bound as a three-unit ternary com-
plex (cTnT–cTnI–cTnC). In addition, there are potentially several additional
forms that also exist for these three forms, representing N- and C-terminal
degradation forms, oxidation and reduction forms, and phosphorylated forms
[12]. Therefore, different assays do not produce equivalent concentration re-
sults, and comparisons of absolute cTnI and cTnT concentrations in clinical
studies cannot and should not be made because not all assays measure the
different forms with equal molarity (Case 3). Comparisons between assay sys-
tems must view changes as relative to each assay’s respective upper reference
limit. Users must understand the analytical characteristics of each troponin
assay prior to clinical implementation.

There is only one cTnT assay in the marketplace, currently a fourth genera-
tion, due to intellectual property rights owned by Roche. Several adaptations of
the cTnT immunoassay kit marketed by Roche Diagnostics (Indianapolis, IN)
have been described. Two monoclonal anti-cTnT antibodies are used in the
second- through fourth-generation assays. Skeletal muscle TnT is no longer
a potential interferent, as was found in the first-generation ELISA cTnT as-
say [13]. In contrast to cTnI, no standardization bias exists for cTnT because
the same antibodies (M11, M7) are used in both the central laboratory and
POC quantitative and POC qualitative assay systems. The fourth-generation
assay is no longer prone to interference due to heparin, as found in green
top sample collection tubes, which previously was shown to cause assay-
decreased cTnT and assay-dependent cTnI values when compared to serum
[14].

Surveys on cTn use have been carried out, but the data in the peer-reviewed
literature are minimal. The distribution of cTn assays used as reported over the
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Table 1.2 Quality specifications—cTn assays.

A. Analytical factors
1. Antibody specificity—recognize epitopes in stable part of molecule and equimolar for

all forms
2. Influence of anticoagulants
3. Calibrate against natural form of molecule
4. Define type of material useful for dilutions
5. Demonstrate recovery and linearity of method
6. Describe detection limit and imprecision (10% CV)
7. Address inferents, i.e., rheumatoid factors, heterophile antibodies

B. Preanalytical factors
1. Storage time and temperature conditions
2. Centrifugation effects—gel separators
3. Serum-plasma–WB correlations

past several years by the College of American Pathologists surveys accounted
for approximately 85% of cTnI assays (11 vendors) and 15% cTnT assays
(1 vendor). Approximately 10–15% of all users utilize POC-testing assays.

In 2001, the IFCC C-SMCD established recommended quality specifications
for cTn assays [5]. The objectives were intended for use by the manufacturers
of commercial assays and by clinical laboratories utilizing troponin assays. The
overall goal was to attempt to establish uniform criteria in order that all assays
could objectively be evaluated for their analytical qualities and clinical perfor-
mance. Both analytical and preanalytical factors were addressed as shown in
Table 1.2. First, an adequate description of the analytical principles, method
design, and assay components needs to be made. This includes the following
recommendations. Antibody specificity as to what epitope locations are iden-
tified needs to be delineated. Epitopes located on the stable part of the cTnI
molecule should be a priority. Further, assays need to clarify whether different
cTn forms (i.e., binary versus ternary complex) are recognized in an equimolar
fashion by the antibodies used in the assay. Specific relative responses need
to be described for the following cTnI forms: free cTnI, the cTnI–cTnC binary
complex, the cTnT–cTnI–cTnC ternary complex, and oxidized, reduced, and
phosphorylated isoforms of the three cTnI forms [15]. Further, the effects of
different anticoagulants on binding of cTnI need to be addressed (Case 2) [14].
Second, the source of material used to calibrate cTn assays, specifically for
cTnI, should be reported. Currently, a cTnI standardization subcommittee of
the AACC is recommending the use of SRD 2921 as a primary reference mate-
rial that will assist in at least harmonizing cTnI concentrations across different
assays, providing traceability [11]. Because antibody differences will always
be present in different assays, complete standardization will never be possible
for cTnI. For cTnT however, as there is only one assay manufacturer (Roche
Diagnostics), standardizing between assay generations has been consistent.
Third, assays need to describe minimal detection limits and total imprecision
at the 99th percentile reference cutoff, as well as potential interferent, such
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as rheumatoid factors, heterophile antibodies, human antimouse antibodies
(Case 1). Preanalytical factors that should be described include effect of stor-
age time and temperature, effect of glass versus plastic tubes and gel separator
tubes, and influence of anticoagulants and whole blood measurements. As
more assay systems are devised for POC testing, the same rigors applied to the
central laboratory methodologies need to be adhered to by the POC-testing
systems.

While clinicians and laboratorians continue to publish guidelines supporting
TATs of <60 minutes for cardiac biomarkers, the largest TAT study published
to date has demonstrated that TAT expectations are not being met in a large
proportion of hospitals. A CAP Q-probe survey study of 7020 cTn and 4368
CK-MB determinations in 159 hospitals demonstrated that the median and
90th percentile TAT for troponin and CK-MB were as follows: 74.5, 129, 82,
131 minutes, respectively [16]. Less than 25% of the hospitals were able to
meet the <60-minute TAT, representing the biomarker order-to-report time.
Unfortunately, a separate subanalysis of just POC-testing systems was not
reported. However, preliminary data have shown that implementation of POC
cTn testing can decrease TATs to <30 minutes in cardiology critical care and
short-stay units [17]. These data highlight the continued need for laboratory
services and health-care providers to work together to develop better processes
to meet a <60-minute TAT as requested by physicians.

Defining the 99th percentile of a reference group for cTn assays should be
determined in each local laboratory by internal studies using the specific assay
used in clinical practice or accept the validation provided in the peer-reviewed
literature [18]. Further, acceptable imprecision (coefficient of variation, % CV)
of each cTn assay has been defined as <10% CV at the 99th percentile reference
limit [19]. Unfortunately, the majority of laboratories do not have the resources
to perform adequately powered reference-range studies nor the ability to carry
out National Committee for Clinical Laboratory Standards (NCCLS) protocols
to establish total imprecision criteria for every cTn assay in the marketplace.
However, newer generation assays are now starting to meet these impreci-
sion goals. Therefore, clinical laboratories need to rely upon the peer-reviewed
published literature to assist in establishing local reference limits. Numerous
reference studies have been carried out for specific cTn assays. When review-
ing these studies, caution must be taken when comparing the findings reported
in the manufacturer’s FDA-cleared package inserts, with the findings reported
in journals because of differences in total sample size, distributions by gender
and ethnicity, age ranges, and the statistic used to calculate the 99th percentile
given. To date, very few in vitro diagnostic companies have published their
99th percentile cutoffs in their package inserts. There is no established guide-
line set by the FDA to mandate a consistent evaluation of the 99th percentile
reference limit for cTn. The largest and most diverse reported reference range
study to date shows plasma (heparin) 99th percentile reference limits for eight
cTn assays (seven cTnI and one cTnT; [18]. These studies were performed in
696 healthy adults (age range 18–84 yr) stratified by gender and ethnicity.
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The data, while generally in agreement with information provided by per-
sonal communication by the manufacturer, demonstrate several issues. First,
two cTnI assays show a 1.2- to 2.5-fold higher 99th percentile for males ver-
sus females. Second, two cTnI assays demonstrated a 1.1- to 2.8-fold higher
99th percentile for African Americans versus Caucasians. Third, there was a
13-fold difference between the lowest versus the highest measured cTnI 99th
percentile limit. The lack of cTn assay standardization (there is no primary ref-
erence material available) and the differences in antibody epitope recognition
between assays (different assays use different antibodies) give rise to substan-
tially discrepant concentrations. What is generally recognized, though, as long
as one understands the characteristics of an individual assay and does not
attempt to compare absolute concentrations between different assays, clinical
interpretation should be acceptable for all assays.

Operationalizing the 2000 ESC/ACC redefinition of MI consensus docu-
ment, which is predicated on cTn monitoring, has already substantially im-
pacted the rate of defining MI in day-to-day clinical practice, in the emergency
department, in epidemiology, in clinical trials, in society, and in public policy
[3]. To quote Harvey D. White, DSc (cardiologist from New Zealand), “Things
ain’t what they used to be’’ [20]. Characteristics used to define a disease in
one county may be interpreted differently by clinicians in another nation, thus
possibly rendering comparison of cardiac disease between countries difficult
but not impossible. In this light, a statement cosponsored by the AHA, the
World Heart Federation Councils on Epidemiology and Prevention, the Cen-
ter for Disease Control and Prevention, and the National Heart, Lung, and
Blood Institute recently published a case definition for acute coronary heart
disease (CHD) in epidemiology and clinical research studies [3]. This state-
ment was based on a systematic review of evolving diagnostic strategies, with
the goal of developing standards for population studies of CHD. The defini-
tion of CHD cases was deemed dependent on symptoms, signs, ECG, and/or
autopsy findings and biomarkers. Cardiac biomarkers, measures of myocar-
dial necrosis, were prioritized for use as follows: cTn > CK-MB mass > CK-MB
activity > CK. An adequate set of biomarkers was determined to be at least
two measurements of the same biomarker at least 6 hours apart (similar to
the preestablished ESC/ACC consensus [2]). A diagnostic biomarker was, at
least, one positive biomarker in an adequate set showing a rising or falling
pattern in the setting of clinical ischemia and the absence of noncardiac causes
of biomarker elevation. An equivocal biomarker was when only one available
measurement was positive, but not in the clinical setting of ischemia or in the
presence of nonischemia causes. A positive biomarker was defined as exceed-
ing the 99th percentile or the lowest concentration at which a 10% CV can be
demonstrated.

For clinical trials, to avoid the confusion of multiple centers using multiple
assays, several approaches are recommended for utilizing cTn testing [8, 21].
First, analyze all samples from trial centers in a core, central laboratory with
a precise, well-defined assay. Second, provide all trial centers with the same
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well-defined assays. Third, uniformly define each center’s assays by using the
10% CV concentration (assay dependent), thus not relying on local laboratory
criteria and troponin cutoffs. Fourth, use a multiple (two- to threefold) of the
10% CV cutoff value. Fifth, if trials decide to use cutoff values defined in earlier
studies, the degree of variability should be reported. However, since these ear-
lier recommendations, the Global Task Force for defining MI has superseded
the 10% CV value, and now, along with laboratory and emergency medicine
organizations, 100% endorse the use of the 99th percentile reference cutoff.
The revision from the 10% CV to the 99th percentile cutoff was supported by
two studies that showed that imprecision at the 99th percentile did not signifi-
cantly impact the diagnostic use or risk stratification assessment of patients pre-
senting with clinical symptoms suggestive of acute coronary syndrome (ACS)
[22, 23].

The advances in diagnostic technology in the development of improved
low-end analytical detection of cTn have begun to impact the prevalence of
acute MI detection. Accumulating data suggest that the more sensitive cTn
tests result in greater rates of MI diagnosis and greater rates of cTn positivity
compared to other markers [3, 24]. Milder and smaller degrees of myocardial
injury will be detected. Clinical cases that were earlier classified as unstable
angina will be given a diagnosis of MI (due to an increased cTn), and now
procedure-related troponin increases, i.e., following angioplasty, will be la-
beled as an MI. The importance of small troponin increases even within the
99th percentile reference range has been confirmed by their association with
a poor prognosis [24, 25]. Based on several studies that compared CK-MB
and cTn assays in ACS patients, a substantial increase in rate of MIs ranging
from 12 to 127% was detected [3]. In one of the studies by Lin et al., a subset
(5%) of cTnI-negative, but CK-MB-positive patients revealed the potentially
underlying false-positive MI rate when using CK-MB as a standard for MI de-
tection [24]. This was likely due to release of CK-MB from skeletal muscle in
the absence of myocardial injury. Further, a subset (12%) of cTnI-positive, CK-
MB-negative patients demonstrated a subset of patients diagnosed as having
had an MI that would not have been detected without cTn monitoring. These
data support the implementation of cTn in place of, not in combination with,
CK-MB.

Thus, the quality of cTn assays is improving with release of second-, third-,
and fourth-generation immunoassays. Manufacturers are working more
closely with clinical and laboratory investigators to appropriately validate the
analytical qualities of new assays. Implementation of these new assays into
clinical trials will be crucial for establishing an appropriate evidence-based
literature. As cTn assay implementation grows and lower analytical cutoffs
are implemented for detection of myocardial injury, diagnosis of MI, and risk
stratification, patient care and management will be impacted across society.

Several factors have been identified for being responsible for both analytical
false-positive cTn findings without the presence of myocardial injury [26] and
false-negative findings when myocardial injury was present [27]. Common
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causes of false-positive cTn findings have been due to heterophile antibodies,
such as rheumatoid factors, human antianimal antibodies, fibrin clots, mi-
croparticles in specimens, and analyzer malfunctions. Heterophile antibodies,
for example, are antibodies produced against poorly defined antigens with
weak affinities. Patients with autoimmune disease often have rheumatoid fac-
tors. Immunoglobulins reacting with other immunoglobulins induce nonspe-
cific cross-reactivity in some troponin assays. Human antimouse antibodies de-
velop as a result of treatments with mouse (animal) immunoglobulins and are
antibodies with strong affinities. These present a problem when immunoglobu-
lins from the same species (mouse anti-cTn antibodies) are used in the test (cTn)
assay. In both cases, their presence can be demonstrated following absorption
with immunoglobulin additives tested following processing with either scan-
tibody tubes or the Immunomedics product. While the majority of cTn assays
incorporate sufficient amounts of animal immunoglobulins in their reagents
and are able to eliminate these potential interferences, several first-generation
assays have remained prone to falsely increased results because of these factors
(Case 1). Typically, when an assay shows this type of interference, increased
cTn concentrations do not demonstrate typical serial rising or falling patterns
as expected in MI, but remain consistently increased over time. Typically, when
an interferent is suspected, reanalyzing a “false-positive’’ specimen utilizing
an alternative cTnI or cTnT assay will likely correct the inaccuracy.

One case report documented a false-negative immunoassay results for cTnI,
probably resulting from the interference of circulating IgG-class autoantibod-
ies with high affinity for cTnI in a 69-year-old man with an MI [27]. More
recently, preliminary findings of “some yet unidentified, variable component,
present in blood of healthy volunteers and ACS patients,’’ that interferes with
commercial assays of cTnI causing decreased concentrations in ACS particles
have been reported [28]. Supplementation of N- and C-terminal affinity anti-
bodies appeared to resolve the interference. Further studies are underway to
clarify the mechanism of this interaction.
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CHAPTER 2

Diagnostic use of cardiac troponins
in ST-segment elevation
myocardial infarction

Susanne Korff, Hugo Katus, Evangelos Giannitsis

Introduction

In patients with acute ST-segment elevation myocardial infarction (STEMI), the
diagnosis and immediate initiation of reperfusion therapy is based on standard
12-lead electrocardiogram (ECG). Because cardiac markers appear in blood
after a substantial time after onset of symptoms, cardiac markers are neither
helpful for early diagnosis nor should results be awaited to initiate reperfusion
treatment in patients with STEMI.

Nevertheless, the appearance of cardio-specific troponins in blood indicates
myocardial necrosis and thus allows retrospective confirmation of acute my-
ocardial infarction (MI), particularly when the ECG is poorly interpretable
or confounded by preexisting ST-segment elevation because of ventricular
aneurysm or by Q waves, pacemaker rhythm, or preexisting or newly de-
veloped bundle branch blocks (BBB). Other important reasons to determine
cardiac troponins (cTn) in the setting of STEMI include monitoring the efficacy
of reperfusion, assessment of short- and long-term risk, and estimation of in-
farct size. When and how often cTn should be measured in clinical practice in
the setting of STEMI will be illustrated in a representative clinical case.

Representative clinical case

History

On October 15, 2005, at 2:00 a.m., a 61-year-old man was admitted to our emer-
gency ward. He reported severe left thoracic chest pain at rest with radiation to
the neck and left arm that began the day before at 10:30 p.m., i.e., 3 1/2 hours
before admission and lasted for 2 hours. In the past weeks he experienced
similar episodes of milder intensity during exertion. There were no concomi-
tant vegetative symptoms or dyspnea. He had never suffered from palpita-
tions, dizziness, or syncope. Cardiovascular risk factors were arterial hyper-
tension, hypercholesterinemia, and insulin-dependent diabetes mellitus since
1984. The patient had quit smoking 2 years ago (20 packyears). Medications

15
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on admission were nifedipine 20-mg tablet and simvastatin 20-mg tablet once
daily and metformin 850-mg tablet twice daily.

Electrocardiogram

Figure 2.1 depicts the ECG of the patient. The precordial leads showed
monophasic ST-segment elevations in V1–V3. Besides, there were ST-segment
elevations up to 0.1 mV in lead aVL. These ST-segment elevations were su-
perimposed on an RBBB. In addition, there were ST-segment depressions in
leads II, III, and avF and in the precordial leads V5 and V6. Besides, there was
a first-degree atrioventricular block.

Cardiopulmonary examination

There were no findings of congestive heart failure, no third or fourth heart
sound, no cardiac murmurs, and pulse rate 80 bpm—normal pulmonary find-
ings.

Laboratory findings

Laboratory parameters on admission are shown below:

Sodium 139 (135–145 mmol/L)

Potassium 5.65 (3.5–4.8 mmol/L)

Creatinine 0.99 (<1.3 mg/dL)

Urea 85 (<45 mg/dL)

Creatine kinase 375 (<174 U/L)

cTnT 0.26 (<0.03 μg/L)

C-reactive protein 3.0 (<5 mg/L)

WBC 18.52 (4.0–10.0 cells/nL)

Hemoglobin 14.1 (13–17 g/dL)

Platelets 303 (150–440 cells/nL)

Medical treatment

Immediately after diagnosis of STEMI, the patient received 600 mg clopidogrel
and 500 mg aspirin orally as well as 5000 units unfractionated heparin intra-
venously. In addition, the glycoprotein (GP) IIb/IIIa inhibitor tirofiban was
administered in the emergency room before coronary angiography. After per-
cutaneous coronary intervention (PCI), tirofiban was continued for 48 hours.

Coronary angiography

Coronary angiography was performed immediately, revealing a severe coro-
nary three-vessel disease with a total occlusion of the proximal left anterior
descending artery (LAD). The LAD could be successfully recanalized. On left
ventricular angiography the left ventricular function was severely impaired.
PCI resulted in an incomplete reperfusion of the infarct-related artery (throm-
bolysis in myocardial infarction (TIMI) flow grade 2). Figure 2.2 shows the
occluded LAD before (a) and after (b) revascularization.
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(a)

(b)

Figure 2.2 Coronary angiogram. (a) The left coronary system before PCI with the total occlusion

of the proximal LAD (arrow). (b) Following balloon dilatation and placement of two stents blood

flow in the LAD could be successfully restored.



P1: OTE/SPH P2: OTE
BLUK084-Adams April 13, 2007 20:53

Cardiac troponins in ST-segment elevation MI 19

0

500

1000

1500

2000

2500

0

Time (days)

T
n

T
 (

m
u

lt
ip

le
s
 o

f 
n

o
rm

a
l)

9

2073

678

342
252 248 219 226 159 121

A
d
m

is
s
io

n P
C

I 1 6 7 8 92 3 4 5

Figure 2.3 Time course of cTnT. There is a steep increase in cTnT following reopening of the

infarct-related coronary artery, which represents the washout of cTnT from necrotic myocytes.

The peak cTnT is of short duration, which reflects successful revascularization. In patients with

no revascularization, there is no peak.

Inhospital course

During coronary angiography, the patient developed cardiogenic shock. After
implantation of an intraaortal balloon pump he was monitored and had an un-
eventful stay on our intensive care unit. Troponin T values were determined
immediately after PCI and every day until discharge. Figure 2.3 shows the
kinetic of cTnT in our patient. On admission, cTnT level was 0.26 μg/L, which
was nine times above the reference limit. Following coronary angiography,
cTnT levels increased to 2073 times upper limit of normal and then declined
rapidly. This release kinetic is typical for an early successful reperfusion of
an occluded coronary artery. On Day 4, a gadolinium-enhanced magnetic res-
onance imaging (MRI) was done in order to assess left ventricular function
and to estimate the infarct size. The infarct size was measured by addition
of the volumes of late enhancement in contiguous short-axis slices of known
thickness. Absolute infarct mass and relative infarct size was calculated. Figure
2.4 shows the cardiac MRI of this patient on Day 4 after the index event. The
infarcted area was quantified to more than 140 g (Fig. 2.5).

Follow-up

The patient was discharged from our hospital after 10 days on October 25.
On follow-up, he reported limited physical exercise capacity and shortness of
breath at exercise classified as functional NYHA (New York Heart Association)
class III. There was no evidence for recurrent myocardial ischemia or clinical
restenosis. Transthoracic two-dimensional echocardiography demonstrated an
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Late enhancment
Figure 2.4 Cardiac MRI. Sagittal

two-chamber view of the heart. The arrows

indicate the extent of the necrotic myocardium

of the left ventricle, which enhances

gadolinium-DTPA contrast medium. The whole

anterior wall of the left ventricle and parts of

the inferior wall are infarcted. Healthy

myocardium remains black.

ejection fraction of only 20%. Hence, he received a dual-chamber implantable
cardioverter defibrillator for primary prophylaxis of sudden death according
to the MADIT-II-trial criteria.

Discussion of case

Troponin and diagnostic confirmation of STEMI in patients

with equivocal or confounding ECG

In 2000, a joint committee of the European Society of Cardiology and the Amer-
ican College of Cardiology (ESC/ACC) had recommended the use of troponins
as the preferred cardiac marker and stated that an elevation of cardio-specific
troponins above the 99th percentile of a healthy reference population in the
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Figure 2.5 Correlation between cTnT after 72–96 hours and infarct size in grams determined

by MRI in patients with STEMI. There is a significant correlation between infarct size and cTnT

72–96 hours after MI. In our patient cTnT after 72–96 hours was around 7 μg/L, which represents

above 140-g infarct size.
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Figure 2.6 ECG of a patient with type 2 Brugada syndrome with the characteristic saddleback

configuration, i.e., the high ST-segment elevation followed by a gradually descending ST segment

and a positive or biphasic T wave. This pattern in Brugada syndrome is similar to the ECG pattern

in our patient with RBBB and STEMI.

clinical setting of myocardial ischemia classifies for acute MI [1]. This decision
was made because cTn are strictly intracellular and cardio-specific proteins,
and consequently, their elevation in blood is the most convincing indicator
of irreversible cardiomyocyte injury. Since not all patients with acute MI de-
velop typical ST-segment elevations on the ECG, the new definition of MI
distinguishes ST-segment elevation myocardial infarction (STEMI) and non-
ST-segment elevation myocardial infarction (NSTEMI).

The allocation of a patient with clinical suspicion of MI to one of these diag-
nostic groups is of major importance for the therapeutic strategy.

In patients admitted with chest pain but without ST-segment elevation, the
diagnosis of acute MI is made by an elevation of cTn. Hence, the diagnosis
of NSTEMI relies on an elevated cTn level. It is known that in patients with
NSTEMI, admission troponin levels are useful for risk stratification and allow
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identification of patients requiring administration of GP IIb/IIIa inhibitors and
early invasive strategy [2].

In contrast, in patients with chest pain, typical ST-segment elevation in the
ECG is highly specific for acute MI and cTn are neither required for the diag-
nosis of STEMI nor for the initiation of early therapy. The value of cTn in the
setting of STEMI relies on the retrospective confirmation of the diagnosis and
on risk prediction.

However, in a subset of patients, the interpretation of ECG may be difficult
or even not possible despite retrospective confirmation of large acute MI. In
the setting of a strictly posterior STEMI for example, ST-segment elevations
are absent on standard 12-lead ECG but may be found on extended chest
leads V7–V9. Frequently anterior ST-segment depressions are misinterpreted
as reversible myocardial ischemia, and consequently, the diagnosis of a strict
posterior acute MI due to an occluded left circumflex artery is missed or is
made too late.

In other cases, the electrocardiographic diagnosis of STEMI is masked by
preexistent or newly developed ECG changes like BBB or pacemaker rhythms.
In the above-mentioned settings, the determination of cTn helps to diagnose
or to exclude an acute MI.

The prevalence of BBB on arrival in patients with acute MI varies between
1.6 and 10.9% without marked difference between RBBB and LBBB [3, 4]. Al-
though an RBBB does mask neither the repolarization phase nor the preexisting
Q wave, minor ST-segment elevations in the anterior leads (i.e., V1–V4) can
be missed due to pseudonormalization of the negative T waves. Wong et al.
reported from data of the HERO-2 trial that the presence of an RBBB in the
setting of an anterior STEMI is associated with a higher risk of death after 30
days (33% versus 12%) [5]. Our patient had a complete RBBB in the ECG on ad-
mission, which can mask the ECG diagnosis of anterior STEMI. In our patient,
cTnT level on admission was 0.26 μg/L, which is well above the reference limit
and thereby confirmed the diagnosis of acute MI.

Rarely, patients may falsely be labeled as having STEMI due to ST-segment
elevations and may be exposed to the risk of thrombolytic therapy or coro-
nary angiography without need. These pseudoinfarct patterns encompass the
so-called early repolarization pattern. The early repolarization pattern is charac-
terized by ST-segment elevations up to 0.5 mV in the midprecordial leads and
is more common at slow than at rapid heart rates and more frequent in men
than in women [6]. Another rare confounder showing ST-segment elevations
in the right precordial leads is the Brugada syndrome (Fig. 2.6).

Troponin T or I and success of reperfusion therapy in STEMI

Primary goal in patients with STEMI is the early and complete restoration of the
epicardial blood flow. But normal epicardial blood flow (TIMI flow grade 3)
does not automatically mean normal tissue reperfusion since microvascular
obstruction may persist [7]. Risk factors for microvascular obstruction include
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diabetes, advanced age, late reperfusion therapy, and male gender. An eleva-
tion of cTnT on admission may be associated with abnormal tissue perfusion
due to microvascular obstruction [8] and helps to identify patients who may
benefit from an adjunctive peri-interventional administration of GP IIb/IIIa
inhibitors [9].

Troponin T and guidance of adjunctive medical therapy in STEMI

Adjunctive therapy with GP IIb/IIIa inhibitors in patients with STEMI and
elevated cTnT on admission has been demonstrated to improve epicardial and
myocardial perfusion as well as left ventricular function. However, no random-
ized study has ever demonstrated a significant reduction of short- or long-term
mortality [9, 10]. Recently, an observational study gave first preliminary ev-
idence that patients with a cTnT level being already elevated on admission
showed less rapid cardiac marker washout 60 minutes after recanalization [9].
Administration of the GP IIb/IIIa inhibitor abciximab was found to accelerate
marker washout in patients with positive admission cTnT levels suggesting
improved tissue level reperfusion [9]. Forthcoming trials are needed to confirm
whether patients with elevated cTn on admission will benefit from GP IIb/IIIa
inhibitors.

Troponin T or I on admission and prognosis in STEMI

Besides the retrospective confirmation of acute MI in patients with STEMI,
elevated cTn levels on admission imply an increased inhospital and long-term
mortality [11, 12]. Patients with elevated troponin levels on admission more
often develop congestive heart failure (23% versus 9%) or shock (30% versus
9%) during hospitalization [12]. Patients with elevated admission troponin
values in conjunction with incomplete ST-segment resolution 60 minutes
after fibrinolytic reperfusion therapy have a sixfold higher 1-year mortality
compared to patients without cTnT elevation and with complete ST-segment
resolution (18.2% versus 2.8%) [13]. Also when these patients are treated with
primary PCI, elevated admission troponin levels predict a three to four times
higher short- and long-term mortality [12, 14]. In these patients, primary PCI
and thrombolytic therapy were shown to be less successful with respect to
rates of complete reperfusion and sustained patency of the coronary vessel
(TIMI flow grade 3), which is regarded as one of the possible reasons for
the prognostic hazard of admission troponin. It has been speculated that
more fibrin-resistant thrombi and microvascular no-reflow may play an
important role [7, 15]. Possible reasons for the microvascular dysfunction
include occlusion of capillaries at the center of the infracted zone either due
to (1) preexisting microembolization of fragmented thrombus from unstable
plaques [14, 16], (2) aggregation of blood cells, or (3) endothelial cell swelling
as a consequence of ischemic edema [17].
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Troponin T and infarct size in STEMI

Due to the short half-life of troponin T in blood of only about 90 minutes [18],
the troponin T blood levels on Day 3 or 4 reflect degradation of the contractile
machinery, which is a hallmark of irreversible cell injury. Thus, a troponin T
elevation on Day 3 or 4 after symptom onset may be taken as definite proof
of irreversible myocardial injury. Animal studies tried to establish a signifi-
cant correlation between cTnT and infarct size. In an experimental study on
16 beagle dogs, in whom the LAD was ligated, the pathoanatomically mea-
sured infarct size correlated significantly with a single troponin measurement
after 96 hours (p = 0.0010) [19]. In a similar study on 38 wild-type mice, the au-
thors found a significant correlation between cTnT blood levels 24 hours after
LAD ligation and the histological infarct size [20]. To show perfusion defect size
in patients 72 hours after MI, Panteghini et al. [21] used single-photon emission
computed tomography (SPECT) and found a significant correlation between
cTnT at 72 hours and both the peak creatine kinase-MB (CK-MB) concentra-
tions (r = 0.76; p < 0.001) and the perfusion defect size (r = 0.62; p < 0.001)
[21]. For this time point, Licka et al. also found a significant correlation with
scintigraphic infarct size [22]. We recently conducted a study on 44 patients
with STEMI. Measurement of cTnT and infarct size using MRI was performed
72–96 hours after the index event. We found a highly significant correlation
between cTnT and infarct size (rSpearman = 0.883; p < 0.0001) (Fig. 2.3).

How many troponin measurements do we need in patients

with STEMI?

While sampling protocols are straightforward in acute coronary syndrome
without ST-segment elevations, no approved protocols are available in STEMI.
Although not necessary for initiation of reperfusion therapy, a measurement
of cTn on admission appears useful for short- and long-term risk stratification.

For retrospective confirmation of an acute STEMI, additional measurements
are necessary in order to demonstrate a cTn concentration above the acute MI
decision limit showing a typical rise and fall.

The cTn values at 12–24 hours reflect best washout of the cytosolic cTn pool,
which is an indicator of success of reperfusion.

For estimation of infarct size, robust data are available for cTnT. For cTnT,
measurement 72–96 hours after the onset of symptoms allows reliable estima-
tion of infarct size. Recently published data from our group show that there
is an excellent correlation (r = 0.883; p < 0.0001) between cTnT on Day 4 after
the onset of symptoms and infarct size as assessed with contrast-enhanced
MRI [23].

In patients with recurrent chest pain, additional cTn measurements may be
required for identification of reinfarction [24].

In brief, we recommend at least three measurements of troponins in patients
with STEMI. The first time point of measurement, also not necessarily needed
to guide therapy, is on admission. Elevated admission troponins are useful for
retrospective confirmation of MI especially in equivocal cases (e.g., atypical
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chest pain, uninterpretable ECG) and for estimation of prognosis including
inhospital and long-term mortality. In addition, troponin elevations on ad-
mission are negatively correlated with reperfusion success, i.e., the TIMI flow
following coronary intervention.

Only in patients with onset of symptoms 4–6 hours before admission and
in whom admission troponin is still negative, another blood sample should be
obtained 6–9 hours later.

In patients receiving thrombolytic therapy an additional troponin measure-
ment 60–90 minutes after start of treatment may complement other noninva-
sive tools for noninvasive estimation of reperfusion success.

Finally, the last measurement between 72 and 96 hours after the index event
allows estimation of infarct size.
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CHAPTER 3

Therapeutic implications of cardiac
troponins in ST-segment elevation
and non-ST-segment elevation
myocardial infarction

Tracy Y. Wang, John M. Castor, L. Kristin Newby

Case 1

A 65-year-old, male, retired engineer with a history of hypertension and ongo-
ing tobacco use presented to the emergency room with chest pain. He woke that
morning with a pressure sensation in his mid-chest associated with diaphore-
sis and nausea. He got out of bed, but pain worsened with exertion, and was
then associated with lightheadedness. An ambulance was called. After receiv-
ing an aspirin and two sublingual nitroglycerins, he became pain-free. He was
transported to the local hospital for further evaluation.

In the emergency department, his heart rate was 90 and regular, blood pres-
sure 162/88, and oxygen saturation 98% on 2 L of nasal cannula. Estimated
jugular venous pressure was 7 cm and no thyromegaly was noted. Lungs were
clear to auscultation bilaterally. Cardiac examination was notable for normal
S1, physiologically split S2, and presence of an S4. No murmurs were heard.
Abdomen was without hepatomegaly, and extremities were warm without
edema. Distal pulses were 2+ bilaterally.

A 12-lead electrocardiogram (ECG) showed normal sinus rhythm with left
ventricular hypertrophy and 1-mm ST-segment depression in leads V2–V4.
Chest X-ray showed no cardiopulmonary abnormalities. Initial laboratories
4 hours after symptom onset yielded normal blood counts and chemistries
except for a troponin T of 0.16 ng/mL (local laboratory upper limit of normal,
0.1 ng/mL) and a creatine kinase-MB fraction (CK-MB) of 14 ng/mL (local
laboratory upper limit of normal, 9 ng/mL). The patient remained pain-free
and was admitted to the cardiac intensive care unit for further management.

In the intensive care unit, the patient was treated with enoxaparin and epti-
fibatide in addition to aspirin, β-blocker, statin and angiotensin-converting
enzyme (ACE) inhibitor. His cardiac markers peaked at a troponin T of
0.22 ng/mL and a CK-MB of 20 ng/mL at 12 hours after symptom onset. Both
markers trended down thereafter. The patient underwent cardiac catheteriza-
tion on hospital day 2, which revealed a 95% hazy obstruction of the mid left an-
terior descending (LAD) artery, suggestive of fresh thrombus. His other major
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epicardial vessels were widely patent without significant obstructive lesions.
He was given clopidogrel 600 mg and then underwent percutaneous implan-
tation of a drug-eluting stent to the LAD lesion with a final result of <25%
luminal obstruction. He remained on an eptifibatide infusion for 18 hours
postprocedure. The remainder of his hospitalization was unremarkable and
the patient was discharged on hospital day 4 to cardiac rehabilitation.

Discussion of Case 1

Approximately 5.5 million patients per year present to the emergency depart-
ment with a primary complaint of chest pain. Recently, cardiac biomarkers have
played an increasing role, in addition to clinical history and ECG, in identifying
patients with acute coronary syndrome (ACS). Cardiac troponins are sensitive
markers of myocyte necrosis released in the setting of thrombotic coronary
obstruction or distal vascular microembolization of platelet aggregates. Car-
diac troponins were introduced into clinical practice in 1989 (troponin I in
1992), and multiple studies have proven the power of cardiac troponins in the
diagnosis and risk stratification of ACS patients. Elevated troponin levels in
patients with ACS identify a population with an increased mortality risk pro-
portional to the degree of elevation [1]. Further, the Global Use of Strategies to
Open Occluded Coronary Arteries in Acute Coronary Syndromes (GUSTO)
IIa troponin substudy showed that baseline troponin T concentration pro-
vides more prognostic information than CK-MB [2]. This suggests that patients
with elevated levels are at higher risk and may benefit from more aggressive
therapies.

Traditional antithrombotic therapies targeting these pathophysiologic mech-
anisms consisted of oral aspirin and intravenous unfractionated heparin
(UFH). Low molecular weight heparins have a more predictable anticoagulant
effect by more specific targeting of factor Xa, leading to reductions in throm-
bin generation and activity. Higher bioavailability because of less binding to
plasma proteins also makes for a more predictable dose–response relationship
that does not require routine laboratory monitoring. The Fragmin in Unstable
Coronary Artery Disease (FRISC) study found that dalteparin reduced event
rates in unstable coronary artery disease (CAD) compared with placebo [3].
In an analysis of the relative benefit of dalteparin versus UFH, regardless of
troponin status, all patients had decreased events in the short-term (6 days) on
dalteparin compared with placebo. However, long-term benefits of dalteparin
use were noted only in patients with a troponin T level >0.1 μg/L, with a
reduction in death or myocardial infarction (MI) from 14.2 to 7.4% (RR 0.52,
95% CI 0.32–0.83, p < 0.05) in the troponin-positive group [4].

The Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q Wave Coro-
nary Events (ESSENCE) trial compared enoxaparin with UFH and found
enoxaparin to be superior in reducing the 30-day risk of death, MI, or re-
current angina (19.8% enoxaparin versus 23.3% UFH, p = 0.016) without sig-
nificantly increasing bleeding risk [5]. This was confirmed in the Thromboly-
sis in Myocardial Infarction (TIMI) 11B study, which showed a sustained risk



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 19:16

Therapeutic implications of cardiac troponins 29

cTnl negative
N = 179

Enoxaparln

UFH

D/MI

RR 3.0 1.0 1.6 0.58

95% CI (0.3−28) (0.3−3.4) (0.6−4.7) (0.3−1.3) (0.20−0.80) (0.33−0.86)

0.40 0.53

D/MID/MI/UR D/MI/URUR UR

C
lin

ic
a
l 
e
ve

n
ts

 a
t 
1
4
 d

a
y
s
 (

%
)

cTnl positive
N = 180

50

45

40

35

30

25

20

15

10

5

0
0

6 6 6

10

17

11

21

p = 0.006

p = 0.007

40

28

9

4

Figure 3.1 Clinical outcomes of troponin-positive vs. troponin-negative patients treated with

enoxaparin compared with unfractionated heparin among CK-MB negative patients. Enoxaparin

significantly reduced the rate of adverse events. (D, death; MI, myocardial infarction; UR, urgent

revascularization, cTcI, cardiac troponin). (From Ref. [7].)

reduction with enoxaparin use (OR 0.85, 95% CI 0.72–1.00, p = 0.048) [6]. When
these patients were risk stratified with troponin measurements, again a bene-
fit was observed primarily in patients with positive admission troponin levels
(Fig. 3.1). This demonstrates that measurement of troponin levels at presenta-
tion is useful in selecting patients, even those with normal CK-MB values, who
are at higher risk of adverse outcomes and may benefit from more aggressive
therapy with low-molecular-weight heparin.

If low-molecular-weight heparin is good, is a longer course of it better? Both
FRISC II and TIMI 11B examined the efficacy of prolonged low-molecular-
weight heparin therapy in preventing recurrent ischemia or need for revas-
cularization. In FRISC II, a 3-month course of dalteparin improved the com-
posite endpoint of death or MI at 1 month (3.1% versus 5.9%, OR 0.53, 95%
CI 0.35–0.80, p = 0.002); this benefit was not sustained at 6 months [8]. TIMI
11B showed that outpatient enoxaparin for 43 days did not significantly add
to the benefit of inpatient low-molecular-weight heparin use, but significantly
increased major hemorrhage risk from 1.5 to 2.9% (p = 0.021) [7].

Glycoprotein IIb/IIIa inhibitors act at the platelet level to inhibit aggregation
at the site of plaque rupture, which is a dominant feature in the pathophysiol-
ogy of ACS. The C7E3 AntiPlatelet Therapy in Unstable Angina Refractory to
Standard Treatment Trial (CAPTURE) was designed to determine whether use
of abciximab in patients with refractory angina and significant coronary lesions
awaiting revascularization improved clinical outcomes. Abciximab was given
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Figure 3.2 Cumulative incidence of death or MI among patients with non-ST-elevation ACS.

Treatment of troponin-positive patients lowered risk to that similar to troponin-negative patients.

(From Ref. [10].)

with intravenous UFH for 18–24 hours before coronary angioplasty and until
1 hour post-angioplasty. The study was stopped early because of a 29% low-
ering of the primary endpoint of death, MI, or urgent intervention at 30 days
(p = 0.012) [9]. When stratified by troponin levels, troponin T-positive pa-
tients treated with abciximab had a similar risk of cardiac events to troponin
T-negative patients, as shown in Fig. 3.2. Abciximab use reduced 6-month car-
diac risk from 23.9 to 9.5% in troponin-positive patients as compared with 7.5
and 9.4% in troponin-negative patients treated with placebo and abciximab,
respectively. Patients with refractory unstable angina and elevated troponin
treated with abciximab had a relative risk of death or MI of 0.32 (95% CI 0.14–
0.62) compared with troponin-negative patients. In contrast, CK-MB elevation
did not predict treatment benefit with abxicimab [10].

The Platelet Receptor Inhibition in Ischemic Syndrome Management
(PRISM) study randomized a population of ACS patients who were pre-
dominantly not revascularized, to treatment with tirofiban versus UFH [11].
Tirofiban lowered the risk of cardiac events during its 48-hour infusion, but
no significant benefit was sustained at 30 days. However, in the troponin-
positive population of this study, tirofiban lowered risk of death (OR 0.25,
95% CI 0.09–0.68, p = 0.004) and MI (OR 0.37, 95% CI 0.16–0.84, p = 0.004) in
both medically managed patients as well as those undergoing revasculariza-
tion. No treatment benefit was seen for troponin-negative patients [12]. The
Platelet Receptor Inhibition in Ischemic Syndrome Management in Patients
Limited by Unstable Signs and Symptoms (PRISM-PLUS) and Platelet Gly-
coprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin
Therapy (PURSUIT) trials demonstrated incremental benefit when tirofiban
or eptifibatide was added to UFH and aspirin; this benefit extends out to
6 months after randomization, supporting the hypothesis that early aggressive
antiplatelet therapy leads to stabilization of coronary plaque [13, 14]. Patients
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who underwent percutaneous coronary revascularization derived the most
benefit. The Platelet IIb/IIIa Antagonism for the Reduction of Acute coronary
syndrome events in a Global Organization Network (PARAGON) B substudy
prospectively showed that use of lamifiban with heparin neutralized the higher
risk associated with a positive troponin in patients with non-ST-segment ele-
vation ACS (see Fig. 3.3). This benefit was seen in both medically managed as
well as revascularized patients [15].

Positive troponins in non-ST-segment elevation ACS correlate with sever-
ity of angiographic findings. Visible thrombus (14.6% versus 4.2%, p = 0.004),
complex lesion characteristics (72% versus 53.9%, p < 0.001), and TIMI flow
<2 (15.6% versus 5.1%, p < 0.001) were more frequent in troponin-positive
patients on angiography [16]. The pathologic mechanism of ACS is disruption
of the fibrous cap of an atherosclerotic plaque that initiates thrombosis. An-
gioscopy of troponin-positive patients shows a higher prevalence of yellow
plaque, that is, vulnerable plaque with a large lipid core associated with a
higher incidence of ACS [17]. While lesion morphology provides some prog-
nostic information, particularly in regard to procedure-related risk, troponin
is a more powerful predictor of cardiac risk than angiographic characteristics
[16]. Abciximab improved TIMI flow and thrombus resolution significantly
only in the troponin T-positive group. This supports the hypothesis that tro-
ponin release in patients with ACS suggests a more thrombogenic milieu with
marked platelet activation which is more amenable to aggressive antiplatelet
therapy.
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inhibitor trials showing its benefit in ACS patients. (From Ref. [19].)

A meta-analysis of CAPTURE, PRISM-PLUS, and PURSUIT determined that
use of glycoprotein IIb/IIIa inhibitors before revascularization reduced risk of
death or MI (2.9% versus 4.3%, p = 0.001), as well as risk of death or MI within
48 hours of percutaneous intervention (4.9% versus 8.0%, p = 0.001) [18]. This
was challenged by the GUSTO IV-ACS trial, which randomized patients to 24-
or 48-hour abciximab infusions versus placebo. Patients were excluded if early
revascularization was planned. All patients received aspirin and either heparin
or dalteparin. No improvement in outcome was noted; even troponin-positive
and ST-segment depression groups did not receive any treatment benefit with
abciximab [19]. This is in contrast to previous studies which showed benefit
from glycoprotein IIb/IIIa use both with medical management or revascular-
ization (Fig. 3.4). The explanation for the difference in results is unclear, but
perhaps relates to infrequent use of early revascularization, suboptimal dos-
ing regimens, or selection of patients at lower risk. The American College of
Cardiology/American Heart Association (ACC/AHA) guidelines discourage
abciximab use in patients with ACS not undergoing percutaneous intervention
(class III) [20].

The hope was that intensive medical therapy with the above antithrombotic
and antiplatelet regimens would improve coronary plaque stability and avoid
invasive procedures. However, despite aggressive therapy, results are sub-
optimal. FRISC II randomized patients to a routine invasive versus an initial
noninvasive treatment strategy and showed that the early invasive strategy re-
duced the composite risk of death or MI (OR 0.78, 95% CI 0.62–0.98, p = 0.031)
[21]. Two-year follow-up of the FRISC II population showed the curves to con-
tinue to diverge with a sustained risk reduction of mortality (3.7% versus 5.4%,
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Figure 3.5 Cumulative incidence of death, MI or rehospitalization. The rate of adverse outcomes

at 6 months was lower in the early invasive strategy group. (From Ref. [23].)

OR 0.68, 95% CI 0.47–0.98, p = 0.038) and MI (9.2% versus 12.7%, OR 0.72, 95%
CI 0.57–0.91, p = 0.005) [22].

This was confirmed by the Treat Angina with Aggrastat and determine Cost
of Therapy with an Invasive or Conservative Strategy (TACTICS)-TIMI 18
study, which showed a primary endpoint of death, nonfatal MI, or rehospital-
ization for ACS of 15.9% in the early invasive arm versus 19.4% in the conser-
vative arm at 6 months (OR 0.78, 95% CI 0.62–0.97, p = 0.025) [23] (see Fig. 3.5).
All patients were treated with aspirin, heparin, and tirofiban. In the troponin-
positive group (54% of the study), there was a 39% relative risk reduction and
a 10% absolute risk reduction with the use of the invasive strategy, whereas no
difference was noted in the troponin-negative group (p < 0.001) [24]. Troponin
was an independent and a more powerful predictor of benefit compared with
other clinical indicators such as ST-segment depression, CK-MB, and TIMI risk
score.

We may be getting to the point where medical therapies are advanced enough
to stabilize plaque and avoid invasive procedures. A study by de Winter et al.
randomized 1200 high-risk ACS patients with positive troponin levels to early
invasive versus selective invasive management. Medical therapies for these
patients included aspirin, early clopidogrel use, enoxaparin, periprocedural
abciximab, and high-dose statin for lipid control. With this level of aggressive
medical therapy, there was no significant difference between the early and
selective invasive arms in terms of mortality and the composite endpoint of
death, nonfatal MI, or rehospitalization [25]. Overall mortality was lower than
previous studies (2.5%) despite selection of a high-risk population, suggesting
that our therapies, both medical and invasive, are providing much better out-
comes. Revascularization rates were higher in the selectively invasive groups
(79% early and 54% selective versus 77% and 37% in FRISC II and 61% and 44%
in TACTICS-TIMI 18). Much of the composite endpoint in the early invasive
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group was driven by a significantly higher incidence of periprocedural MI,
which is of less certain prognostic significance.

In summary, elevated troponin levels identify patients with ACS who are
at higher risk and who derive particular benefit from aggressive therapies
such as use of low molecular weight heparin, glycoprotein IIb/IIIa inhibitors,
and early invasive strategies. How are we doing? The Can Rapid Risk strat-
ification of Unstable angina patients Suppress ADverse outcomes with Early
implementation of the ACC/AHA guidelines (CRUSADE) initiative followed
23,298 patients with ACS. As before, troponin levels correlated with mortality
risk. However, early therapies did not change based on the admission troponin
level. Specifically, there was similar use of low molecular weight heparin (36.9%
troponin-positive versus 37.5% troponin-negative) and glycoprotein IIb/IIIa
inhibitor (34% versus 34%) in both troponin-positive and troponin-negative
groups. Sixty-six percent of patients with a positive troponin did not receive
any glycoprotein IIb/IIIa inhibitor. Despite evidence that patients presenting
with baseline-positive troponins have a higher risk of mortality compared with
patients with later-positive troponin results [26, 27], cardiac catheterization
was, in fact, significantly underutilized in the patients with positive admis-
sion troponins compared with those with initial-negative then later-positive
troponins [28]. When stratified by degree of troponin elevation, early aspirin,
heparin, and glycoprotein IIb/IIIa inhibitor use was greater only in patients
with major troponin elevations (greater than five times the upper limit of nor-
mal) (Table 3.1). Glycoprotein IIb/IIIa inhibitors were used in only 20–40% of
patients across all levels of troponin elevation. Use of cardiac catheterization
was higher in the troponin-negative cohort than in the cohort with troponin
levels one to two times the upper limit of normal (Table 3.2) [29].

In conclusion, a positive troponin in non-ST-segment elevation ACS predicts
higher risk and warrants aggressive therapy. Although ACC/AHA guidelines
recommend using troponin levels to delineate treatment decisions [30], clinical
adherence to these recommendations is poor. Substantial changes to clinical
care algorithms need to be made to provide adequate evidence-based therapies.

Case 2

A 75-year-old man with chronic kidney disease on hemodialysis for the past
6 months and a history of hyperlipidemia, hypertension, and adult-onset di-
abetes mellitus presents to the emergency department with a chief complaint
of increasing dyspnea in the last 24 hours.

On examination, he appears pale and diaphoretic. His heart rate is 101, blood
pressure 90/55, respirations 21, and his oxygen saturation is 90% on 2-L nasal
cannula. His cardiac examination reveals a regular rhythm with an S4. His
lungs are clear to auscultation bilaterally.

A 12-lead ECG shows normal sinus rhythm with Q waves in leads II, II,
and aVF consistent with an old inferior infarction. No acute ST-segment or
T-wave abnormalities were noted. Laboratory testing revealed a troponin of
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0.23 ng/mL (upper limit of normal, 0.10 ng/mL) and CK-MB of 4 (upper limit
of normal, 9 ng/mL). No prior cardiac markers were available for comparison.
Investigation of noncardiac etiologies, including chest X-ray, basic chemistries,
and a ventilation–perfusion scan, was negative. The patient was given aspirin,
lopressor, and intravenous UFH, and was admitted for further evaluation.

On hospital day 2, an echocardiogram revealed an ejection fraction of 40%
with inferior hypokinesis. His troponin peaked at 0.42 ng/mL 12 hours after
admission, and then trended down. On hospital day 3, cardiac catheterization
revealed a 75% distal right coronary artery lesion that was treated with a
drug-eluting stent with good results. The patient was started on a statin, oral
β-blocker, and clopidogrel. An ACE inhibitor was started as well but had to
be discontinued due to hyperkalemia of 6.1 ng/mL two days after initiation.
Patient was discharged on hospital day 5 without events.

Discussion of Case 2

In patients presenting with chest pain, data from the PARAGON B, GUSTO IIa,
and CHest pain Evaluation by Creatine Kinase-MB, Myoglobin, and Troponin
I (CHECKMATE) trials show that patients with both positive troponin and CK-
MB levels had the highest 30-day risk of death or MI (OR 2.5, 95% CI 1.6–3.8)
[31, 32]. However, an isolated positive troponin, even with a negative CK-MB
level, carried an OR of 2.1 (95% CI 1.4–3.0) compared with an isolated positive
CK-MB, OR 1.0 (95% CI 0.6–1.6) [33] (see Fig. 3.6).

The prevalence of CAD in patients with renal insufficiency is high and is
a major cause of morbidity and mortality. In patients on dialysis, the preva-
lence of CAD is estimated at 40% [34] and cardiovascular disease accounts for
almost 50% of deaths in patients with chronic renal insufficiency [35]. In a meta-
analysis of acute MI mortality in patients over 65 years old, serum creatinine

0 1 2 3 4

Tn+/MB+

Tn+/MB–

Tn–/MB+

2.5 (1.6–3.8)

2.1 (1.4–3.0)

1.0 (0.6–1.6)
Figure 3.6 Adjusted OR and 95% CI for

30-day death or MI referenced to patients who

are both MB- and troponin-negative. Patients

who are troponin-positive have a higher risk of

death or MI. (From Ref. [33].)
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was the second most powerful predictor of 30-day mortality after presentation
with cardiac arrest [36]. Patients with renal failure often have atypical presen-
tations of ACS [37], so clinicians must rely on diagnostic modalities such as
ECG and cardiac biomarkers for diagnosis.

Cardiac troponins are very specific markers of myocardial necrosis. With
newer generation troponin assays, 50% of asymptomatic patients with renal
failure, whether acute, chronic, or end stage, have elevated troponin levels.
Troponin I is elevated in 7% of patients with advanced renal failure whereas
troponin T is elevated between 17 and 53% of patients with renal failure [38,
39]. A higher proportion of troponin T (7% versus 3.5% troponin I) exists freely
in the myocyte cytoplasm while the rest is bound within the sarcomere and
therefore greater release of the unbound cytosolic troponin T may account for
the higher specificity of troponin I in patients with renal failure. The cause
of troponin elevation in end-stage renal disease (ESRD) has been debated.
Uremia-induced skeletal muscle reexpression of cardiac troponin T, clinically
silent micro-infarctions, left ventricular hypertrophy, and subclinical volume
overload and heart failure have been postulated as potential sources of tro-
ponin elevation. Decreased renal clearance is unlikely to be the cause of ele-
vated troponin; studies to date have not shown a relationship between degree
of troponin elevation and creatinine clearance (CrCl) [40]. Improvement in
renal function after renal transplantation does not alter the prevalence of tro-
ponin elevation [41]. Troponin I levels decrease up to 86% post-dialysis, while
troponin T levels trend toward increasing post-dialysis [39]. Although dialysis
membranes should clear only molecules smaller than intact troponin T or I,
the thought is that troponin I may adsorb onto the membrane because of its
hydrophobicity. Troponin T levels are thought to increase post-dialysis due to
hemoconcentration.

In asymptomatic patients with renal dysfunction, troponin elevation has
been shown to predict a two- to fivefold increase in all-cause mortality [42],
suggesting a role for troponin in the clinical risk assessment of patients with
renal disease. However, therapeutic consequences are unclear and the use of
troponin as part of routine clinical risk stratification of renal patients is still
being debated. However, the prognostic value of a positive troponin in the
setting of suspected ACS and renal failure has been firmly established. An
analysis from the GUSTO IV trial showed that patients presenting with chest
pain and impaired CrCl who had troponin elevation still had significantly
increased risk of 30-day risk of death and MI (OR 2.5, 95% CI 1.3–2.2, p <

0.001) and should be treated aggressively [43].
The presence of ischemic symptoms, ECG changes, and an elevated troponin

is generally sufficient evidence to diagnose ACS in renal patients. Confusion
arises when renal patients present with atypical symptoms. ECG abnormal-
ities such as left bundle branch block and left ventricular strain patterns are
very common in end-stage renal patients, making the diagnosis more difficult
[44]. In this setting, a rise in serum troponin is consistent with new myocar-
dial damage, whereas an invariant serial troponin and CK-MB measurements,
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while still predictive of poor long-term prognosis, may indicate no new my-
ocardial injury. Most trials evaluating therapies for ACS exclude patients with
impaired CrCl. This has resulted in a general reluctance to use aggressive ther-
apies such as glycoprotein IIb/IIIa inhibitors, fibrinolytic therapy, or percuta-
neous coronary intervention (PCI). Shlipak et al. showed that 1-year mortality
post-MI in renal patients was an astounding 66% in comparison with 24% in pa-
tients with normal renal function [45]. Large clinical trials recruiting troponin-
positive patients with renal dysfunction need to be performed to look at the
efficacy and safety of therapies that are proven in patients with normal renal
function.

Low molecular weight heparin, unlike UFH, is cleared primarily through
the kidneys. Pharmacokinetic data for low molecular weight heparin have not
been consistent. Cadroy et al. showed that in patients with ESRD, the half-life
of enoxaparin was 1.7 times longer and clearance was twofold lower than in
control patients [46]. However, another study by Brophy et al. showed that
while use of enoxaparin in ESRD resulted in twofold prolongation of anti-
factor Xa activity, clearance was not affected by the glomerular filtration rate
and no dosage adjustments were needed [47].

TIMI 11A, while excluding patients with creatinine levels >2 mg/dL,
showed that clearance of enoxaparin was reduced 22% in the group of patients
with a CrCl levels <40 mL/min. Patients with this degree of renal impairment
had increased peak and trough anti-Xa activity (mean trough was more than
double that patients with normal CrCl) and were more likely to have major
hemorrhagic events [48].

TIMI 11B and ESSENCE showed enoxaparin to significantly reduce the pri-
mary endpoint of death, MI, or urgent revascularization in patients with non-
ST-segment elevation MI compared to UFH. In a subgroup analysis of these
two studies, patients with renal impairment (CrCl levels <30 mL/min) had a
higher rate of this primary endpoint regardless of treatment with either UFH
or enoxaparin. Overall, patients with renal insufficiency had a higher bleeding
risk compared to patients with normal renal function. There was no significant
difference in benefit or bleeding risk between the UFH and enoxaparin group;
however, this analysis was significantly underpowered (total of 143 patients) as
most patients with renal insufficiency were excluded from the trial [49]. Collet
et al. looked at enoxaparin dosing for ACS in patients with varying renal dys-
function. To achieve target anti-Xa levels between 0.5 and 1.0 IU/mL, patients
with CrCl <30 mL/min required a final dosage of 0.64 mg/kg every 12 hours,
whereas patients with CrCl between 30 and 59 mL/min required a dosage
of 0.84 mg/kg every 12 hours [50]. In a small study of 72 patients with CrCl
<40 mL/min, Choussat et al. demonstrated efficacy and safety of single-dose
0.5 mg/kg intravenous enoxaparin in patients undergoing elective PCI [51].

Bleeding complications with enoxaparin are significantly higher in patients
with renal insufficiency. Gerlach et al. reported bleeding complications of 51%
compared with 22% with normal renal function even in the setting of lower
drug dose [52]. This has led to the recommendation that use of UFH, rather
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than low-molecular-weight heparin, is preferred in renal patients with a serum
creatinine >2 mg/dL or CrCl <30 mL/min.

Glycoprotein IIb/IIIa inhibitors are highly underutilized in ACS; this is even
more evident in patients with renal disease as most randomized studies ex-
cluded patients with renal dysfunction. In an observational study by Freeman
et al., 310 of 889 (34.9%) patients admitted for ACS had renal insufficiency. In-
hospital mortality was significantly higher in patients with renal insufficiency
(8.1% versus 2.6%, p < 0.001) even after adjustment for comorbidities. A glyco-
protein IIb/IIIa inhibitor was used in 39.3% of patient with CrCl > 90 mL/min
and 12.7% in CrCl < 30 mL/min (p < 0.001). When adjusted for level of renal
dysfunction, glycoprotein IIb/IIIa inhibitor use was associated with a signif-
icant improvement in in-hospital mortality, but the adjusted OR for major
bleeding in patients was 2.13 (95% CI 1.39–3.27, p < 0.0001) with renal insuffi-
ciency [53]. While PRISM-PLUS excluded patients with Cr >2.5 mg/dL, renal
dysfunction predicted more high-risk angiographic features and worse out-
come. Tirofiban reduced risk in all strata of renal function. Bleeding increased
with addition of tirofiban to UFH; however, this risk was not amplified in pa-
tients with renal insufficiency, suggesting that tirofiban can be used in ACS
patients with mild to moderate renal impairment [54].

The concern for increased bleeding risk is mostly based on the fact that gly-
coprotein IIb/IIIa inhibitors are primarily renally excreted. Tirofiban is 36–69%
renally cleared, and half dose is recommended in patients with renal failure.
Eptifibatide is contraindicated in dialysis patients and a reduction in infusion
rate to 1 μcg/(kg min) is recommended for CrCl <50 mL/min. To date, no
dose adjustment is recommended for abciximab as platelet-bound abciximab
is cleared by the reticuloendothelial system. However, free circulating Fab
fragments are still cleared by the kidneys.

The Enhanced Suppression of the Platelet IIb/IIIa Receptor with Integrilin
Therapy (ESPRIT) trial looked at eptifibatide use in conjunction with PCI and
excluded patients with a creatinine >4 mg/dL. In a subanalysis, patients with
CrCl <60 mL/min had higher rates of adverse outcomes after PCI. Patients
with lower CrCl received greater benefit from eptifibatide treatment (OR 0.53,
95% CI 0.34–0.83) compared to patients with higher CrCl (OR 0.68, 95% CI
0.49–0.94) without an increase in bleeding risk [55] (see Fig. 3.7). Currently,
use of glycoprotein IIb/IIIa inhibitors is recommended for patients with mild
to moderate renal insufficiency who present with ACS, with appropriate ad-
justment of infusion rates based on degree of renal impairment.

In general, patients with renal dysfunction are less likely to be prescribed
proven therapies for ACS such as aspirin, β-blockers, heparin, or statins. De-
spite the fact that these patients tend to have more severe angiographic lesions,
they are less likely to undergo invasive therapies such as PCI or coronary artery
bypass grafting (CABG) [55]. An observational study of 4500 patients under-
going cardiac catheterization showed that in spite of the association of more
severe angiographic lesions and higher mortality with renal insufficiency, a
greater proportion of patients with renal insufficiency were managed medically
after catheterization; 47.6% of patients with normal function underwent PCI
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Figure 3.7 Kaplan Meier survival curves for patients stratified by renal function and eptifibatide

use. Patients with renal dysfunction benefited from use of eptifibatide. (From Ref. [55].)

compared with 35.7% of patients with CrCl 60–90 mL/min and 15.9% with
CrCl <30 mL/min [56]. While PCI was associated with improved survival
over medical therapy in patients with normal renal function or mild renal in-
sufficiency, this survival benefit was not noted in patients with severe renal
dysfunction. In contrast, CABG was associated with improved survival over
medical therapy at all levels of renal insufficiency, and CABG was better than
PCI in patients with moderate to severe renal dysfunction. It is important to
note that these observations were made in the non-drug eluting stent era.

To summarize, a positive troponin in the setting of typical symptoms in a
patient with renal insufficiency predicts higher mortality and warrants aggres-
sive therapy. However, current data are limited in that most studies exclude
patients with renal dysfunction. UFH is recommended over low-molecular-
weight heparins in this population. Glycoprotein IIb/IIIa inhibitors and PCI
could be utilized more frequently in patients with mild to moderate renal
insufficiency. Until studies that include patients with renal dysfunction are
performed, we do not have any formal data to delineate appropriate therapies
for ACS patients with renal insufficiency.

Case 3

A 54-year-old diabetic man noted vague epigastric discomfort and nausea af-
ter lunch. Four hours later, having no symptom relief from over-the-counter
antacids, he drove himself to the local emergency department for further
evaluation. On arrival in triage, he was noted to be pale and diaphoretic.
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Heart rate was 106 and blood pressure 92/50. He was given an aspirin and
three sublingual nitroglycerins without substantial relief of his discomfort. A
12-lead ECG showed 3-mm ST-segment elevation in V2–V5. Urgent cardiology
consultation was obtained and the patient was transferred to a local tertiary
facility for cardiac catheterization. En route, blood samples were drawn and
patient was initiated on intravenous UFH and abciximab infusions.

Coronary angiography revealed a total occlusion of a large left anterior de-
scending artery, which was treated with a drug-eluting stent with resolution of
symptoms and ST-segment elevations. He received a clopidogrel load of 600 mg
and remained on abciximab for another 12 hours post-procedure. Testing of his
pre-catheterization blood samples revealed a troponin T of 2.3 ng/mL (upper
limit of normal, 0.10 ng/mL) and a CK-MB of 24 ng/mL (upper limit of normal,
9 ng/mL). These cardiac enzymes peaked at 6 hours post-revascularization and
then trended down. The patient had no recurrent symptoms. An echocardio-
gram showed moderate anteroapical hypokinesis with an estimated ejection
fraction of 40%. The patient was started on daily aspirin, statin, β-blocker, and
ACE inhibitor. He was discharged a few days later to cardiac rehabilitation.

Discussion of Case 3

The pathophysiologic substrate of ST-segment elevation MI (STEMI) is throm-
botic occlusion of an epicardial coronary artery. Expedient restoration of flow
to the obstructed artery is the key determinant of short- and long-term out-
comes in these patients. When a STEMI patient presents to a hospital without
interventional catheterization facilities, the decision to use fibrinolysis versus
primary PCI depends on the time delay to PCI. A PCI strategy may not reduce
mortality compared to immediate thrombolytic administration when a delay
greater than 90 minutes is anticipated.

Cardiac biomarkers are used to evaluate and risk stratify patients with
STEMI but not to determine the need for rapid reperfusion therapy. In the
GUSTO trials, elevated baseline serum troponin T concentration was associ-
ated with increased cardiac mortality. In a troponin T substudy of GUSTO III,
STEMI patients with positive admission troponin levels had a 30-day mortal-
ity of 15.7% compared with 6.2% (p = 0.001) in the troponin-negative group.
When patients with STEMI undergo successful reperfusion, biomarkers are
often detected earlier and rise more quickly to a peak level and then rapidly
decline. The time to peak serum troponin T concentration also predicts clinical
outcome (see Fig. 3.8). In one study, time to peak troponin >11 hours was as-
sociated with a lower cardiac event-free survival rate and with increased risk
of reinfarction and target lesion re-intervention [57].

An elevated troponin level is hypothesized to reflect more tissue damage
possibly due to longer periods of ischemia, lower success rates of reperfusion
via either thrombolysis or primary angioplasty, and microvascular dysfunc-
tion due to distal microembolization and endothelial cell damage. Stubbs et al.
found less effective reperfusion (50% versus 72%, p = 0.006) with streptokinase
in patients with troponin T levels >0.2 ng/mL. Mortality rates were higher not
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Figure 3.8 Kaplan-Meier event-free survival curve showing greater survival in patients whose

time to peak troponin was < 11 hours compared to those whose time to peak troponin was

> =11 hours. (From Ref. [57].)

only during the initial hospitalization, but were consistently higher as far out
as 3 years (28% versus 7.5%, p = 0.001) [58]. In the TIMI 10B study, admission
troponin levels were significantly lower in patients that achieved TIMI 3 flow
after thrombolysis [59]. Lower rates of successful reperfusion with percuta-
neous intervention have also been reported in troponin-positive patients [60–
62]. Giannitsis et al. looked at 140 patients with STEMI who presented within
12 hours of symptom onset and underwent primary PCI [62]. A positive ad-
mission troponin level predicted a 3.2-fold risk for incomplete epicardial reper-
fusion (TIMI flow <3) and was the strongest predictor of reperfusion success.
Despite re-establishment of normal epicardial flow, troponin-positive patients
had more impaired myocardial perfusion evidenced by lower 60-minute ratios
of cardiac biomarkers. This correlated to clinical outcomes; troponin-positive
patients had a higher all-cause and cardiac mortality at 9 months (18.8% versus
3.9%, p = 0.05 and 14% versus 3.9%, p = 0.03, respectively) [62].

While elevated baseline troponin levels have consistently predicted clinical
outcome, the relationship between troponin levels and infarct size and post-
infarct left ventricular function is still debated. Kurowski et al. showed that
positive troponin levels are more often correlated with a depressed ejection
fraction and the left anterior descending artery as the infarct-related artery
[63]. In non-anterior MIs, a positive troponin discriminated high- and low-risk
subgroups with a 30-day cardiac mortality of 9.6% versus 1.4% (p = 0.04) and
12-month cardiac mortality of 11.5% versus 1.3% (p = 0.17). In fact, cardiac
mortality of a troponin-positive non-anterior STEMI was similar to that of
a troponin-negative anterior STEMI. However, Ohlmann et al. did not find
admission troponin levels to predict large enzymatic infarct size or ejection
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fraction. In contrast, later troponin levels measured up to 72 hours following
PCI were shown to be correlated to infarct size and left ventricular function
[64].

While patients with high-troponin levels on admission typically present later
after symptom onset, even after adjustment for this, troponin elevation was
an independent predictor of risk, suggesting that it is not only time to reper-
fusion that is important for survival. Factors other than myocardial salvage
may be important for survival benefit, including microvascular flow reduc-
tion, microemboli, and higher thrombotic burden. Per ACC/AHA guidelines,
reducing time to vessel patency remains the primary objective, and reperfu-
sion therapy should not be contingent on biomarker testing [65]. However, the
proven prognostic value of troponins in the setting of acute STEMI suggests
more aggressive therapies for these patients.

Platelet glycoprotein inhibition in the setting of thrombolysis has been stud-
ied in several trials. TIMI 14 found that adding abciximab to tissue plasminogen
activator improved TIMI 3 flow at 60 minutes (72% versus 43%, p = 0.0009)
[66]. GUSTO V randomized patients to receive reteplase alone versus combi-
nation of half-dose reteplase plus full-dose abciximab. No mortality difference
was noted at 30 days or 1 year, but combination therapy did reduce frequency
of reinfarction (3.5% versus 2.3%, p < 0.0001). Significantly higher rates of
bleeding were noted with severe bleeding occurring in 0.5% with thrombolysis
alone versus 1.1% with combination therapy (p < 0.0001), especially intracra-
nial bleeding in patients older than 75 years of age [67]. Therefore, addition of
glycoprotein IIb/IIIa inhibitors to fibrinolytic therapy, in the absence of proven
mortality benefit, is not recommended.

With percutaneous interventions, there is more of a role for glycoprotein
IIb/IIIa inhibitor use. The Abciximab before Direct Angioplasty and Stenting
in MI Regarding Acute and Long Term Follow-up (ADMIRAL) trial found that
abciximab use with primary PCI significantly reduced the composite outcome
of death, recurrent MI, and urgent target revascularization at both 30 days (6%
versus 14.6%, p = 0.01) and 6 months (7.4% versus 15.9%, p = 0.02) [68] (see
Fig. 3.9). Furthermore, earlier administration of glycoprotein IIb/IIIa inhibitors
before PCI improved coronary patency [69].

Clopidogrel, a less potent antiplatelet agent than glycoprotein IIb/IIIa in-
hibitors, may provide incremental inhibition of platelet activation and aggrega-
tion which improves outcomes in STEMI patients without the higher bleeding
risk. Sabatine et al. reported that the addition of clopidogrel to fibrinolytics and
UFH improved the composite endpoint of occluded infarct-related artery on
angiography, death, or recurrent MI from 32.7 to 15% (36% odd reduction, 95%
CI 24–47, p < 0.001). No significant difference was noted in the incidence of
bleeding complications [70]. This was confirmed in a large trial of almost 46,000
STEMI patients, half of which underwent thrombolysis, who were randomized
to clopidogrel versus placebo on top of standard therapy (including aspirin).
At 28 days, clopidogrel reduced the relative risk of death by 7% (7.5% versus
8.1% mortality, p = 0.03) and reduced the composite endpoint of recurrent MI,
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stroke, or death by 9% (event rate 9.3% versus 10.1%, p = 0.002) without any
increase in bleeding risk [71]. In a substudy of the CLARITY trial, pretreat-
ment with clopidogrel, given with thrombolytics at the time of presentation,
significantly reduced 30-day risk of cardiovascular death, MI,or stroke (7.5%
versus 12.0%, adjusted OR 0.59, 95% CI 0.43–0.81, p = 0.001; number needed
to treat = 23) [72].

Low molecular weight heparin has emerged as an attractive alternative to
UFH in STEMI patients. The Assessment of the Safety and Efficacy of a New
Thrombolytic (ASSENT) III study randomized patients to UFH versus enoxa-
parin and found that patients who received UFH had a significantly higher
composite outcome of death, reinfarction, and refractory ischemia (15.4% ver-
sus 11.4%, p = 0.0001) [73]. The efficacy and safety of enoxaparin use is cur-
rently being tested in a large clinical trial [74].
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While none of these trials stratified patients according to their troponin lev-
els, the worse prognosis associated with elevated troponins suggests use of
these more aggressive measures to improve vessel patient and microvascular
perfusion in an effort to reduce mortality and recurrent events. As with all
MI patients, standard post-MI management, including aggressive β-blockade,
renin–angiotensin system blockade, lipid control, and smoking cessation coun-
seling, should be emphasized.
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CHAPTER 4

Ischemic heart disease in the absence
of overt coronary artery disease

Allan S. Jaffe

Introduction

The use of new, sensitive, and specific cardiac markers, i.e., the troponins,
has caused the need to reassess our ideas concerning ischemic heart disease.
It is becoming increasingly clear that what we consider ischemia, which by
definition is “the inability of myocardial oxygen supply to keep track with
myocardial oxygen demand,’’ can occur even in the absence of overt epicardial
coronary artery disease. Sometimes this is due to a coronary abnormality and
sometimes due to increased myocardial demand that even normal coronary
responses cannot overcome. Often some degree of necrosis is associated with
such syndromes. Thus, in the patient who appears to have acute ischemic heart
disease, consideration of other mechanisms other than solely epicardial disease
is appropriate. In addition, it is now clear that the coronary angiogram itself
is far from a perfect tool [1]. What sorts of abnormalities should we consider?
1 The epicardial coronary artery disease could be missed or underestimated.
2 There could be alterations in coronary vasomotion that changes the severity
of a given epicardial coronary lesion.
3 There could be endothelial dysfunction without any detectable epicardial
coronary abnormalities.
4 There could be small vessel involvement.
5 There could be normal coronary arteries in a circumstance where myocardial
oxygen demand is extraordinarily high.
All of these mechanisms have been suggested and now complicate the man-
agement of patients with presumed ischemic heart disease. Some of these are
likely why in TACTICS-TIMI 18 (Fig. 4.1), patients who presented with an el-
evated troponin and chest pain suggestive of acute coronary syndromes but
normal or near-normal epicardial coronary arteries had an adverse prognosis
compared to individuals who had normal troponins in the absence of epicar-
dial coronary disease. Obviously, all the elevations may not have been due to
coronary disease but having an elevated troponin absent evidence of epicar-
dial coronary disease was as adverse prognostically as the mere presence of
coronary artery disease itself. We will discuss as we look at cases how such
abnormalities might occur but they become important today in interpreting
biomarkers in the context of a presumed ischemic presentation.

51
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Figure 4.1 Events in patients with elevated troponin with and without coronary artery disease and

those with normal troponins with and without coronary artery disease who present with acute

coronary syndromes. Note increased number of events in patients with elevated troponins even

with apparently normal coronary arteries. (Reproduced with permission from Ref. [2].)

Case 1

A 51-year-old woman who had a history of mild hypertension and mild hy-
perlipidemia was admitted with chest discomfort. She had been treated for
hyperlipidemia which had been well controlled, but had been resistant to tak-
ing medications for hypertension. She was an exerciser who had a high-exercise
tolerance. She denied any cardiopulmonary symptoms until the day of admis-
sion when she had substernal chest discomfort that lasted 2 hours. It radiated
to her neck and transiently was associated with sweating. Her physical exami-
nation was unremarkable without hypertension on admission. Her electrocar-
diogram (ECG) revealed minor (<1 mm) lateral ST–T wave changes. Her tro-
ponin on admission was mildly elevated at 0.04 ng/mL and progressively rose
to 0.8 ng/mL despite treatment with aspirin, IIB/IIIA antagonists, β-blockers,
and nitroglycerin. She had a transthoracic echocardiogram that was read as to-
tally unremarkable. Subsequently, she underwent cardiac catheterization and
was shown to have “normal’’ coronary arteries. The question was what then
was the etiology of her elevated troponins and chest pain. Despite the fact
that she was not short of breath nor hypoxic, she underwent computed to-
mographic (CT) imaging to rule out pulmonary embolism, which was totally
normal. Because the lateral ST–T wave changes the elevated troponin, a di-
agnosis of myocarditis was considered since involvement of the lateral wall
is characteristic [2]. For this reason and because the suspicion of coronary is-
chemia was high clinically, she underwent magnetic resonance imaging (MRI).
MRI with gadolinium demonstrated a small subendocardial area of delayed
hyperenhancement in the inferior lateral wall indicative of a small area of focal
injury (Fig. 4.2). She subsequently developed ventricular tachycardia but was
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Figure 4.2 MRI in patient described in the text. Note area of hyperenhancement.

otherwise pain-free. She was treated with β-blocker and was discharged home
on a statin and β-blocker. Subsequently, she has done well without recurrent
chest discomfort. During follow-up, she has been able to continue to exercise
for 30–45 minutes, although she is unhappy with the treatment with β-blocker,
which keeps her from getting her heart rate higher and truncates her exercise
tolerance. Nonetheless, she has continued to do well without recurrent chest
discomfort.

Discussion of Case 1

The issue here is a complicated one. It is unclear what caused the minor amount
of cardiac damage this woman suffered, but she is one of several such cases this
investigator has observed just like this. She presented with chest pain, classic
for angina, minor ECG changes, and elevated biomarkers, which met crite-
ria for the diagnosis of myocardial infarction. We cannot exclude myocarditis
in this woman, but there was very little else in her history or her subsequent
course to confirm that, and classically, the changes on MRI seen with myocardi-
tis involve the epicardium. Another, perhaps more attractive, possibility is that
there were other mechanisms within her coronary vasculature to explain the
focal cardiac damage that occurred. These could involve several different po-
tential etiologies.
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The first could be that since she was treated overnight with heparin and
IIB/IIIA antagonists, by the time of angiography 12–18 hours later, evidence
of thrombotic coronary artery occlusion, which may have been present acutely,
may have resolved. This is certainly a possibility that cannot be totally excluded
and would fit with early studies documenting patients with acute infarction
and normal coronary arteries [3]. However, there was no overt lesion that was
discernible. This, of course, does not mean that such a lesion was not present,
but it certainly makes it somewhat less likely. However, coronary angiography
clearly can miss areas of acute plaque rupture [1].

A second possibility is that the cause of the focal damage was related to
alterations in coronary vasomotion. Coronary abnormalities and particularly
those that are asymmetric can manifest substantial vasomotion [4]. Since the
cross-sectional area of a pipe like the coronary artery is related to the square of
the radius, it takes very little vasoconstriction to make a modest lesion, hemo-
dynamically significant [5]. For example, it requires only a 10% change in the
radius to change the cross-sectional area of a lesion from 47 to 76% if the en-
tire lesion can respond with vasoconstriction. If only a percentage of a given
lesion circumference can respond, then it may require a 60% lesion to con-
strict to make it clinically significant (i.e., 76%). In one small series of patients
presenting with chest pain, those with elevated troponins manifested substan-
tially more marked vasoconstriction in response to vasoconstrictors than those
without elevations [6]. Thus in addition to missing a lesion angiographically,
the lesion could be vasoactive, making a given lesion significant at one point
in time but not at others.

Other possibilities include the possibility that focal necrosis could occur
due to endothelial dysfunction alone whether in the epicardial coronary ar-
teries or in the smaller vessels, which cannot be seen on the angiogram. In
this particular individual endothelial function, studies were not done. How-
ever, the concept that endothelial function can be an abnormal absence of overt
coronary artery disease and that patients can manifest vasoconstriction to sub-
stances that normally cause vasodilation is well established [7, 8]. It can lead
to elevations in troponin and is associated with an adverse prognosis [8]. We
do not totally understand the pathophysiology of these syndromes but there
are starting to become ways to screen for it without doing invasive coronary
studies. These approaches included forearm vascular reactivity studies [9] and
tonometry of the upper extremity [10] with the presumption that abnormali-
ties in those areas are frequently associated with abnormalities in the coronary
vessels. This is at present a work in progress where additional research is
necessary.

We do not know the exact etiology of this syndrome in this woman but her
presentation was typical, her ECG suggestive, her markers classic, and her
MR diagnostic. Several such patients have been observed lately. We cannot
exclude the possibility that what was detected by MRI was an old insult and
that this woman really had some other reason for her troponin elevations or
that she has myocarditis that is atypical. Nonetheless, the clinical suspicion
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was high because of her classic presentation, and therefore, she was treated
as if infarction was indeed present. It is suggested that when patients are so
classic that one may not be able to rely solely on angiography for diagnosis.

Case 2

A 59-year-old woman presented with a 2- to 3-week history of chest pressure
without associated symptoms and without relation to exertion. During the
24 hours prior to admission, the pain had became much more severe and
radiated to her shoulders and across her chest, and she came to the emer-
gency room. She had been a smoker, had taken estrogen replacement, and
had mild hyperlipidemia and a history of fibromyalgia. Her physical exami-
nation revealed a normal blood pressure, normal pulse, and a normal physical
examination. Her ECG is shown in Fig. 4.3 and showed only mild QT prolon-
gation and T-wave inversion. Her cardiac troponin T (cTnT) on admission was
0.13 ng/mL, and she had mild hyperlipidemia and mild glucose intolerance.
She was treated with aspirin, oxygen, IV nitroglycerin, metoprolol, heparin,
morphine, Integrilin, and underwent urgent coronary angiography. Her coro-
nary arteries were totally unremarkable; but after ventriculography was re-
quested, subsequently, she was found to have a large akinetic apex suggestive
of “apical ballooning.’’ She was treated conservatively with β-blockers, anti-
ischemics, and vasodilators. The antithrombotic therapy was stopped, and she
gradually recovered without recrudescence.

Discussion of Case 2

This is becoming a more common circumstance. We now appreciate that
women and particularly women who are older and most often postmenopausal
can present after a traumatic, emotional, or physiological experience with chest
pain, ST-segment elevation in the anterior leads, often with QT prolongation,
modest elevations of biomarkers, and have a dyskinetic apex [11]. These in-
dividuals recover with supportive care. Right ventricular involvement can
occur in a substantial number, and the dyskinetic area of the apex can be suf-
ficiently extensive that patients end up with outflow tract obstruction. These
patients respond extremely well to β-blockers. The etiology of this syndrome
is unclear, but is associated with elevated troponins. There have been reports
suggesting the syndrome is caused by increases in catecholamines, and it is
argued that the cardiac apex may contain more β-receptors than other parts
of the heart. Several studies have also shown that there is reduced blood flow
to those areas despite normal coronary arteries. This has been confirmed with
reduced thrombolysis in myocardial infarction (TIMI) flow grades as well as
with echo and nuclear studies showing reduced perfusion in the areas that are
hypocontractile. One must be careful since hypercontractile areas would be
more perfused, and when one looks at perfusion in most circumstances, one is
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looking at relative perfusion; so increases in the hypercontractile areas and per-
haps some downregulation in the hypocontractile areas could lead to apparent
maldistribution of blood flow of a noncoronary etiology. Nonetheless, these
findings have led to the suggestion that some patients may have small vessel
disease as the potential etiology of their clinical syndrome of apical balloon-
ing. This is a syndrome which again is associated with elevated troponins and
needs to be kept in mind when patients present with apparent acute ischemia
and normal coronary arteries.

Case 3

An 85-year-old woman with a long history of aortic stenosis, who had been
followed for many years, presented with chest discomfort. She had not previ-
ously had syncope, congestive heart failure, nor angina, although in the past
year, her degree of aortic stenosis had increased to significant range with a
calculated valve area of 0.85 cm/m2. She presented on the day of admission
with chest discomfort typical of ischemic heart disease, mild hypotension, and
shortness of breath. By the time she got to the emergency department, her chest
pain syndrome had resolved and her ECG simply showed only left ventricu-
lar hypertrophy with ST–T wave changes. Her initial cTnT was less than 0.01
ng/mL but over the next 12 hours rose to as high as 0.68 ng/mL. Her phys-
ical examination was relatively unremarkable with a normal blood pressure,
with a slightly slowed carotid with a transmitted murmur to the neck that was
typical of the murmur of aortic stenosis in the elderly. Subsequently, cardiac
catheterization revealed severe aortic stenosis with a gradient of 74 and a valve
area of 0.77 cm/m2 and normal coronary arteries.

Discussion of Case 3

This is a common situation where troponin can be elevated. Patients who
have left ventricular hypertrophy are at risk for “supply–demand’’ ischemia
even in the absence of overt coronary disease due to what some have called a
“vulnerable subendocardium.’’ Very often, coronary disease complicates aor-
tic stenosis since they have common predictive features and can exacerbate
this imbalance; but independent of that, the supply–demand relationships of
the subendocardium can lead to ischemia. This is in large part because per-
fusion from the vessels in the subendocardium is dependent on intracavitary
wall stress, which is increased in patients with decompensated aortic stenosis.
In addition, there are fewer vessels per gram of myocardium in hypertro-
phied myocardium. Landmark work years ago by Buckberg and associates
[12] has shown that increases in myocardial work as measured by the systolic
time pressure index go up markedly and the diastolic time pressure index,
a relative measure of perfusion, goes down, leading to ratios between these
measures of supply and demand that can be associated with increased lactate
production and ischemia. Aortic stenosis provides the model for this situation
but the pathophysiology may be much more wide spread. This mechanism is
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likely the etiology of ischemia/injury and elevated troponins not only with
aortic stenosis but with subaortic stenosis, hypertrophic cardiomyopathy, and
perhaps in patients with severe hypertension with or without complicating
arrhythmias. It is often difficult to tell why a particular patient may have an
elevated troponin, say with hypotension, hypertension, or with arrhythmias,
but one possibility could involve this mechanism of subendocardial ischemia.
The importance of it clinically is that one needs to at least consider that as a
possibility and then investigate the underlying etiology. If it is hypertrophic
cardiomyopathy, treatment may require β-blockers. If it is aortic stenosis, it
may well be surgical disease, and if it is hypo- or hypertension, it may relate to
the better control of blood pressure and obviation of abnormalities in diastolic
function. Nonetheless, this mechanism may undergird a substantial percent-
age of elevations of troponin due to ischemia in the absence of overt coronary
artery disease.
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CHAPTER 5

So you think you have a “false-positive”
troponin?

Jesse E. Adams

Introduction

Since the original observation in 1954 by Karmen et al. [1] of elevations of
serum glutamic oxaloacetic transaminase in the circulation of patients who
have suffered a myocardial infarction, markers of cardiac injury have become
pivotal in guiding the evaluation and treatment of patients with diverse medi-
cal conditions. Over the last decade, utilization of measurement of serial levels
of cardiac troponins (cTn) has supplanted measurement of levels of the MB
fraction of creatine kinase (MB-CK) as the blood-based test of choice for diag-
nosis of myocardial infarction, due to both superior sensitivity and specificity
for cardiac cellular necrosis. This evolution to a troponin standard as the pre-
ferred biomarker for the detection of myocardial necrosis was codified by a
joint statement from the European Society of Cardiology and the American
College of Cardiology in October of 2001 [2, 3].

A not so uncommon concern raised by clinicians regarding use of troponin
proteins is the uncertainty if a particular patient has an elevation that is felt to
be falsely positive. We should state at the outset that “false-positive’’ troponin
values are quite rare, and it must be understood that usually the elevation of
troponin protein is correctly indicating myocardial necrosis. In situations in
which a potential false-positive troponin result is being considered, it usually
is due to either greater sensitivity of the troponin testing when compared to the
sensitivity of the alternative diagnostic test, occurs when a patient has a disease
process that results in cardiac injury that does not require coronary artery
disease, or can occur due to analytic issues that result in a false determination
of the presence of troponin protein (Table 5.1).

Often the explanation of the apparent discrepancy between the results of tro-
ponin levels and other diagnostic testing lies in the relative superior sensitivity
of cTn testing for small degrees of cardiac injury when compared to echocar-
diography, stress testing, or cardiac catheterization. Additionally, it must be
appreciated that there are diverse disease processes that have been found to
result in myocardial cell death that do not involve underlying coronary dis-
ease; a partial list is provided in Table 5.2, and many of these specific entities
are discussed in greater detail in the following chapters [4, 5].

59
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Table 5.1 Usual explanations for potential

“false-positive” troponin results.1 Troponin assay is more sensitive than the

other diagnostic test

2 Myocardial cell death has occurred but not

due to coronary artery disease

3 An analytic false-positive troponin result has

occurred

A brief review of myocardial ischemia and necrosis
pertinent to clinical practice

The spectrum of myocardial ischemia and necrosis as it applies to the clinical
presentation of patients with coronary atherosclerotic disease has often been
presented and will only be briefly reviewed here. Clinically, patients with
atherosclerotic coronary artery disease are usually classified as having stable
angina, unstable angina, non-Q-wave myocardial infarction, or Q-wave my-
ocardial infarction. Two biologic transition points are of critical importance:
first, an episode of plaque rupture, which leads to the transition from stable
to unstable angina; and secondly, the onset of irreversible myocardial cellu-
lar necrosis, which signals the transition from unstable angina to myocardial
infarction. It does not appear that plaque rupture will inevitably lead to the
development of the clinical presentation of acute coronary syndrome; many
patients have repeated episodes of plaque rupture before they transition to
unstable angina from stable angina pectoris [6]. It has been found that patients
who present for elective catheter-based interventions have areas of plaque rup-
ture and ulceration independent from the anticipated site of intervention [7].
Also, intravascular ultrasound studies have shown that patients who present
to the emergency department with acute coronary syndrome (ACS) will often
have multiple sites of plaque rupture distant from the “infarct-related vessel’’
[8, 9]. Additionally, there is evidence to suggest that many patients that we
classify as having unstable angina may have small amounts of myocardial
cellular necrosis below the current detectability of our assays. Conceptually,

Table 5.2 Potential etiologies of myocardial

injury and troponin elevations.
� Thrombotic occlusion of coronary arteries� Cardiac contusion� Anthracycline cardiac toxicity� Pulmonary embolism� Electrical shock� Synchronized cardioversion� Ablation therapy� Cardiac surgery� Ethenol septal ablation� Thyrotoxicosis� Pheochromocytoma� Congestive heart failure� Cocaine
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the transition from “unstable angina’’ to “non-ST-segment elevation myocar-
dial infarction’’ should occur when irreversible injury occurs to one cell. Our
current troponin assays do not have this degree of sensitivity. However, pro-
gressive improvement in the available troponin assays has led to an increasing
prevalence of those diagnosed with cardiac injury among those patients who
present with ACS, just as occurred during the transition from a less sensitive
marker (MB-CK) to troponin, increasing the clinician’s ability to detect finer
degrees of cardiac injury, which still have powerful prognostic significance
[10, 11].

Once irreversible injury to cardiac cells occurs, levels of cTn predictably in-
crease in the circulation with a typical delay of 6 hours. There is no evidence
that levels of cTn become detectable in the absence of myocardial cell death. The
cTnT molecule is usually released by itself, while the cTnI and cTnC molecules
are most often released as a dimer, but both provide analogous clinical infor-
mation in the majority of patients. Substantial modification of the troponin
complex occurs prior to release from the cardiac cell, which at this time is not
clinically useful but may allow for the development of future analytic assays
that would further improve their diagnostic performance.

Case 1

A 56-year-old male comes to the emergency room with a complaint of indi-
gestion that occurred shortly returning home after judging a chili cook-off.
The epigastric pain occurred approximately 3 hours prior to presentation and
lasted about 15–20 minutes. He has no history of heart disease, but he does have
a brother who had a myocardial infarction 2 years prior. He is overweight with
a body mass index of 28, has hypertension, and “borderline’’ diabetes mellitus.
He does not know his cholesterol.

On arrival in the emergency room he is in no distress. He related the pain had
been in his epigastrium, with no radiation, no associated nausea or diaphoresis,
no acid taste in his mouth, and went away shortly after he sat down and had a
glass of water. He has a history of gastroesophogeal reflux disease, and states
that he did not want to come to the emergency room but that his wife insisted.
His initial electrocardiogram (ECG) shows mild T-wave flattening in the lateral
leads along with voltage criteria for left ventricular hypertrophy. Laboratory
data were unremarkable except for a level of cTnT of 0.14 ng/mL (10% CV
cutpoint < 0.1 ng/mL). A repeat level of cTnT 4 hours later was 0.19 ng/mL,
while the next morning it was 0.12 ng/mL. His ECG the next morning was
unchanged from that obtained on admission.

It was decided to take the patient to the cardiac catheterization laboratory
due to his having “ruled in’’ for myocardial infarction by serial levels of tro-
ponin. However, at cardiac catheterization only “mild disease’’ was found in
the circumflex and left anterior descending coronary arteries, and there was
concern on the part of the invasive cardiologist as to whether the troponin
levels were correct.
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Discussion of Case 1

This is one of the most common situations that result in diagnostic insecu-
rity on the part of clinicians—a patient whose story is not diagnostic with
modest elevations of troponin protein but no corroboratory evidence on ECG,
stress test, and/or cardiac catheterization. Currently, patients who present to
the emergency department with complaints of chest discomfort are evaluated
with a series of other diagnostic tests, often with a protocol-driven approach.
After the initial diagnostic paradigm is utilized (preferably utilizing serial mea-
surements of cardiac biomarkers and ECGs, with a concurrent assessment of
the patients’ pretest likelihood of disease) many patients will subsequently
undergo either stress testing and/or coronary angiography. Discordant re-
sults between troponin testing and further diagnostic testing, especially with
troponin elevations not corroborated by “significant’’ abnormalities on stress
testing, echocardiography, and/or cardiac catheterization, have frequently re-
sulted in challenges to the veracity of the diagnostic information provided by
troponin testing. To address this requires in part a cogent understanding of the
limitations of both stress testing and cardiac catheterization as well as issues
particular to troponin assays.

A full review of stress testing is beyond the scope of this chapter or text,
but suffice it to say that stress testing can be successfully performed via many
different protocols. All patients who undergo stress testing will have electro-
cardiographic monitoring during the procedure. Attention will be paid to the
presence or absence of ST-segment changes, which can indicate inducible car-
diac ischemia. Unfortunately, the sensitivity and specificity of a stress ECG is
incompletely robust for the detection of coronary artery disease. The sensitiv-
ity of a stress ECG is in the neighborhood of 60–65%, with a specificity for the
detection of a 50% stenosis or greater on concurrent cardiac catheterization of
60–65%. Imaging modalities such as nuclear imaging or echocardiographic vi-
sualization are routinely utilized, which improve the sensitivity and specificity
for the detection of cardiac disease. Conjoint imaging with echocardiographic
visualization can be performed with both exercise stress and pharmacologic
studies. The addition of nuclear imaging or echocardiographic imaging to a
stress ECG evaluation improves both the sensitivity and specificity for the
detection of coronary artery disease and subsequent cardiovascular risk.
However, even with the addition of nuclear imaging or echocardiographic vi-
sualization the diagnostic performance of published studies have documented
sensitivities and specificities of 80–85% for the detection of coronary artery
disease, usually defined as stenosis of one or more coronary arteries greater
than 50% [12, 13]. Thus, with sensitivities of this range, it must be expected that
at times there will be patients who have had myocardial infarctions that will
not be detected by stress testing. Most clinicians are aware and accept these
limitations of stress testing and are not concerned when there is discordance
between the results of the stress test and troponin values.
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However, discordance between the results of cardiac catheterization and
troponin testing is another issue. Clinicians at time have been quite concerned
when there is discordance between troponin testing and cardiac catheteriza-
tion, with troponin elevations but a lack of high-grade disease documented
on the angiogram. This is both due to the fact that cardiac catheterization is
frequently performed (rather than stress testing) when troponin elevations are
found and cardiac catheterization is often viewed as the “gold standard’’ for
the detection of atherosclerotic disease. A cardiac catheterization is performed
via the introduction of radiopaque contrast into each of the epicardial coro-
nary arteries, producing a “lumenogram’’ that can demonstrate obstruction or
atherosclerotic impingement on the coronary lumen. While cardiac catheteriza-
tion is often viewed as the gold standard, it has several important limitations,
especially when applied to a population of patients who present with ACS.
First and foremost, Topol and Nissen have described in great detail the limita-
tions of a diagnostic cardiac catheterization for the detection of plaque rupture,
intra-plaque hemorrhage, or plaque erosion [14]. It is rare in studies involv-
ing cardiac catheterization for these lesions to be detected. Yet intravascular
ultrasound studies have consistently found that ruptured plaque is frequently
present in patients who present with ACS [9, 15]. Plaque disruption is present
not only in the “infarct-related’’ vessel, but in other locations within the epi-
cardial coronary tree as well. Additionally, we know that patients who present
with chest discomfort due to ACS frequently have thrombus formation at the
site of plaque disruption. Thrombus can be missed by cardiac catheterization
due to several reasons. First, the thrombus can be laminar and not visual-
ized by the angiogram. Second, the thrombus can be within the plaque due
to intra-plaque hemorrhage and not intralumenal, again not amenable to vi-
sualization by the angiogram. Third, our usual standard of care for patients
with ACS includes rapid use of anticoagulant and antiplatelet strategies; any
delay in performance of the cardiac angiogram will decrease the sensitivity for
detection of the thrombus. All of these influences will decrease the sensitiv-
ity of cardiac catheterization to detect lesions in patients with ACS. A current
appreciation of the complexity of the pathobiology of atherothrombosis and
ACS requires an understanding (and ultimately detection) of the vessel wall
pathology, and in this aspect both stress testing and cardiac catheterization
are lacking. It should thus be anticipated by clinicians that patients with acute
coronary syndromes would at times have cardiac catheterizations that would
show a lack of high-grade stenosis.

This patient presented with a combination of risk factors for coronary artery
disease and developed a rising and falling pattern of cTnT in the setting of
chest discomfort. Thus, he meets the criteria set out in the 2001 definition for
myocardial infarction; he should be viewed as having had a non-ST-segment
myocardial infarction [2]. The lack of a “significant’’abnormality demonstrated
on cardiac catheterization is understandable in light of the above discussion;
it is likely that had intravascular ultrasound been performed on this patient,
an acute plaque rupture would have been demonstrated. Appropriate medical
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therapy should be instituted and aggressive risk factor modification is indi-
cated.

Case 2

A 62-year-old female with a history of “mild’’ coronary arterial disease treated
with medical therapy was an unrestrained driver in a two-car collision and was
brought to the emergency room. She was conscious and had a blood pressure
136/68 mm Hg, heart rate 96 beats/min, and a respiratory rate 18 breaths/min.
She complained of pain in her chest and left wrist. Radiography found a left
wrist fracture as well as a fracture of the sternum. No other injuries were
present. An ECG showed normal sinus rhythm with a left anterior fascicular
block and T-wave flattening in the lateral leads. Laboratory data on arrival were
entirely normal; the troponin I value was <0.03 ng/mL (normal <0.03 ng/mL).
The patient was admitted for treatment of her injuries and observation. A tro-
ponin level obtained 6 hours later was elevated at 1.78 ng/mL and the next
morning had risen to 2.2 ng/mL. An echocardiogram was performed and
showed a mildly enlarged right ventricle with free wall hypokinesis, trace tri-
cuspid regurgitation with a calculated pulmonary arterial pressure of 22 mm
Hg, normal left ventricular size and function with an ejection fraction of 65%,
and normal valvular structure and function. The patient continued to complain
of chest pain. Because of her history of coronary arterial disease, the positive
troponin values, and the uncertainty as to whether her chest pain was due to
angina or the sternal fracture, the patient was taken to the cardiac catheteriza-
tion laboratory where no change in her mild coronary artery disease was found.

Discussion of Case 2

This is a classic case of a patient with a cardiac contusion and represents one
of the many situations where myocardial cell death is understood to occur but
in which no evidence of a culprit lesion in the coronary anatomy is expected
to be found. A fundamental issue that can at times obfuscate the clinical in-
terpretation of troponin elevations is the fact that levels of cTn will increase
after myocardial cellular injury regardless of the cause. Many disease states not
associated with myocardial infarction have been found to have small degrees
of cardiac injury and can be associated with elevations of troponin proteins
(see Table 5.1). Troponin elevations can be seen in these illnesses for several
reasons, which can occur concomitantly. First, the disease process can directly
cause damage to the cardiac myocytes as is the case here. Secondly, some ill-
nesses can cause a sufficiently prolonged supply–demand mismatch to result in
irreversible cardiac injury. Finally, if a patient has underlying atherosclerotic
disease, there is less cardiac circulatory reserve and a myocardial infarction
can occur in the setting of increased myocardial oxygenation demand during
acute systemic illness. Thus, troponin elevations in situations such as sepsis,
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pulmonary embolism, cardiac contusion, and the like can cause diagnostic dif-
ficulties if the clinician does not understand the mechanism of troponin release
and the contemporary understanding of these situations.

Cardiac contusion occurs due to blunt trauma that produces concussive
injury to the myocardium. Generally, this is due to blunt trauma to the ante-
rior chest wall and results in injury to the right ventricle (due to compressive
deceleration injury against the sternum). In cardiac contusion, it has been ap-
preciated for many years that damage to the myocardium can occur and that
cardiac contusion can complicate the immediate care of these patients. Previous
work with MB-CK demonstrated that accurate detection with this analyte was
compromised by the interference with skeletal muscle injury [16, 17]. Animal
models have shown that damage to the heart by direct blunt trauma in experi-
mental models results in cardiac cell death and subsequent release of cTn into
the circulation [18]. Interestingly, small amounts of cardiac injury have been
shown to result in transient elevations of cTn, while more significant injury re-
sults in prolonged elevations of cTn as seen in patients with acute myocardial
infarction [19]. In addition, animal models have demonstrated that the degree
of elevation of cTnI and cTnT found after graded cardiac contusion correlates
with the delivered force and the amount of injury documented on histologic
examination [20]. Levels of cTnI have been measured in patients who present
with blunt chest wall trauma; elevations of cTn have been found to corre-
late with those patients more likely to have deleterious clinical events, while
those patients without troponin elevations by 6 hours are unlikely to have
clinically significant cardiac contusion or future cardiac events [21]. Indeed,
investigators have stressed the usefulness of troponin testing in conjunction
with electrocardiography for the exclusion of cardiac contusion, obviating the
need for further testing (specifically avoiding the need for subsequent echocar-
diography) [22]. Additionally, levels of cTn appear to be more sensitive for the
detection of cardiac injury than biplane transesophageal echocardiography; all
patients with wall motion abnormalities detected by biplane transesophageal
echocardiography have been found to have elevations of troponin, while lower
degrees of troponin positivity are not found to correlate with detectable ab-
normalities on echocardiography [23]. It must be remembered, however, that
echocardiographic visualization of the heart yields diagnostic information on
injuries that may not be associated with troponin elevations.

Thus, this patient had elevations of cTn that correctly indicated damage to
myocardium. However, this was not due to underlying atherosclerosis. Studies
of patients with cardiac contusion find that the right ventricle is the most often
affected ventricle (due to its location behind the sternum and deceleration
injury to the right ventricle against the inside of the sternum). Additional
pathologic studies on patients who have died of cardiac contusion have found
pathologic evidence of direct injury as well as contraction band necrosis in the
right ventricle with normal coronary anatomy and no atherosclerosis in the
right coronary artery. Thus, clinicians should not be concerned with a disparity
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of troponin elevations and the presence of coronary artery disease, and should
understand that elevations of troponin only indicate cardiac cell death without
indicating a pathologic cause. The presence of elevations in troponin protein
is indicative of increased short-term risk and the patient should be managed
accordingly.

Case 3

A 29-year-old farmer presented to the emergency department with a complaint
of chest pain. Upon questioning by the emergency department physician, the
patient related that the pain was constant, had started over the weekend, and
was worse when he lifted objects or raised his arms over his head. Additionally,
the patient related that his wife had given him a new gym membership and
he had lifted weights for the first time since he had graduated from college,
yet had followed the same weight program that he had used when he played
college football.

His physical examination was remarkable only for diffuse chest pain in the
left pectoralis muscle. Pressure at this point or pushing with his left arm against
resistance reproduced his pain. The patient had no cardiac history and no
cardiac risk factors. The emergency room physician diagnosed the patient as
having a muscle strain involving his left pectoralis muscle and prepared to
discharge the patient with an appropriate therapy, but the nurse then reported
that his level of cTnI (drawn on arrival per protocol in this patient with “chest
pain’’) was elevated with a value of 1.4 ng/mL (10% CV cutpoint<0.03 ng/mL).
An ECG was obtained and was normal, but because of the troponin elevation
he was admitted for observation. His chest pain was relieved by local heat
and Naprosyn. Subsequent ECGs remained normal; serial troponin I mea-
surements obtained every 4 hours were 1.40 ng/mL, 1.38 ng/mL, 1.44 ng/mL,
and 1.40 ng/mL. A repeat troponin performed 5 days later returned a value of
1.42 ng/mL. A measurement of cTnT was sent on the fourth sample and was
undetectable.

Discussion of Case 3

In the first two cases, we discussed patients that had elevations of troponin in
which the troponin measurements correctly indicated damage to myocardium,
the first with acute coronary syndrome and the second with cardiac contusion.
In this case, the patient has no symptoms that would indicate cardiac injury.
Based on the clinical history provided, the patient’s pretest likelihood of having
coronary artery disease is low. When the patient presented to the emergency
department with chest pain, he was felt to have chest wall pain. When the
initial level of troponin returned with an elevated level, the patient was ad-
mitted overnight for monitoring and serial measurements of troponin. Once
the levels of troponin returned with essentially identical results, the concern of
the patient’s clinicians for acute coronary syndrome decreased and the patient
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was discharged home. The patient had a later follow-up sample sent as well
as the measurement for cTnT (since the hospital utilizes cTnI as the standard
measurement) to confirm the presence of a false-positive troponin result.

Cardiac troponin assays are two-site “sandwich’’assays with a “capture’’an-
tibody that captures the troponin molecule and fixes it to the analytic surface,
and a separate “tag’’ antibody that serves as the detector [24]. Human antiani-
mal antibodies can arise in a variety of situations and are seen in clinical practice
as IgM, IgG, IgA, and occasionally IgE [25]. Often the term “heterophile an-
tibodies’’ is used in this situation as the specific initial antibody challenge is
usually not defined. False-positive troponin levels due to heterophile antibod-
ies have been reported for every troponin assay; oftentimes a specific antibody
will affect more than one analytic assay. Elevations of cTn due to heterophile
antibodies should be considered when a patient presents with a troponin ele-
vation that manifests a nonevolving pattern (there is a lack of the typical “rising
and falling’’ pattern seen in patients who present with myocardial infarction).
Obviously, consideration of a heterophile antibody causing a false measure-
ment of cTn will only occur if serial measurements of troponin are routinely
performed. The strategy, employed by some laboratories, of stopping collec-
tions of troponins in patients as soon as the first sample turns positive must be
discouraged.

Once a false-positive troponin elevation is suspected, serial measurements
beyond the usual 8–16 hours time frame should be obtained. Communication
by the clinician with the laboratory is critical; the laboratorian can then employ
several techniques to define if a heterophile antibody is present, often both by
analyzing the sample with alternative troponin assays as well as by adding
various human antianimal antibody blocking agents to the sample and then
reanalyzing for the level of troponin present.

In this patient, the presence of a heterophile antibody was confirmed in
the initial sample by the use of blocking agents; subsequent analysis showed
the presence of a human antimouse antibody. The patient’s occupation as a
farmer may well have facilitated this antibody development. The patient was
counseled as to the presence of this antibody and the effect that it would have
on troponin testing for an undefined future period (as heterophile antibodies
can persist for months or years). The patient was also given a card to carry in his
wallet with this information, with the recommendation of initial laboratorian
involvement if future troponin measurements were clinically necessary.

Conclusion

Clinicians are at times concerned that an elevated level of troponin in a partic-
ular patient is not correct. The most common occasions in which this occurs is
in situations where the sensitivity of troponin proteins is greater than the other
diagnostic test (including cardiolite stress tests, echocardiography, and diag-
nostic catheterization), other illness that results in myocardial cell death with-
out requiring decreased myocardial blood supply, and analytic false positives
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(see Table 5.1). Usually a careful attention to the patient’s history and pertinent
pathophysiology, the pattern of the troponin elevations (rising and falling pat-
terns that would be consistent with myocardial cell death versus persistent
elevations or a single isolated marked elevation with otherwise normal val-
ues), and a determination of the patient’s pretest likelihood of disease will
usually resolve any questions. It must be remembered that in the majority of
the time the results of troponin testing are providing robust prognostic infor-
mation regarding the patient’s status. It should be rare that with a consideration
of the above issues that a clinician cannot comfortably resolve any questions
regarding troponin results.
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CHAPTER 6

Use of cardiac troponin in patients in
non-ischemic pathologies and exposure
to environmental toxins

Fred S. Apple

Case 1

A 16-year-old male with no previous history of coronary artery disease was
found unconscious in a closed-door garage with the car engine running. The
maximum time the patient could have been exposed to the exhaust fumes
was 3 hours. When emergency personnel arrived, no gross trauma was identi-
fied. The patient was unresponsive to verbal stimuli, pupils were pinpoint and
unreactive bilaterally, heart rate was tachycardic, decerebrate posturing was
present, and Babinski signs were upgoing bilaterally. The patient was placed
on 100% oxygen, transferred to the emergency department, sedated, and in-
tubated. Carbon monoxide (hemoglobin) concentration at this time was 31%
and the patient was metabolically acidotic. Chest X-ray showed no infiltrates
or pneumothorax. The ECG showed nonspecific anterolateral ST–T abnormal-
ities in leads I, a VL, and VW-V6. The patient was transferred to the hyperbaric
chamber for two sessions of 90 minutes at 2.4 atm. Clinical neurologic assess-
ment demonstrated diffuse anoxic metabolic encephalopathy, and a CT scan
revealed diffuse decreased attenuation in white matter and globus pallidus
consistent with CO poisoning. At presentation (see table), cTnI was within
normal limits (<0.3 μg/L) but increased to 2.2 μg/L over time.

Post exposure (h) Total CK (URL 300 U/L) cTnI (URL < 0.3 μg/L)

3.5 3178 0.03

10.5 4013 1.7

16.5 4629 2.2

24.5 4332 1.9

Case 2

The patient, a 44-year-old male, is admitted to the hospital with a 2 week history
of recurrent upper chest pain. The patient had been in excellent health, and
is both a nonsmoker and a coffee drinker. He has a known history for 5 years

70



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:5

Use of cardiac troponin in patients 71

of elevated total cholesterol, ranging from 230 to 260 mg/dL. He has been
a jogger (20–30 miles per week) for 2–3 years, and has been training for his
first marathon (26.2 miles). On the day prior to admission, he was running the
Twin Cities Marathon, when at 22 miles he developed chest pain which forced
him to stop and walk for 3–5 minutes during which time the pain resolved.
He completed the run in 4 hours and 20 minutes, 45 minutes slower than
anticipated. After the race he went home. On the day following the race, he was
being seen in his doctor’s office for his yearly routine scheduled physical, prior
to leaving on a vacation. However, his ECG was normal, but he was admitted
for a rule out MI (myocardial infarction) workup based on his symptoms of
chest and elbow pain. During his 20 hours in the hospital, and although he was
ruled out for an MI based on his ECG and normal echocardiogram, his cTnT
values, increased above the 99th percentile (<0.01 ng/mL), were as follows:
0 hour at presentation 0.02 ng/mL, 6 hours 0.02 ng/mL, 12 hours 0.01 ng/mL.
During this time his total CK values were 3520 U/L, 2220 U/L, and 1065 U/L,
respectively. He was given the diagnosis of exertional strain of the heart post-
extreme exercise (marathon race) and scheduled for a return visit for 6 months.

Case 3

A 43-year-old female with no past medical history of any pathology or drug
or alcohol use is admitted 1.5 hours after acute chest pain at 2350 hours. Her
presenting ECG shows an ST elevation with sinus tachycardia, with at rate
at 165. While giving a history, she admits to snorting cocaine 2 hours prior
to presentation, during which her acute onset of chest pain occurred almost
immediately. She was emergently taken to the catherization laboratory, during
which time her ECG normalized prior to angiography. At angiography none
of her coronaries showed evidence of occlusion. The final diagnosis was MI
secondary to cocaine induce vasospasm. The laboratory findings for her cardiac
biomarkers were as follows.

Time (h) Total CK (U/L) cTnT (ng/mL) CKMB (ng/mL)

Presentation 450 0.09 14.0

5.3 874 0.89 76.0

15.5 2516 4.89 221

Discussion of Cases 1, 2, and 3

We have learned a great deal over the past 6–10 years pertaining to the valu-
able role that cTnI and cTnT play in defining evidence of myocardial necrosis
when increased above the 99th percentile reference limit [1–4]. Determining the
pathologic etiologies responsible for cardiac troponin (cTnI or cTnT) increases
can be frustrating for many clinicians in their attempt to properly interpret their
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clinical value. We now know that an acute MI is predicated on an increased
cardiac troponin above the 99th percentile reference limit in the clinical set-
ting of ischemia; with either a rising or fall pattern on serial samples obtained
over a 6–12 hour time period after the index clinical event. Further, as the ana-
lytical quality of cardiac troponin assays have improved (i.e., second-, third-,
and fourth-generation assays now measure values at <20 pg/mL), assays are
detecting smaller and smaller amounts of myocardial cell necrosis; including
patients with etiologies that are not ischemia and not acute coronary syndrome
based. Table 6.1 is representative of a list of pathologies responsible for cardiac
cell death resulting in increases of cTn that are not ACS. In addition, the newer
generation assays demonstrate a clinical specificity of approximately 75–85%
in patients presenting to rule out ACS and MI. This shows that 15–25 patients
out of 100 who have an increased cTn above the 99th percentile reference limit
do not have an MI, but need to be worked up for another clinical etiology. Fur-
ther, as shown in Table 6.1, it is also well documented that in the large majority
of non-ischemic causes for increased cardiac troponin, values are associated
with adverse clinical outcomes. Therefore, the important clinical question re-
garding an increased cardiac troponin in a non-ischemic setting, where an MI

Table 6.1 Diagnostic pathologies associated

with increased cardiac troponin concentrations

without an ischemic presentation and in the

absence of acute coronary syndromes.

1 Congestive heart failure*

2 Trauma, cardiac contusion

3 Cardioversion, electrical defibrillation

4 Pulmonary embolism, edema*

5 Sepsis, septic shock*

6 Myocarditis

7 Exercise, vital exhaustion

8 Stroke*

9 Non-cardiac, vascular surgery

10 End-stage renal disease*

11 Hypertension

12 Hypotension

13 Critically ill intensive care patients*

14 Aneurysmal subarachnoid hemorrhage

15 Drugs of abuse toxicity, including ethanol

16 Chemotherapy

17 Heart surgery, transplantation

18 Polymyositis, dermatomyositis

19 Cardiomyopathy

20 Rhabdomyolysis, trauma (non-chest)

21 Hematologic malignancies

22 Acute pericarditis

23 Amyloid cardiomyopathy

24 Idiopathic dilated cardiomyopathy

25 Neonates

26 Lung disease

*Literature evidence for role of cardiac troponin

for risk stratification for short- and or long-term

adverse outcomes.



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:5

Use of cardiac troponin in patients 73

is not in the differential, is when to decide to “chase’’ these values to provide
appropriate clinical care for the patient.

The earliest report that identified hospitalized patients without acute MI
that had increased cTnT concentrations was in 79 patients randomly sampled
within 12 hours of admission from medical and surgical units [5]. cTnT in-
creases ranged from 0.13 μg/L to as high as 7.8 μg/L (normal ≤ 0.1μg/L) in
a varied group of pathologies, including lung cancer, drug overdoses, small
bowel obstruction, stroke, end-stage renal disease, pneumonia, and sclero-
derma. Over the past 20 years since this report, numerous case reports and
clinical studies have carefully demonstrated that cTnT and cTnI are the pre-
ferred specific biomarkers to detect myocardial injury [6] in the clinical setting
of non-myocardial ischemic presentations. This chapter briefly reviews the lit-
erature for studies and case presentations of non-ischemic presentations that
have documented increased cardiac troponins. Clinicians need to recognize
that an increased cardiac troponin does not necessarily equate to acute MI and
does not indicate a false positive finding. The challenge for a differential diag-
nosis rests in the understanding that cardiac troponin increases mean “think
heart.’’

Miscellaneous pathologies
Cases of cTnI and/or cTnT increases have been reported in a wide variety
of miscellaneous pathologies indicating myocardial injury secondary to the
primary diagnosis. These include aneurysmal subarachnoid hemorrhage [7],
polymyositis/dermatomyocytis [8], rhabdomyolysis/skeletal muscle injury
not involving the chest [9], hematologic malignancies [10], acute pericardi-
tis [11], and lobar lung disease [12]. In one of the most interesting observations
reported, cTnI was preserved through time, with immunoreactivity found in
mummified abdominal tissue from Horemkenesi, a craftsman excavating and
decorating the tombs of the Pharaohs (c. 1050 bc), who died of a heart attack
[13].

Drug-induced myocardial damage
Observations regarding cTn increases in (a) patients treated with certain types
of antineoplastic agents, (b) patients presenting to hospitals following alcohol
and drug abuse, and (c) therapeutic drug-induced cardiac toxicity have been re-
ported [14]. Both acute (within hours) and chronic (days to weeks) myocardial
toxicity effects (including ischemia, arrhythmias, myocarditis, pericarditis, car-
diomyopathy, and MI) following dosing of the anthracyclines 5-fluorouracil,
doxorubicin, and daunorubicin have resulted in both minimal and large cTnI
increases. Reports have documented both a medication dose-dependent type
of myocyte injury being responsible for troponin increases, even without elec-
trocardiographic or echocardiographic findings. Numerous drugs of abuse
have also been associated with increases of cTn, without evidence of ischemia.
These include heavy alcohol consumption, cocaine and amphetamines, CO
exposure, theophylline overdose, propofol, snake bites, and during treatment
with fluvastatin [15–17].
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Heart failure
Increased concentrations of cTnI and cTnT have been found in patients with
congestive heart failure (CHF). CHF is a dynamic process with spontaneous,
progressive severity, and is structurally characterized by cellular degeneration
and multiple foci of myocardial cell death. The specific underlying mechanisms
remain unclear. In the majority of HF patients studied, cardiac troponins were
detected in patients with advanced CHF predominantly involving New York
Heart Association (NYHA) III and IV classifications [18].

Trauma
Both cTnI and cTnT have been shown to be increased in trauma patients, es-
pecially following cardiac contusion. In the large majority of cardiac trauma
patients studied, small to moderate increases in cTn are found, implying that
the extent of injury is small in the majority of patients. Monitoring cTn was able
to differentiate the majority of patients who demonstrated isolated increased
CKMB values which were indicative of skeletal muscle damage. In one repre-
sentative study of 44 blunt chest trauma patients, 37 of these trauma patients
without cardiac contusion had CKMB increases without cTnI increases [19].
In the six patients with evidence of cardiac injury by echocardiography, all six
had increased cTnI values, based on serial sampling over 24 hours following
presentation.

Electrical cardioversion therapy
Minor increases of both cTnT and cTnI following direct-current cardioversion
in patients presenting with atrial or ventricular fibrillation occur in less than
50% of patients [20]. It appears that the percentages of patients reported with
increases are dependent upon what cardiac troponin concentration was used as
a reference cutoff. Overall, the data suggest occult, asymptomatic myocardial
injury can occur following electrical cardioversion, and does not appear related
to the number of shocks or to the amount of energy delivered.

Pulmonary emboli
Both cTnT and cTnI have been shown to be increased in more than one third to
one half of patients clinically diagnosed with pulmonary embolism, although
the number of patients studied are small (N < 200) [21]. cTnI helped to identify
patients with right ventricular dysfunction who had a greater amount of lung
defects and was associated with poor long-term survival and provided an inde-
pendent prediction of mortality in patients with acute cardiogenic pulmonary
edema.

Sepsis
Numerous reports have established that both cTnI and cTnT are biomarkers
of myocardial injury in sepsis and septic shock. Septic patients presenting to
both tertiary care, urgent care, and intensive care settings, without known doc-
umented heart disease demonstrate, in 50% of cases, increased cTn findings.
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The mechanism responsible for the microbiological role for causing minor my-
ocardial damage is not completely understood. Patients presenting with worse
left ventricular function showed greater increases of cTn, and were often older
compared to those with normal cTn values [22].

Myocarditis
Several studies have established that cTnI and cTnT detect myocyte injury in
myocarditis [23]. cTn monitoring provided sensitive evidence of clinically sus-
pected myocarditis in the first month after the onset of heart failure symptoms.
However, it has been shown that negative results do not exclude the presence
of the disease.

Stroke
The relationship between cTnT concentrations at hospital admission and mor-
tality in patients admitted with an acute ischemic stroke has been established
[24]. In one study of 181 patients admitted over 9 months, cTnT concentrations
monitored over 72 hours after admission demonstrated that a peak cTnT level
>0.1 μg/L had a 40% risk of mortality versus 13% for patients with a normal
value, with a relative risk of death of 3.2.

Non-cardiac surgery
Numerous studies have now confirmed the successful role of monitoring either
cTnI or cTnT during or post non-cardiac surgery to detect a perioperative MI.
In one study of 96 patients undergoing vascular surgery, serial cTnI monitoring
confirmed eight patients who had new cardiac abnormalities detected during
echocardiography [25]. cTnI monitoring differentiated the high incidence (19%)
of false positive CKMB increases associated with skeletal muscle release of
CKMB. Routine postoperative monitoring of cTnI and cTnT has also identified
patients following vascular surgery who had an increased risk for short-term
mortality.

Critically ill
cTnI has long been recognized as an independent biomarker of mortality
among critically ill patients. The initial observational study examining 209
admissions to a medical and respiratory intensive care unit, showed that 32
(15%) had an increased cTnI [26]. However, only 12 of these 32 patients (37%)
were recognized by the medical staff; with 20 patients (63%) unrecognized
without the assistance of cTnI. Mortality in patients with increased cTnI was
40% compared to 15% in patients with normal troponin values. These findings
were confirmed in a study that associated increased short-term mortality in
non-cardiac ill emergency department patients [27].

Exercise
Several studies have observed cTnI and cTnT increases in highly trained young
and older athletes during training and following athletic competition. The
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majority of reports have addressed marathon runners and triathletes [28, 29].
The early literature confounded the presence of increased CKMB in athletes
with myocardial injury; dispelled with the evidence that CKMB enriched skele-
tal muscle, injured during intense exercise, was responsible for the increased
serum CKMB values. Substantial cTn increases have been reported as fol-
lows: ultracyclists (cTnI increase in 34% of 38 participants); 6 of 23 Ironman
triathletes, along with abnormalities in their echocardiogram; cTnT and cTnI
increases in over 10% of marathon runners evaluated in at least five different
studies within 6–24 hours post race; increases in cTnT in arduous training mil-
itary recruits. Extreme exercise using 3–5 hours of forced swimming in a rat
model showed substantial increases in cTnT that corresponded with histolog-
ical evidence of localized myocyte damage [30]. However, in human subjects,
studies have demonstrated normal post-race quantitative antimyosin myocar-
dial imaging in asymptomatic marathon runners (excluding silent myocardial
cell necrosis by imaging), even in presence of increased cardiac troponin evi-
dence of myocardial cell death. Long-term risk stratification or outcome studies
in these apparently health endurance athletes have not been examined, as it
is difficult to catch up to these individuals, and keep them in one place long
enough to evaluate.

Newborn infants/pediatrics
cTnT and cTnI concentrations have been described in cord blood and for ref-
erence determinations in newborns and pediatric patients. In one study, 12 of
209 neonates showed increased cTnT levels at the time of delivery. Increases
were associated with exposure to magnesium sulfate therapy to the mother
prior to birth [31]. It has been suggested that infants with respiratory distress
at birth had increased cTnT levels. In a study of 18 infants, it was shown that
gestational age and birth weight influenced cTnI levels, with preterm infants
having higher cTnI values. In older pediatric patients, up to 29 months, cTnI
values are generally not increased.

End-stage renal disease
Cardiac disease is the major cause of death in patients with end-stage renal
disease (ESRD), accounting for approximately 45% of all deaths. In dialysis
patients, about 20% of cardiac deaths are attributed to acute MI. One chal-
lenge confronting the nephrology community is to explore more aggressive
treatment modalities for cardiovascular disease in these patients. Recent evi-
dence demonstrates that serum or plasma cTnT and cTnI are important predic-
tors of long-term, all-cause mortality, and cardiovascular mortality in patients
with ESRD [32]. Cardiac troponin increases are not a spurious finding, as the
biomarker is indeed elevated. Troponin elevations detected in outpatient dial-
ysis patients are a powerful predictor of all-cause mortality for cTnT and cTnI.
Elevated versus normal cTnT defined by the 99th percentile cutoff was asso-
ciated with a two- to fourfold increased risk of death over 2–3 years. Several
studies substantiate the cTnT, cTnI difference observed in rates of increases,
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and demonstrate differences between different cTnI assays [33]. Using 99th
percentile cutoff, 85% (n = 339) of cTnT versus only 5–19% (n = 20–76; Dade
cTnI versus Beckman cTnI assays) of cTnI concentrations were increased. Ad-
ditional studies are needed to elucidate the mechanism responsible for the
cTnI/cTnT differences found in ESRD patients. Regardless of the mechanisms
of myocardial injury in ESRD patients, findings continue to substantiate and
add to the growing literature demonstrating the prognostic power of cardiac
troponin testing for predicting mortality in ESRD patients. One plausible, cost-
effective scenario is the developing role of outpatient cardiac troponin test-
ing. Incorporation of quarterly or semi-annual cardiac troponin monitoring in
ESRD patients may assist in initiating more aggressive treatment of underly-
ing CAD, detection of subclinical myocardial injury, and assist in treatment
therapies before renal transplantation.
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CHAPTER 7

Cardiac troponins in patients
with congestive heart failure

Jesse E. Adams

Introduction

Markers of cardiac injury have become pivotal in guiding the evaluation and
treatment of patients with diverse medical conditions, and over the last decade,
utilization of measurement of serial levels of cardiac troponins has supplanted
measurement of levels of the MB fraction of creatine kinase (MB-CK) as the
blood-based test of choice for diagnosis of myocardial infarction, due both
to superior sensitivity and specificity for cardiac cellular necrosis [1]. This
evolution to a troponin standard for the detection of myocardial necrosis was
codified by a joint statement from the European Society of Cardiology and the
American College of Cardiology in October 2001 [2].

However, increased utilization of cardiac troponins has generated contem-
porary controversies regarding unanticipated elevations of troponin proteins.
Challenges and adjustments are a normal part of the evolutionary progression
in the clinical application of cardiac biomarkers, and we have seen this in re-
gards to troponin measurements when applied in diverse clinical situations
beyond the central application of troponin testing in patients with chest dis-
comfort. Many of these specific situations are explored in additional chapters
of this book.

Congestive heart failure (CHF) is the most common cardiac admitting diag-
nosis in the United States, and the incidence of CHF is increasing worldwide.
Many patients will present to their physicians or to emergency departments
with a primary complaint of dyspnea, sometimes with an additional compo-
nent of chest discomfort. In some of these patients the diagnosis of CHF is
overt, while in other patients who present with dyspnea a much wider range
of diagnostic possibilities must be entertained. In all of these patients blood-
based markers are a key component of a contemporary diagnostic approach,
and troponin measurements will often (and appropriately) be obtained in such
patients. Elevations of troponin will occur routinely in patients who present
with a diagnosis of CHF and at times result in diagnostic uncertainty.

Case 1

A 54-year-old Hispanic female presents to the emergency department with
complaint of increasing dyspnea of 5 day duration. She has noted increasing
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lower extremity edema as well as orthopnea, but denies chest discomfort.
She has a history of an ischemic cardiomyopathy with an ejection fraction of
25%. Six months ago she had a positive stress test; a cardiac catheterization
showed three-vessel coronary arterial disease with four out of four patent
bypass grafts. Her current medical therapy consists of enteric-coated aspirin
81 mg daily, lisinopril 20 mg daily, carvedolol 12.5 mg twice daily, digoxin
0.125 mg daily, lipitor 20 mg daily, and spironolactone 25 mg daily. She has
also been treated with furosemide and potassium but recently stopped this
diuretic because of frequent urination. Her exam is notable for a loud S3,
an elevated jugular venous pressure, bibasilar rales, and moderate bilateral
lower extremity edema. Her electrocardiogram shows mild T wave flattening
unchanged from her prior study. Samples obtained on admission yield a level
of BNP that is elevated at 982 pg/mL, but her cardiac troponin I is elevated at
0.26 ng/mL (99% cutpoint is 0.1 ng/mL). A repeat troponin level 4 and 8 hours
later shows no change.

Discussion of Case 1

The central question in interpreting the results of the troponin results in this
patient is whether the patient’s presentation is primarily due to CHF or to
acute coronary syndrome. The presence of elevations of troponin proteins is a
critical component of a contemporary diagnosis of acute myocardial infarction.
However, it must be understood that all troponin elevations do not equate to
a diagnosis of a myocardial infarction. Ultimately, troponin elevations must
be understood as indicative of myocardial cellular death, but the presence of a
single elevation of troponin does not speak to the cause of the cardiac cellular
necrosis.

Troponin elevations are well described in patients who present with CHF.
Typically, they manifest a lower degree of elevation, and usually demonstrate
a relatively “flat’’curve. There is usually little change over the time of the “rule-
out’’ serial measurements in contrast to the rising and falling pattern seen in
patients who present with an acute myocardial infarction. Troponin elevations
due to decompensated CHF are indicative of increased risk in the near term.
Troponin elevations in patients with CHF do not require the presence of under-
lying coronary arterial disease; such elevations can occur in patients with non-
ischemic cardiomyopathies as well. Indeed, various studies have found that
elevations of cardiac troponins are found in 10–25% of patients who present
with CHF. And while some have considered that elevations of troponin in pa-
tients who present with CHF could indicate underlying myocarditis, this has
not been found to be the case. While there are some data in patients who present
with myocarditis that indicate that brief troponin elevations do in fact occur,
troponin is not a sensitive diagnostic technique in patients with myocarditis.
It is believed that troponin elevations in patients with CHF is indicative of
ventricular and myofibrillar remodeling. And while some have suggested that
patients with CHF and elevations of troponin proteins may particularly benefit
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from implantation of a defibrillator, no data as yet are available to answer this
supposition.

Detection of elevated levels of cardiac troponins in the circulation of patients
who present with CHF corresponds both with a greater severity as well as
worsened prognosis [3]. Patients with CHF who manifest elevations of cardiac
troponins have a greater incidence of death, both in the short-term as well
as the long-term; they also have a greater rate of readmission as well. The
pattern of troponin elevation in this population is important as well; patients
with persistent elevations have a much greater incidence of cardiovascular
events when compared with those that demonstrate only transient elevations
on arrival.

Thus, this patient’s elevated levels of troponin protein were due to her
decompensated CHF, likely due to her cessation of her prescribed diuretics
complicated by dietary indiscretion. While she initially received anti-ischemic
therapy, these were discontinued by her primary cardiologist the next morning
after the serial troponin measurements were available and all treatment was
focused on her volume overload and CHF. She diuresed 11 pounds prior to dis-
charge with complete relief of her symptoms; medical and dietary compliance
was stressed as a necessary component for longer term success.

Case 2

A 52-year-old African American male presented to the emergency department
with a primary complaint of dyspnea. This patient had no prior cardiac history
but had not seen a physician for 12 years when he had had a vasectomy. Patient
had been feeling well until the day of presentation, when he developed severe
dyspnea as well as with activity. He has worked as a deliveryman for United
Parcel Service for 18 years, and has noted increasing fatigue lately. He denies
any chest discomfort but has been having “lots of heartburn’’ lately, both at rest
as well as during the day with activity, and he currently has this indigestion
feeling at presentation. His physical exam is noteworthy for obvious distress
and dyspnea, rales at the left base, jugular venous distention of 10 cm, and
an absence of lower extremity edema. His electrocardiogram demonstrates a
left bundle branch block; no prior electrocardiogram is available for review.
Initial blood work is unremarkable except for an elevated level of BNP of 672
and an elevation of cardiac troponin I of 0.18 ng/mL (10% CV cutpoint of
0.03 ng/mL).

Discussion of Case 2

In this patient it is not yet clear as to what is responsible for the conjoint ele-
vation of troponin and BNP. In the first case we discussed troponin elevations
that can occur in patients who present with CHF as the primary pathophysi-
ologic derangement. Conversely, levels of BNP can (and frequently do) occur
in patients who present with acute coronary syndrome. Unfortunately, since
BNP is sometimes viewed (erroneously) as simply a “test for heart failure’’
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patients with elevations of BNP are sometime immediately diagnosed with
CHF without a consideration of alternative diagnoses.

In this patient, the history would be quite unusual for decompensated
(chronic) CHF, and we must ascertain the etiology of the troponin elevation.
While a left bundle branch block can certainly occur in patients with left ventric-
ular dysfunction, it also is indicative of increased risk in patients who present
with acute coronary artery syndrome.

Because of the rapidity of the patient’s onset, his symptoms, the left bundle
branch block of unknown duration, and his cardiac risk factors, he was taken
emergently to the cardiac catheterization laboratory where severe three-vessel
coronary arterial disease including significant left main stenosis was found.
Hemodynamic stabilization and anti-ischemic therapy, including intra-aortic
balloon pulsation, were utilized and the patient underwent emergent coronary
artery bypass grafting.

In conclusion, in any patient who presents with dyspnea and is found to have
an elevated level of natriuretic peptide, the clinician must always consider if
the patient could have a primary ischemic presentation due to underlying
coronary artery disease.

Case 3

A 66-year-old male with a history of non-ischemic cardiomyopathy and an
ejection fraction of 20% by echocardiography 6 months prior presented to his
physician’s office with a complaint of worsened dyspnea, orthopnea, increased
lower extremity edema, and a gradual 15 pound weight gain. He had increased
his furosemide on his own but had continued to get worse. At this point he gets
short of breath when he walks across the room. Physical exam confirms the
weight gain as well as bilateral rales and jugular venous distention to 12 cm.
A point-of-care BNP was run in the physician’s office and returned a value
of 1252 ng/mL. He was sent to the hospital with a diagnosis of CHF, where
the admission evaluation additionally demonstrated bilateral interstitial infil-
trates on the chest radiograph and an electrocardiogram that was unchanged
from one obtained 6 months earlier. The patient’s initial laboratory data was
largely unremarkable except for a troponin level that was elevated (cardiac
troponin I of 0.82 ng/mL, 10% CV < 0.03 ng/mL). The patient was admitted
and intravenous diuresis was instituted; his afterload reduction was advanced.
Spironolactone was also initiated. After 4 days he had lost 12 pounds; repeat
laboratory data that day showed no change in renal function or electrolytes;
BNP was improved but still elevated at 472 ng/mL. A repeat troponin level was
obtained and was increased at 0.74 ng/mL. A repeat echocardiogram showed
no change from the prior echocardiogram of 6 months earlier; the patient’s
ejection fraction remained at 20–25%. The patient was discharged home and
returned for follow-up to his physician’s office 5 days later; a repeat BNP at
that time was 220 ng/mL, with a troponin level (run at the hospital on the
same assay and analyzer) of 0.38 ng/mL.
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Discussion of Case 3

In this case we have a patient who presents with a fairly classic case of an acute
exacerbation of CHF in a patient with a history of a non-ischemic cardiomyopa-
thy. On arrival the patient demonstrated a significant elevation of natriuretic
peptides as would be expected. However, despite his apparent improvement,
he continued to manifest elevations of BNP and troponin.

Studies have demonstrated that the degree of elevation of both BNP and
troponin on arrival are inversely related to cardiovascular morbidity and mor-
tality [3–6]. As in the situation with patients who present with chest pain, serial
measurements over an 8 –12 hour period are recommended; studies that have
evaluated the use of cardiac troponins in patients with CHF have generally uti-
lized cutpoints similar to those in patient with chest pain, although there has
been disparity between utilization of the manufacturer’s recommended limit
based on the original receiver–operator curve (ROC) and the more contempo-
rary decision threshold predicated on a 10% CV threshold or 99th percentile
cutpoint.

Additionally, there is evidence that ongoing measurement of troponins pro-
vides additional information regarding the prognostic status of the patient.
One study that investigated this phenomenon was published in 2004 by Perna
and colleagues [7]. They prospectively followed 115 outpatients with a history
of CHF for 1 year. All patients had an ejection fraction less than 40%, and
roughly two thirds had a history of coronary arterial disease. Blood samples
were collected at baseline and 3, 6, and 12 months and assayed for levels of
cardiac troponin T, with a value of greater than 0.02 ng/mL defined as ab-
normal. At 18 months, patients with no episodes of an elevation of cardiac
troponin T had a CHF hospitalization-free survival rate of 63%, while those
patients with a single elevated cardiac troponin T result had only a 43% CHF
hospitalization-free survival rate. Those patients with consistently elevated
measurements of cardiac troponin T > 0.02 ng/mL fared the worst, with only
a 17% CHF hospitalization-free survival rate (P = 0.0001). Along with hospi-
talization in the last year and a functional CHF class of III or IV, detectable levels
of cTnT were independently associated with prognosis. The authors suggested
a role for monitoring of cTnT levels to identify high-risk patients. And again,
as noted above some investigators have suggested that given that the primary
etiology of death in this population is arrhythmic that patients with persistent
or frequent elevations of cardiac troponins (and/or BNP) would potentially
benefit the most from implantable defibrillators, but there are currently no
studies that address this question.

Another variable in the assessment of risk in patients who present with CHF
is the presence and degree of BNP elevations and their relationship with the
absence or presence of cardiac troponins. This interaction is often not appreci-
ated but is a very powerful indicator of risk in patients who present with CHF.
There appears on anecdotal evidence that once a patient is admitted with CHF
and there is no concern for acute coronary syndrome to dismiss any cardiac
troponins elevations and to ascribe any such elevations as “simply due to the
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CHF.’’ However, this approach ignores the powerful information provided to
the clinician by these biochemical markers. In addition to the independent
prognostic information provided by the presence of either natriuretic peptides
or cardiac troponin, the presence of elevations of both cardiac troponin and
natriuretic peptides in the patient at presentation indicates a greatly increased
risk of mortality. In one study involving 238 patients with advanced CHF,
Horwich and colleagues determined that the joint presence of both of these
markers was associated with a 12-fold increased risk of long-term mortality
[8]; this finding has been corroborated by other investigators [6, 7].

This patient presented with an exacerbation of his chronic CHF. The presence
of both BNP and troponin elevations was indicative of increased risk, which
was magnified by the persistence of their elevations. Aggressive titration of
medical therapy is warranted, close and frequent follow-up is needed, and
if the patient meets the criteria then replacement of his defibrillator with a
biventricular defibrillator would be reasonable.

Case 4

A 67-year-old female visiting from Santiago Chile with a history of prior ad-
missions for “water on the lung’’ presents to the emergency department with
increasing dyspnea and lower extremity edema. The patient does not speak
English and the family members accompanying the patient state that she has
been compliant with her medications but can offer no other historical infor-
mation. The patient has 3+ lower extremity edema and bibasilar rales. The
electrocardiogram shows evidence of left ventricular hypertrophy with left
ventricular strain pattern; the chest radiograph demonstrates bibasilar infil-
trates. The initial laboratory data are unremarkable except for a BNP level of
2740 ng/mL and an elevation of cardiac troponin I of 0.20 ng/mL (10% CV
cutpoint of 0.03 ng/mL). Repeat troponin levels at 4 and 8 hours yield results
of 0.18 and 0.22 ng/mL, respectively. Intravenous diuretics are started and
the patient begins to promptly diurese with marked clinical improvement. An
echocardiogram demonstrates marked concentric left ventricular hypertrophy
with an ejection fraction of 70–75%, evidence of diastolic dysfunction, and nor-
mal valvular function. An adenosine cardiolyte is performed the next morning
and shows an ejection fraction of 82% with no evidence of ischemia.

Discussion of Case 4

This patient presents with CHF due to a hypertrophied left ventricle and left
ventricular diastolic dysfunction. Diastolic dysfunction is a common etiology
of CHF, especially in women and in those of advancing age. While CHF due to
diastolic dysfunction has been felt in the past to confer less risk, more recent
studies have demonstrated that the risk is greater than previously appreciated.
Indeed, more recent investigations have ascribed similar risk to those who
present with CHF regardless of the underlying ejection fraction [9]. Thus, it
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becomes important to stratify patients who present with CHF on presentation
to allow accurate and adequate treatment.

Elevations of cardiac troponin have been reported to be found routinely in
patients who present with CHF and diastolic dysfunction or left ventricular
hypertrophy and preserved systolic function [10, 11]. Elevations of cardiac tro-
ponins in these patients are associated with worse prognosis, just as is the case
with in those patients who present with CHF and diminished left ventricular
function. Perna and colleagues reported on a mixed group of 159 patients with
decompensated CHF and no acute coronary event [12]. Elevations of cardiac
troponins (in this study cardiac troponin T) were associated with greater end-
systolic and end-diastolic diameters and well as greater left ventricular mass.
Data indicated that the elevations of cardiac troponins (felt to be indicative of
ongoing myofibrillar degradation as well as ventricular remodeling) were as-
sociated with a sixfold increase in death or refractory heart failure. And while
the current case is in a patient who presented to the emergency department
with CHF, similar conclusions apply to patients who are ambulatory and seen
in outpatient settings. Troponin levels (along with New York Heart Associa-
tion Class) have been found to be independent predictors of prognosis in stable
ambulatory patients. A recent study investigated the presence of troponin pos-
itivity in a population of ambulatory outpatients with a history of CHF and
preserved systolic function (defined as an ejection fraction greater than 40%)
[13]. In this study, 39% of the patients manifested at least one episode of an
elevated level of cardiac troponin T. Those patients who demonstrated an el-
evation of cardiac troponin did worse with a significant decline in their heart
failure hospitalization-free survival as well as overall prognosis. The authors
concluded that elevations of cardiac troponins in patients with a history of
CHF were indicative of ongoing myocardial injury and portended progres-
sive impairment. Accordingly, clinicians must consider troponin elevations in
patients with CHF to be potent predictors of risk in patients with both systolic
as well as diastolic heart failure.
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CHAPTER 8

Troponins and the critically ill patient

Jose Antonio Perez, Luciano Babuin, Allan S. Jaffe

Introduction

Troponins are the biomarkers of choice for the detection of myocardial dam-
age and the diagnosis of acute myocardial infarction [1, 2]. In patients with
acute coronary syndromes (ACS) troponin elevations define a high-risk group
[3] and provide guidance for therapeutic decision making [4]. Using the 99th
percentile of a normal reference population as cutoff to define elevations, both
the diagnostic and prognostic accuracy are maximized [1].

However, the increased sensitivity of contemporary troponin assays leads to
identification of some degree of cardiac damage in a variety of noncoronary-
related disease states as well including many associated with critical illness.
Since 1995, when the initial article by Guest and colleagues was published [5],
several studies have reported that a substantial number of critically ill patients
have elevated troponins [5–9]. The percent of elevations varies from as low as
15% to as high as 71% (depending on the sensitivity of the assay used and the
cutoff value chosen to define an elevation) [5–9]. Despite the different percent
of elevations the mortality rate in patients with elevations is consistently 1.5-
to 3-fold higher than those without elevations (depending on the subset of
patients involved and the extent of the follow-up) [5–9]. A partial listing with
putative mechanisms is included as Table 8.1.

The cause for these elevations in critically ill patients is no doubt multifac-
torial but they certainly reflect myocardial damage. The first consideration in
regard to the etiology of this damage is that these patients may have occult
coronary artery disease [10]. However, there are many other putative mecha-
nisms one also could consider. These include vulnerability of the ventricular
subendocardium to changes in wall stress and hypoperfusion, especially if
left ventricular hypertrophy is present [11]. A similar mechanism can affect
the RV in situations where acute pulmonary hypertension (e.g., due to pul-
monary embolism) can increase wall stress and thus reduce subendocardial
perfusion [12]. Similarly, vasoactive drugs increase myocardial work and thus
can induce ischemia secondary to a discrepancy between demand and supply
[13]. In one sense such changes could be considered ischemic but certainly
not in the conventional sense. However, there are also several additional sit-
uations when direct cardiac injury can occur. These include cardiac contusion
secondary to chest trauma, cardioversion or defibrillation (including ICD fir-
ings). In addition, agents such as catecholamines and chemotherapy agents,
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Table 8.1 Elevated troponins without overt coronary heart disease.

Possible diminished O2 supply

–Coronary spasm, perhaps including small vessel spasm in apical ballooning

–Myocardial bridging (secondary tachycardia)

–Coronary vasculitis

–Severe hypoxia

Possible increased O2 demand

–Any cause of tachycardia (sustained)

–Vital exhaustion

–Sepsis

–Cutaneous burns > 30%

Possible diminished supply and increased demand

–Severe ventricular hypertrophy (i.e., hypertrophic obstructive cardiomyopathy)

–Non-cardiac surgery

–Severe aortic stenosis and hypertrophic cardiomyopathy

–Acute and chronic heart failure

–Increase cathecholamines (stroke, subarachnoid bleed, seizures, cocaine use,

pheochromocytoma)

–Severe pulmonary hypertension (primary or secondary as pulmonary embolism)

–Aortic dissection

–Pulmonary embolism

Possible direct damage

–Inflamation (myocarditis, pericarditis)

–Chemotherapy drugs (adriamycin, 5-fluorouracil, herceptin)

–Catecholamines

–Heart trauma (pacing, contusion, ablation, cardioversion, defibrillation, cardiac surgery,

endomyocardial biopsy)

Other potential causes

–Hypothyroidism

–Infiltrative diseases as amyloidosis, hemochromatosis, and sarcoidosis

–Rhabdomyolysis with cardiac injury

–Hemolytic uremic syndrome

and circulating toxins such as TNF alpha and heat shock protein can be directly
myocardiotoxic [14].

These factors may be exacerbated by arrhythmias, metabolic or respiratory
acidosis, changes in thoracic pressure induced by mechanical ventilation with
high positive end-expiratory pressure, hypoxia, hypercarbia, anemia, heart
failure, renal failure, and the recognized pro-thrombotic propensity of criti-
cally ill patients kept at bed rest. This can make determination of the mech-
anism of a given elevation difficult to discern. However, it is now clear that
troponin elevations define a high-risk group but it is not clear at present what
the appropriate treatment is. Of importance is the fact that these elevations
occur with relatively common disease presentations.

The cases below are illustrative of the problems marked by such elevations
in troponin.
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Case 1: gastrointestinal bleeding

A 59-year man was transferred from another hospital after vomiting (approx-
imately 550 mL) bright red blood. Emergency esophagogastroduodenoscopy
(EGD) documented a large ulcer located at the lesser curve of the stomach with
profuse bleeding and an old healed ulcer in the pyloric region. The ulcer was
fulgurated and the patient was stabilized with blood and volume replacement.

At the time of admission, he was dizzy and fatigued but denied chest pain,
palpitations and/or dyspnea. He denied alcohol use or abuse of aspirin or
nonsteroidal anti-inflammatory pain agents. He was a nonsmoker and had
no known additional risk factors for coronary artery disease; moreover, there
were no symptoms suggestive for cardiovascular disease in his past medical
history.

On physical examination, he was pale and appeared dehydrated and was
vomiting blood. His temperature was normal, blood pressure 80/45 mm Hg,
heart rate 125 beats/min, and respiration rate 30 times/min. He was passing
maroon stool per rectum.

Laboratory results of note on admission were: hematocrit 17.1%; hemoglobin
5.7 g/dL; elevated white blood cell (WBC) count (14 × 109/L); platelet count
and INR were normal. His BUN was mildly elevated (34 mg/dL) with a normal
creatinine (1.1 mg/dL). At the time of admission his cardiac troponin T (cTnT)
was 0.03 μg/L and later during the day it increased to 0.07 μg/L. Both those val-
ues are above the 99th percentile for cTnT (which is <0.01 μ/L) and the second
one is above the concentration where the coefficient of variation for the cTnT
assay is ≤10% (which is 0.035 μ/L). His electrocardiogram (ECG) showed right
bundle branch block (RBBB); unchanged from a previous tracing. An arterial
blood gas done on admission showed a mild acidosis with a PO2 of 85 mm Hg
and a PCO2 of 30 mm Hg on room air. His chest radiogram demonstrated mild
pulmonary congestion without cardiomegaly. An echocardiography showed
a left ventricle of normal size and wall thickness, without regional wall motion
abnormalities, but with a moderately reduced ejection fraction (EF = 39%);
aortic sclerosis without stenosis, mild–moderate aortic regurgitation, and an
estimated pulmonary artery systolic pressure of 45 mm Hg.

The patient received four packed red blood cells but did not require support
with pressors or inotropes. He continued to deny chest pain. After 2 days,
repeat EGD showed a nonbleeding ulcer and his hematocrit was 32%. By this
time, his ejection fraction had returned to normal (>50%). He was discharged
from the intensive care unit (ICU) on a proton pump inhibitor and antibiotics
for newly diagnosed Helicobacter pylori.

Discussion of Case 1

This gentleman did not have a history of cardiovascular disease nor cardiovas-
cular risk factors. He presented with sudden and severe gastrointestinal (GI)
bleeding, and documented cardiac injury, marked by elevated troponins and
ventricular dysfunction. His ECG did not suggest acute coronary disease and
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he did not have regional wall motion abnormalities by echocardiogram. He
was easily stabilized and subsequently, his ejection fraction normalized. The
etiology and significance of his elevated troponin is unclear and it may require
long-term follow-up to establish its potential significance.

However, this patient is far from atypical. In some studies, the frequency
of elevated troponins in patients with severe enough bleeding to warrant ICU
monitoring and treatment is as high as 13–14%. Some of these elevations are no
doubt due to exacerbation of underlying coronary disease. However, that did
not appear to be the case in this patient. Given that fact, what then might ex-
plain his elevated troponin? First and most evident was his huge sudden blood
loss that was estimated at about 550 mL. Reduced intravascular volume, resul-
tant hypotension, and a marked reduction in oxygen carrying capacity were
present. Tachycardia was due to appropriate sympathetic activation. This was
additionally increased by the urgent EGD, a clinically critical procedure, which
has been demonstrated in several studies to be safe even in patients with acute
myocardial infarction. Why such minor elevations of troponin are associated
with such marked reductions in ejection fraction is difficult to explain as well.
There is evidence that severe physiological and emotional stresses can lead to
myocardial injury and dysfunction similar to that seen with myocardial stun-
ning. That is often the case with critically ill patients who manifest modest
or minor elevations in troponin despite marked reductions in cardiac perfor-
mance. Fortunately, cardiac function, as this case, usually improves as the
patient stabilizes, in keeping with the troponin levels, which usually suggest
only minor amounts of cardiac injury. Recent, as yet unpublished data indi-
cate that those patients with elevations of troponin manifest an increased risk
for cardiovascular events during follow-up. Thus, this gentleman will require
cardiovascular surveillance during follow-up.

Case 2: acute respiratory failure

A 67-year-old lady, with a history of moderate chronic obstructive pulmonary
disease (COPD) due to a >40 year pack history of smoking, was found unre-
sponsive in the nursing home where she lived. She was brought to the local
hospital and found to be in hypercapnic respiratory failure (PCO2 = 105 mm
Hg). At that time, she was intubated, ventilated, and transferred to Mayo Clinic
for further evaluation. The patient’s relatives said she had complained of short-
ness of breath for several days prior to the event and had been treated with
oral antibiotic therapy. They denied other cardiovascular risk factors other
than well-controlled type 2 diabetes and a past history of smoking but she had
stopped 20 years before. To their knowledge, she had never had a cardiovas-
cular event or symptoms of cardiovascular disease.

Upon arrival, the patient was disoriented with a respiratory rate of 33 and
a heart rate of 98 beats/min. Blood pressure was 100/40 mm Hg, and tem-
perature was 38.7◦C. There were coarse breath sounds with bibasilar crackles
over both lung fields. Her chest X-ray showed infiltrates in the left lower lung,
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atelectasis in the right lower lung and possible pulmonary congestion. An ar-
terial blood gas showed pH = 7.29; PO2 = 125 mm Hg, and PCO2 = 86 mm
Hg on synchronized intermittent mandatory ventilation (SIMV) with an FIO2

of 50%. Other laboratory results were unremarkable except for a WBC count
of 20 × 109/L with a left shift. Admission cTnT was 0.04 μ/L and subsequently
rose to 0.09 μ/L but became undetectable 24 hours later. Her ECG had Q waves
in the inferior leads of questionable significance. Echocardiography showed
moderate pulmonary hypertension with a moderately dilated right ventricle,
mild tricuspid regurgitation, and inferior hypokinesis with an ejection fraction
of 42%.

The patient received an intensive respiratory pharmacological support in-
cluding inhalators, corticoids, and antibiotics for presumed pneumonia. Low
doses of dopamine plus diuretics were used as well. No other organ dysfunc-
tion was noted. She slowly improved and after 9 days in the ICU, the patient
was weaned from the ventilator and transferred to the ward. She was dis-
charged 8 days later on oxygen. Twenty-nine days after discharge, the patient
suffered a cardiac arrest and died.

Discussion of Case 2

This patient had a history of moderate COPD and diabetes without known
cardiovascular complications and had respiratory failure partially related to
well-documented pulmonary infection. There were, however, mild signs of
heart failure on the chest radiography on admission and her echocardiogram
revealed reduced ejection fraction (EF) and regional wall motion abnormali-
ties. Troponins were elevated but only transiently. There were no significant
ECG changes. Given the frequency of coronary artery disease in diabetics,
which often can be occult, one would have to consider the possibility of occult
coronary artery disease as the etiology of the troponin elevations. Perhaps this
woman had an infarction in the days or weeks prior to hospitalization. Infarc-
tion can be relatively silent or at least unappreciated in diabetics. She then could
have developed heart failure and nosocomial pneumonia on the substrate of
increased lung water. This would fit with her reduced LV function and the
mild pulmonary congestion detected radiographically. It is also possible that
what occurred prior to admission in response to the stress of her respiratory
compensation was extension of infarction. In diabetics, coronary disease must
always be a consideration since diabetes is considered a coronary artery risk
equivalent. In addition, smoking is a risk factor for both COPD and coronary
heart disease so individuals frequently have both. Indeed, as many as 25% of
patients with acute respiratory failure (ARF) who die have been reported to
have concurrent myocardial infarction.

Whether underlying coronary artery disease was or was not present, it
is likely that the severe increase in myocardial oxygen demand hypoxemia,
the increased work of breathing, acidemia, and severe hypercarbia also con-
tributed to an imbalance between myocardial oxygen supply and demand.
Furthermore, β2 agonists and fever can produce tachycardia and the use of
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catecholamines not only increase myocardial work out of proportion to in-
creases in coronary blood flow but also have direct myocardiotoxic effects.

However, this patient had a more abrupt rise and fall in troponin than is
usually seen. This pattern has been associated with pulmonary embolism (PE)
and sepsis and may have been a hint as to the underlying pathophysiology. It is
thus worth, monitoring patients like this if there is suspicion of PE to see how
rapidly the elevations resolve. Acute pulmonary hypertension which could
have been associated with her COPD and backward heart failure could cause
a similar pattern.

In almost every study or critically ill patients, elevations in troponin have
prognostic significance, both short and long term. Thus, even if the short-term
results appear favorable, continued surveillance is advised for patients whose
troponins were elevated. As in this woman, they often harbor undetected ab-
normalities that led to the troponin elevation. In this case, an autopsy was
performed and this woman had both pulmonary emboli as well as a recent
extension of a prior inferior myocardial infarction.

Case 3: sepsis

A 71-year-old woman came to the emergency department with increasing diffi-
culty breathing, fever, chills, and nausea over the past 12 hours. On arrival she
was in severe respiratory distress and lacked even a palpable blood pressure.
She was immediately intubated and a dopamine infusion was begun.

The patient’s past medical history was remarkable for dyslipidemia, polyen-
docrinopathy with lymphocytic adrenalitis, Hashimoto thyroiditis, pernicious
anemia, and splenectomy in 1998 for idiopathic thrombocytopoenia purpura
(ITP). She had hip surgery in 2001. She was on levothyroxine, B12 vitamin, and
atorvastatin.

Upon arrival to the ICU, her blood pressure was 70/35 mm Hg, heart rate
was 120 beats/min, respiratory rate was 29 times/min, and temperature was
34.9◦C. She was treated with mechanical ventilation, pressors, and antibiotics.
Her physical examination revealed dullness and crackles at her left lung base.
She had severe metabolic acidosis and respiratory failure. On an FIO2 of 100%,
she had a PO2 of 88 mm Hg, a PCO2 of 26 mm Hg, and a pH of 7.01. In ad-
dition, her INR was 10.5 and there appeared to be disseminated intravascular
coagulopathy by blood smear. There was also mild renal dysfunction with a
Cr of 1.7 mg/dL and a BUN of 68 mg/dL. Mild anemia (hematocrit = 30.4%)
was present along with an elevated white count to 11,600 with a left shift.
cTnT was 0.04 μ/L and rose to 0.16 μ/L thereafter. An ECG manifested mild T
changes abnormalities and an echocardiography (TTE) on admission showed
normal left ventricular size with an LVEF of 65%. The next day, however, her
ejection fraction had fallen to 37%. No new regional wall motion abnormalities
were present. Chest X-ray showed a left basal infiltrate, bilateral pleural effu-
sions, and increased interstitial markings thought due to pulmonary venous
congestion. Blood cultures were positive for Streptococcus pneumoniae.
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The hemodynamic pattern derived from the placement of a Swan–Ganz
catheter was compatible with septic shock with a high cardiac output and low
peripheral vascular resistance. The patient was treated with vasopressin and
phenylephrine to maintain her blood pressure. She was also given pharmaco-
logic doses of hydrocortisone.

The patient was successfully resuscitated from two cardiac arrests. There-
after, the family decided that the patient should become DNR (do not resusci-
tate) and she expired the next morning.

Discussion of Case 3

This patient clearly had septic shock, likely secondary to a respiratory infec-
tion. She had no known cardiovascular disease despite a history of hyperlipi-
demia. She was at high risk for Streptococcus septicemia given her prior
splenectomy. She presented with septic shock secondary with multisystem
organ failure with involvement of the kidneys, brain, liver, respiratory, hema-
tologic, and cardiovascular systems at admission. In patients with septic shock,
there is a relationship between the degree of troponin elevation and both the
extent of LV dysfunction and the need for pressor support. Elevations are also
a risk factor for subsequent mortality.

Elevated troponin levels, either troponin I (cTnI) or cTnT, have been reported
in between 36 and 68% of critically patients with sepsis or septic shock. The
differences between studies reflect issues likely relate to patient selection, the
organisms involved and the assays and cutoff values used to define troponin
elevations.

The cause of these troponin elevations in patients with sepsis is multifac-
torial. A variety of potentially toxic cytokines have been described in septic
patients. Substances such as endotoxins, tumor necrosis factor (TNF)-α, cy-
tokines such as interleukins (IL) 1β, IL 6, and reactive oxygen species all can
produce myocardial depression.

This patient, as the other critically ill patients, was hypotensive, tachy-
cardic, on pressors, and mechanically ventilated. All of these factors and the
increased contractility needed to increase cardiac output likely resulted in
supply–demand imbalance and can lead to the troponin elevations.

Concluding remarks

These patients are typical of the critically ill patients who have troponin eleva-
tions. Most have multisystem organ failure rather than one solitary diagnosis.
Although elevations of troponin could represent the unmasking of coronary
artery disease, they could also be due to a variety of other hemodynamic, toxic,
or inflammatory comorbidities. Patients at risk, in addition to being critically
ill, often have other characteristics that might put them at risk. Ventricular hy-
pertrophy is a good example. Hypertrophy is associated with a reduction in
the number of blood vessels per gram of myocardium in the subendocardium.
In addition, the subendocardium is dependent on the intracavitary pressure
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for coronary perfusion from blood vessels that tend to be straight and thus sen-
sitive to wall stress. Moreover, this area is profoundly involved in the increases
in contractility required by catecholamines, endogenous or exogenous, which
are increased in the critically ill patients. Thus, there is reduced blood flow
and thus reduced oxygen delivery at a time when there are marked increases
in myocardial oxygen requirements due to the increased work of the heart. In
addition, myocardial stretch itself along with the multiple cytokines released
during systemic septic stress can increase the degree of myocardial apoptosis.
Such abnormalities can effect both the ventricle and the atria.

Regardless of the etiology, multiple studies have confirmed the adverse prog-
nostic importance of troponin elevations both short and long term [5–9]. That
likely reflects the fact that regardless of the mechanism of elevation, those pa-
tients with elevations harbor serious heart disease exacerbated by the stress of
the illness. The implications for treatment are complex. Perhaps the best way to
treat the patients is focusing on the underlying processes that led to the critical
illness maximally without regard to the cardiac effects with the idea that com-
pensation of the underlying critical illness will impact positively on the heart
as well. However, to the extent that we can employ therapies that improve my-
ocardial oxygen and reduce demand rather than those that negatively impact
on that balance, that might from first principles be more efficacious. This is an
area where much more research is required.
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CHAPTER 9

Cardiac troponins and renal failure

Suresh Pothuru, Christopher deFilippi

Introduction

Cardiac troponins have redefined the diagnosis of myocardial infarction and
revolutionized the management of acute coronary syndromes (ACS) [1, 2]. Cur-
rent cardiac troponin assays are sensitive and can diagnose small episodes of
myocardial necrosis [3]. Cardiac troponins have proved their utility not only as
diagnostic markers of myocardial injury and important prognosticators, but as
critical tests for directing therapy in ACS [2–6]. In patients with kidney disease,
cardiac troponins remain reliable prognostic markers of short-term mortality
in the setting of an ACS [7]. However, patients with end-stage renal disease
(ESRD) represent a unique population where the presence of sporadic or per-
sistent cardiac troponin elevations in the absence of symptoms is common
[8–14].

The troponin complex regulates contraction of striated muscle cells. The
complex consists of three subunits: troponin C—which binds to calcium ions,
troponin I (cTnI)—which binds to actin and inhibits actin–myosin interac-
tions, and troponin T (cTnT)—which binds to tropomyosin and attaches the
troponin complex to the thin filament [15]. The troponin complex is present
in both skeletal and cardiac muscle cells. However, skeletal and myocardial
troponin T and I are encoded by different genes and the resultant protein
molecules are immunologically distinct allowing for the development of as-
says for the cardiac-specific isoforms. The detection of cTnT in asymptomatic
ESRD patients on dialysis challenged this concept. Initially, there was contro-
versy regarding expression of cardiac troponin T in skeletal muscle in patients
with ESRD [16, 17]. However, speculation that skeletal muscle in patients with
uremia might re-express cTnT was not confirmed and ultimately neither cTnT
mRNA or the cTnT protein were found in skeletal muscle of patients with
ESRD [18, 19]. Though there was modest cross-reactivity with skeletal muscle
troponin T based on the first generation of this commercial assay, this problem
was resolved in later generations of the assay and detectable levels of cTnT
remain common in ESRD patients [20].

Normally, cardiac troponin T (cTnT) and cardiac troponin I (cTnI) are not
detectable in the peripheral blood of healthy persons and troponin elevations
are almost always associated with some cardiac pathology [21]. The presence
of elevated levels of cTnT and cTnI indicates cardiac myocyte damage, but is
not always synonymous with an ACS. This could be the result of a variety
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of conditions including trauma, toxin exposure, and inflammation [22]. In the
setting of a possible ACS the near absolute specificity of cardiac troponins for
myocardial injury is widely accepted. The American College of Cardiology
(ACC) and European Society of Cardiology (ESC) consensus document state,
“there is no discernible threshold below which an elevated value of cardiac tro-
ponin would be deemed harmless’’ [1]. The ACC/ESC guidelines recommend
that a single cutoff point be chosen such that a myocardial infarction will be
diagnosed, as a result of myocardial ischemia, if cTnT or cTnI are detected at
least once within 24 hours after the index clinical event at a level exceeding the
99th percentile of the values measured in a normal control population with an
acceptable imprecision of 10% or less. The caveat is that the clinical context and
the patient population in which troponin levels are elevated will determine the
need for testing multiple levels and subsequent management.

Diagnosing heart disease with cardiac troponin assays
in ESRD patients

The clinical context is very important in evaluating a patient with elevated
cardiac troponins, including the patient presenting symptoms, ECG abnor-
malities and other clinical data. The typical rise and fall of cardiac troponins
indicate the presence of an ACS. On the other hand, a chronic modest elevation
of cardiac troponin in a patient with renal failure may not represent an acute
myocardial infarction but nevertheless has important prognostic implications.
This is best studied in patients with ESRD, but elevations of troponins can be
found in ambulatory patients with chronic kidney disease (CKD) not requiring
renal replacement therapy [19]. The prognostic significance of this finding is
less certain.

Chronic cTnT level elevations in patients with ESRD were reported in the
mid-1990s. With the first-generation cTnT assay that had a greater cross reac-
tivity with skeletal muscle, the majority of dialysis patients showed increased
values [17, 23]. However, even with the second and third generation more
cardiac specific assays, increased cTnT values were found in about 35–65%
of ESRD patients on hemodialysis with the percent of patients with elevated
values in part dependent on the cutoff used [8–12]. The exact mechanism of
clearance of cardiac troponins is unknown. The reticuloendothelial system is
postulated as an agent for clearance given the relatively large size of the tro-
ponin molecule. The troponin molecules might also be fragmented into smaller
molecules, though a recent biochemical study has found that most of the circu-
lating cTnT in the dialysis population is in the free intact form and is identical
in molecular weight and elution pattern to cTnT found in patients with ACS
[24]. Cardiac TnT levels are increased after dialysis potentially because of con-
centration effects, while cTnI levels are decreased [9]. Cardiac TnI levels were
uniformly reduced after dialysis irrespective of the dialysis membrane type.
Absorption of the cTnI molecule onto the dialysis membrane is one possible
mechanism postulated for this finding. Hence, it is recommended that troponin
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levels be checked pre-dialysis, if used in the evaluation of asymptomatic pa-
tients with ESRD. Multiple mechanisms have been postulated to explain car-
diac troponin elevations in ambulatory asymptomatic ESRD patients. Elevated
troponin levels may reflect damage to myocytes from epicardial atherosclerotic
disease with distal embolization leading to small vessel occlusion and myocyte
cell death or could be secondary to myocyte damage from non-atherosclerotic
mechanisms. Asymptomatic ESRD patients on hemodialysis may have either
sporadic or permanent elevations of cTnT or cTnI. In patients without symp-
toms, signs, or other corroborating evidence of an ACS, the significance of
transient or chronic elevations is uncertain.

Cardiovascular causes account for a significant percentage of deaths in pa-
tients with ESRD [25]. Overall mortality among patients on hemodialysis is
as high as 240 deaths per 1000 patient years. Cardiovascular causes account
for up to 40–45% of all deaths in patients with ESRD [25] (Fig. 9.1). The in-
cidence of myocardial infarction also is substantially greater in patients with
ESRD compared to those without renal disease and even in those patients
with CKD not requiring dialysis (Fig. 9.2). In the setting of ACS, even small
degrees of troponin elevations have predicted increased risk of death and car-
diac events [7]. Over 7000 patients being evaluated for suspected ACS enrolled
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Figure 9.2 Adjusted rates of myocardial infarction, by age USRDS ADR 2005 data. (Available at
www.usrds.org)

in the GUSTO IV trial were analyzed. The primary end point was a compos-
ite of death or myocardial infarction within 30 days. Cardiac TnT elevations
were independently predictive of risk across the entire spectrum of renal dys-
function after adjusting for confounders, though the number of patients with
severe renal disease (n = 10) was too small for definitive conclusions [7]. This
study supports the value of troponin measurements in patients with renal
impairment who present with symptoms suggestive of ACS. The implication
is that a rise and fall of cardiac troponin levels in ESRD patients with signs
and symptoms of an ACS can remain diagnostic. However, it is important to
recognize the diagnostic accuracy of changing cardiac troponin levels during
presentation for myocardial infarction has not been definitively studied in this
population.

Prognosis of ESRD patients based on cardiac troponin levels

It is increasingly evident that elevated levels of cardiac troponins in patients
with ESRD in settings other than that of suspected ACS also appear to be
strongly associated with a higher incidence of major cardiac events and death
[11–14]. This link is even stronger if troponin levels are used in conjunction with
elevated C-reactive protein levels [11]. Measures to risk stratify and alter mor-
bidity and mortality favorably are potentially important in the management
of these high-risk patients. Cardiac disease is especially difficult to diagnose
as atypical presentations and silent myocardial ischemic events are common
in the ESRD population. Cardiac troponins have been studied as tools for risk
stratification in ESRD patients. A significant body of clinical evidence now
points to the increased risk of death and major cardiac events in patients with
ESRD who have chronic asymptomatic elevations in cardiac troponins [14].
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Figure 9.3 Forest plot of primary studies evaluating abnormally elevated cardiac troponin T and
all-cause mortality in ESRD patients from 17 primary studies that reported all-cause mortality.
(See Ref. [14])

A recent meta-analysis by Khan et al. [14] of 28 studies that included
3931 patients, the majority of whom were on hemodialysis, summarizes the
literature on this topic. Patients were followed for an average of 23 months.
Studies utilized the later generation cTnT assay and multiple cTnI assays.
The majority of these studies evaluated cTnT levels for predicting all-cause
mortality. There was a consistent association between elevated cTnT levels
and increased risk of death with the pooled analysis revealing a relative risk of
2.64; 95% CI, 2.17–3.20 (Fig. 9.3). Eight studies in this meta-analysis evaluated
cTnT levels and the outcome of cardiac death. The authors also concluded
that elevated cTnT was strongly associated with a significant increase in
long-term cardiac death (RR, 2.55; 95% CI, 1.93–3.37; p < 0.001) (Fig. 9.4). Of
the 12 studies examining cTnI, elevated cTnI levels were associated with an
increased total mortality (RR, 1.74; 95% CI, 1.27–2.38; p = 0.001). However,
the risk of cardiac death was highly variable in the six studies that studied
the outcome of cardiac death and troponin I (Figs. 9.5 and 9.6). Cardiac TnT
levels were also found to be an independent predictor of mortality after
adjusting for age, diabetes, and presence of known coronary disease in 15 of
16 studies that performed a multi-variate analysis. In contrast, of the eight
troponin I studies that controlled for these confounding variables, only two
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Figure 9.4 Forest plot of primary studies evaluating abnormally elevated cardiac troponin T and
cardiac death in ESRD patients from eight primary studies that reported cardiac deaths. (See
Ref. [14])

studies showed that troponin I was independently associated with mortality.
In conclusion, asymptomatic elevation in ESRD patients of either cardiac
troponin is a predictor of all-cause mortality, though the current data for
cTnT for this application are more robust. Less information is available for
predicting cardiovascular death, but cTnT level appears to be more predictive
than cTnI for this prognostic application in ESRD patients.

Prognosis is important, but only part of the picture when using biomarkers
to manage patients. An editorial by Michael Lauer in the journal Circulation
succinctly summarized the state of current information regarding cardiac tro-
ponin levels in asymptomatic ESRD patients by stating that, “Even if we don’t
know what we are diagnosing when we find an elevated troponin level in a
dialysis patient, we know that we have hit on an important prognostic measure
that identifies an increased risk of death. We may want to know exactly what
it is we are diagnosing so that this knowledge can help us develop the test to
its next level, namely, as a guide to definitive therapy’’ [26]. The remainder of
this chapter will explore evidence pointing toward or away from specific car-
diac pathology responsible for troponin elevations in CKD. To illustrate these
points, cases will be presented.
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Case presentations

Case 1

This case explores the association of elevated cTnT levels with coronary artery
disease and myocardial infarction in asymptomatic ESRD patients. A 70-year-
old African American male with diabetes who has been on hemodialysis for
approximately a year is evaluated for renal transplantation. He ambulates dis-
tances greater than two blocks without symptoms of dyspnea or chest pain. He
denies a history of prior cardiovascular events or known coronary disease. His
echocardiogram shows no regional wall motion abnormalities or left ventricu-
lar hypertrophy (LVH). His left ventricular ejection fraction is estimated to be
>55%. A cTnT level is measured at 0.104 ng/mL (normal is <0.03 ng/mL). A
cardiac magnetic resonance imaging study with delayed late gadolinium en-
hancement is done as part of a research protocol to look for evidence of prior
myocardial infarction (Fig. 9.7). A small region of gadolinium enhancement
is seen in the apex of the left ventricle. Gadolinium enhancement detected by
magnetic resonance imaging is known to identify regions of myocardial necro-
sis [27]. Coronary angiography is performed and shows multi-vessel coronary



P1: OTE/SPH P2: OTE
BLUK084-Adams April 13, 2007 20:20

Cardiac troponins and renal failure 103

lliou MC (2003) 0.70 (0.25, 1.90)

6.71 (2.30, 19.60)

1.06 (0.12, 9.08)

1.11 (0.17, 7.33)

24.00 (1.05, 550.28)

30.67 (3.77, 249.73)

550.277
Risk ratio

10.001817

Ishii J (2001)

Lang K (2001)

Roberts M (2004)

Roppolo LP (1999)

Khan IA (2001)

Study
Risk ratio
(95% Cl)

Figure 9.6 Forest plot of primary studies evaluating abnormally elevated cardiac troponin I and
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artery disease including a total occlusion of the left anterior descending artery
(Fig. 9.8).

Discussion of Case 1
Several studies have found a correlation between elevated cardiac troponin
levels in ESRD patients and the presence of epicardial coronary artery oc-
clusive disease. Silent or subclinical myocardial infarctions have also been
postulated to occur in ESRD patients with sporadic or chronic elevations of
cardiac troponins even in the absence of epicardial coronary disease. A study
by Ooi et al. [28] found areas of myocardial fibrosis, scarring, and recent my-
ocardial infarctions at autopsy in ESRD patients even with modest troponin
elevations. In a prospective study of ambulatory ESRD patients, our group
found that the extent and severity of angiographically documented coronary
disease increased with higher quartiles of cTnT elevation [11] (Fig. 9.9). Sharma
et al. [29] demonstrated that, in ESRD patients, using a troponin T cutoff level
of 0.04 ng/mL resulted in a detection of nearly twice as many patients with
positive dobutamine stress echocardiogram evidence of ischemia as well as
angiographic evidence of presence of coronary disease. However, not all data
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Figure 9.7 Case 1: cardiac magnetic resonance image shows gadolinium enhancement of the
apex of left ventricle (arrow) thought to be consistent with myocardial infarction (age of infarct is
unknown).

Figure 9.8 Case 1: coronary angiogram image shows the left coronary system with multi-vessel
coronary disease and total occlusion of the left anterior descending artery (arrow).
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Figure 9.9 Prevalence of multi-vessel coronary disease based on quartiles of cardiac troponin T
levels in asymptomatic ambulatory ESRD patients volunteering for coronary angiography
(n = 67). cTnT, cardiac troponin T; Qrt, Quartiles; cTnT Qrt 1, < 0.029 ng/mL; cTnT Qrt 2,
0.029–0.064 ng/mL; cTnT Qrt 3, 0.065–0.116 ng/mL; cTnT Qrt 4, ≥0.116 ng/mL. (See Ref. [11])

have been consistent with these findings. Obialo et al., in a study of ESRD
patients with possible ACS, have questioned the strength of the relationship
between cTnT and angiographic coronary disease [30]. In this retrospective
study including 29 ESRD patients with presumed ACS with elevated cTnT
levels, half the patients had normal coronary arteries. In a recently completed
study by our group, we used cardiac magnetic resonance imaging to deter-
mine the prevalence of myocardial infarctions as detected by late gadolinium
enhancement in ESRD patients without a history of myocardial infarction or
depressed left ventricular function. We evaluated 13 patients with elevated
cTnT levels (>0.07 ng/mL) and 13 patients with very low or undetectable
cTnT levels (<0.03 ng/mL). We identified only three patients out of 13 in the
elevated cTnT level group who had evidence by MRI of myocardial infarctions
(versus 0 of 13 in the low cTnT group). It is therefore likely that clinically silent
acute myocardial infarctions represent only one of several possible etiologies
to explain troponin elevations in asymptomatic ESRD patients.

Case 2

This case examines the possible etiologies of cTnT elevations in asymptomatic
ESRD patients without coronary disease. A 56-year-old African American male
with ESRD on hemodialysis undergoes cardiac assessment as part of an evalu-
ation for renal transplantation. He has hip pain that limits his walking beyond
two blocks. He also has dyspnea on exertion on climbing more than 28 steps.
He has no prior history of coronary disease and has no other cardiac symptoms.
An adenosine thallium stress test shows “evidence for myocardial ischemia in
the anterior wall of the left ventricle.’’ There were no areas suggestive of prior
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Figure 9.10 Case 2: coronary angiogram image shows the left coronary artery system in the right
anterior oblique view. There is no evidence of epicardial coronary artery disease.

infarction. Resting left ventricular function was normal. Cardiac TnT levels
were elevated at 0.156 ng/mL. He underwent echocardiography that showed
LVH. He is referred for a cardiac catheterization that shows some mild lumi-
nal irregularities, but no obstructive coronary artery disease (Fig. 9.10). Sub-
sequently the patient participated in a research study and underwent cardiac
magnetic resonance imaging, which shows severe LVH with wall thickness ap-
proaching 2 cm, normal wall motion and no evidence of delayed gadolinium
enhancement (Fig. 9.11).

Discussion of Case 2
As illustrated in this case, elevated troponin levels in ESRD patients are not al-
ways associated with the presence of epicardial coronary disease. Other mech-
anisms are probably responsible and several hypotheses have been advanced
to explain this finding. LVH with resultant increased wall stress and ischemia
due to impaired microvascular flow has been postulated as responsible for
troponin elevations. Several studies have found an independent association
between cardiac troponin levels and left ventricular mass [31–35]; however,
this has not been a consistent finding [11, 29]. One explanation to explain these
disparate findings is that echocardiography may not be accurate at estimating
left ventricular mass in ESRD patients [36]. In a study by our group, mag-
netic resonance imaging was used to measure left ventricular mass in ESRD
patients and no difference was found in the prevalence of LVH in relation to
cTnT levels. There are possibly other mechanisms besides epicardial coronary
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(a)

(b)

Figure 9.11 Case 2: cardiac magnetic resonance image of the short-axis of the left ventricle
shows (a) severe LVH. (b) A short-axis image from a different patient without LVH is shown
for reference.

disease and LVH accounting for the increased cardiac and all-cause mortality
in these patients. A recent study by Mark et al. [37] found a pattern of diffuse
late gadolinium enhancement within the myocardium on cardiac magnetic
resonance imaging in 14% of their ESRD subjects indicating possibly another
mechanism besides epicardial atherosclerosis (suggested by a pattern of iso-
lated subendocardial gadolinium enhancement). The authors suggest that this
pattern may represent myocardial fibrosis and be an alternative form of ure-
mic cardiomyopathy. Interestingly, in a separate study, Aioki et al. [38] studied
ESRD patients with dilated cardiomyopathy (DCM) and normal coronary an-
giograms and found that interstitial fibrosis was extensive in these patients
and survival was inversely related to the extent of fibrosis on endomyocar-
dial biopsy. The autopsy findings by Ooi et al. showing cTnT elevation in the
presence of fibrosis and congestive heart failure support the concept that a
variety of pathologies can lead to myocyte cell death and cardiac troponin re-
lease [28]. Uremia-induced changes in the ventricular myocardium including
fibrosis might account for troponin elevations in ESRD patients who do not
have epicardial coronary disease and helps explain the link between elevated
troponin levels and increased mortality in ESRD patients.
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Summary

Cardiac troponin elevations, particularly cTnT, are common in patients with
ESRD and CKD. These troponin elevations are of cardiac origin. The mech-
anisms of cardiac injuries resulting in these elevations are diverse and likely
result from epicardial coronary disease, LVH, microvascular disease, and po-
tentially myocardial fibrosis causing cardiomyopathy among others. In the
setting of an ACS, the utility of troponin measurement has been well validated
in patients with CKD and provides valuable information to guide therapy
and prognosticate. Troponin elevations in a non-ACS setting in ESRD patients
are associated with decreased survival and an increase in both all-cause and
cardiac mortality. Further work is still needed to better understand how the
myocardium is injured in ESRD patients, which lead to troponin elevations.
A better understanding of these issues could result in improved treatment
options in this high-risk patient population.
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CHAPTER 10

Cardiac biomarkers: detection of
in-hospital myocardial reinfarction

Fred S. Apple

Case 1

This is the third admission for this 50-year-old black female with a history
of hypertension. The patient states that she was awakened from sleep at ap-
proximately 230–300 am this morning with crushing substernal chest pain that
radiated to her back. This was associated with diaphoresis, nausea, and short-
ness of breath. She was brought to the emergency room (ER) by relatives. Her
last pain of similar nature was 2 weeks prior to admission; her pain at that
time was resolved by one sublingual nitroglycerin pill. In the ER, she was
given morphine without relief of pain and was started on a nitroglycerine
drip. Her initial ECG showed sinus bradycardia and T-wave inversions. She
was admitted to the CCU to “rule out’’ for a myocardial infarction. The patient
had continued chest pain, and a repeat ECG showed the interval development
of ST elevation. She was treated with thrombolysis with the infusion of tissue
plasminogen activator; during which time her ECG resolved to normal and felt
to be indicative of successful reperfusion. On Day 4, the patient developed a
recurrence of crushing chest pain with new ST elevations, which was relieved
with nitroglycerine again. She was sent for cardiac angiography, which she was
noted to have a 90% stenosis of her left anterior descending coronary artery.
She was scheduled for an acute coronary artery bypass grafting procedure.
Her biomarker laboratory results are shown as follows.

Time Total CK (U/L) CKMB (ng/mL) cTnI (ng/mL)

(h) (URL 200 U/L) (3.5 ng/mL) (<0.1 ng/mL)

0 105 2.0 < 0.1

2 tPA administered

6 5093 237 22.1

12 3866 107 19.0

26 2015 81 9.2

54 546 16.5 3.3

99 New onset chest pain

99 150 8.0 0.5

105 198 9.8 1.1

112 345 28.0 3.9
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Case 2

A 35-year-old male presents to the ER with severe chest pain following a week’s
history of lethargy and chronic renal insufficiency. The patient is on chronic
hemodialysis. During the previous week the patient had developed an infec-
tion and now presents with a fever of 101◦F. Within 40 minutes of presentation
his systolic BP dropped to 40 mm. His ECG showed diffuse ST depression with
a significant Q wave in the lateral leads. The initial results of his biomarker
laboratory were: total CK 54,000 U/L, CKMB 411, and cTnI 3.5 ng/mL. In the
cardiac catheterization laboratory his angiogram showed 75% occlusion of his
left circumflex and 90% occlusion of his left anterior descending coronary arter-
ies. A stent was placed in the LAD. He was medically followed in the hospital
for the next 4 days with clinical improvement. His cTnI values decreased daily
as follows: Day 2, 3.3 ng/mL; Day 3, 2.2 ng/mL; Day 4, 1.0 ng/mL, and Day 5,
0.7 ng/mL (upper reference limit 0.3 ng/mL). On Day 6, he had a new onset
of severe chest pain that was only partially relieved by nitroglycerin. He was
readmitted to the CCU and his point of care cTnI result 2 hours after the onset
of new chest pain was 1.5 ng/mL, which increased to 4.8 ng/mL 4 hours later.
His ECG now showed significant ST elevation. He returned to the catheteriza-
tion laboratory, during which it was determined that he was a candidate for
bypass surgery.

Time Total CK (U/L) CKMB (ng/mL) cTnI (ng/mL)

(h) (URL 300 U/L) (5.0 ng/mL) (0.3 ng/mL)

0 54,000 411 3.5

2 Stent placed

Day 2 22,000 240 3.3

Day 3 8420 2.2

Day 4 2555 45 1.0

Day 5 550 18 0.7

Day 6 New onset chest pain

Day 5 + 2 h 455 28 1.5

Day 5 + 6 h 666 38 4.8

Case 3

A 55-year-old male presented with worsening chest pain over the past 8 hours,
starting at midnight. He presents at 0700 hours, describing a burning pain in
his left shoulder, arm, and epigastrium. Pain was worsened while walking and
eating, but there was some relief with sitting. In the ER, he receives some relief
from nitroglycerin. He was admitted and hospitalized for a non-ST segment
elevation myocardial infarction. The peak cTnI at 24 hours after onset of chest
pain was 1.3 μg/L (peak CKMB 11.5 μg/L), followed-up with a normal 3-day
post-event cTnI of 0.6 μg/L (CKMB was 5.0 μg/L). At 72 hours following the
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initial presentation the patient experienced new onset chest pain, again de-
scribed as a burning pain in the left shoulder, arm, and epigastrium. While
again nitroglycerin provided some relief, the ECG demonstrated only nonspe-
cific T-wave abnormalities, not different from initial presentation. The initial
cTnI on the suspected reinfarction day (Day 3) was increased at 1.4 μg/L (with a
corresponding CKMB of 11.0 μg/L). Cardiac catheterization revealed new 85%
distal left anterior descending stenosis, 95% mid right coronary artery narrow-
ing, and an 80% occluded circumflex proximally. The patient was treated with
successful stent placement in both the distal and proximal RCA. A summary
of his cardiac biomarker laboratory results is shown.

Time (h) CKMB (ng/mL) (URL 5.0 ng/mL) cTnI (ng/mL) (URL 0.3 ng/mL)

0 4.2 0.7

4 11.5 0.9

12 6.8 1.3

72 Reinfarction symptoms

72 5.0 0.6

76 11.0 1.4

Discussion of Cases 1, 2, and 3

Cardiac troponin monitoring for detection of myocardial injury has been des-
ignated the new standard for differentiating the diagnosis of unstable angina
and non-ST elevation myocardial infarction (NSTEMI) in acute coronary syn-
drome (ACS) patients [1–4]. An increased cardiac troponin I (cTnI) or T (cTnT)
in the clinical setting of ischemia is defined as an acute MI and has been en-
dorsed by the European Society of Cardiology (ESC), American College of
Cardiology (ACC), the American Heart Association (AHA), the International
Federation for Clinical Chemistry (IFCC), and the Epidemiology World Coun-
cil [1–5]. One of the challenges regarding cardiac troponin monitoring during
a patient’s hospitalization encompasses the clinical setting of myocardial rein-
farction within a short time period following an initial MI. Since cardiac tro-
ponin can remain increased in the circulation for up to 5 days (cTnI) to 10 days
(cTnT) after an acute MI [6], in theory the role for monitoring cardiac troponin
during reinfarction has been questioned. The 2000 ESC/ACC document notes
that in the clinical setting of a reinfarction creatine kinase MB (CKMB, mass
assay recommended) may be more useful for monitoring for reinfarction than
cardiac troponin because CKMB only remains increased for 2–4 days follow-
ing an acute MI [2]. However, there is a little to no evidence to support this
claim, especially when CKMB is compared head on with cardiac troponin I.
There are now 11 case reports (two papers) in the literature that have read-
dressed the role of cardiac troponin monitoring in reinfarction [7, 8], which has
led to a revised statement in the 2006 updated Global Task Force definition for
reinfarction, predicated on monitoring serial changes using cardiac troponin.



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 16:12

114 Chapter 10

The evidence-based findings, although small in number, in myocardial rein-
farction patients demonstrate that CKMB analysis does not add clinically nec-
essary information, and thus is not cost effective, in the differential diagnosis
of myocardial reinfarction in ACS patients when cardiac troponin monitoring
is available. It is time to dispel the theoretical rational for use of CKMB in
addition to cardiac troponin testing; expediting the cost-effective adaptation
favoring only cardiac troponin monitoring in testing for MI or reinfarction. In
the case reports from the literature that utilize cardiac troponin, all reinfarc-
tions occurred in-hospital within 24–96 hours of the initial index presentation.
The mean time from onset of chest pain to initial presentation was 5.2 hours
(median 4.0 hours; range 1–12 hours) [7, 8]. The serial cTnI and CKMB con-
centrations versus time profiles for cases during both the initial MI presen-
tation and reinfarction events show patients who presented initially with an
STEMI and patients presenting with both increased cTnI and CKMB. At rein-
farction, patients both demonstrate an increased baseline cTnI and increased
CKMB. However, the rising and/or falling profiles of each biomarker paral-
leled each other. In the patients where the last cTnI concentrations from the
initial MI biomarker orders were increased, all reinfarctions demonstrated sub-
stantial secondary increases of cTnI above the previous cTnI value [7, 8]. In the
three cases presented in this chapter, similar observations are made with par-
allel rising and falling biomarker patterns, with the key of following a second
biomarker value within 4–6 hours after the initial value when a reinfarction is
clinically suspected. Rising patterns were documented and confirmatory for
cardiac troponin, paralleling CKMB mass findings, without the added concern
that CKMB may be increased due to skeletal muscle contamination [9] from
the documented skeletal injury in Cases 1 and 2.

The reported incidence rate of reinfarction appears to be lower than 20% [10].
A few studies have examined the secondary increases in cardiac biomarkers
during an early recurrent infarction (reinfarction extension). In the largest se-
ries of patients studied, Marmor et al. documented a secondary increase in
CKMB activity occurred an average of 10 (SD 4) days after the initial infarct,
but in only 17% of patients (34 of 200) [11]. Morrison et al., examining release
of CKMB to estimate infarct size in 35 MI patients, contended that the appear-
ance of a second peak of CKMB before the return of the enzyme to baseline was
not associated with an infarct extension [12]. Eisenberg et al. stratified 50 chest
pain patients for MI based on a 50% change in CKMB levels, independent of
whether CKMB was normalized between the initial or recurrent infarction [10].

No citations were identified following both MedLine and Pub Med searches
for studies addressing cTnI and CKMB monitoring in myocardial reinfarction
as diagnostic tools besides the two papers cited above [7, 8]. As cTnT demon-
strates a longer time period for remaining increased following an initial MI
(up to 10 days) [6], independent validation for cTnT should be carried out as a
biomarker for reinfarction as all patients described in the literature document
for cTnI after reinfarction. Given the limited financial resources in laboratories
and healthcare, clinicians should consider just monitoring cardiac troponin
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Table 10.1 Analytical characteristics as described by the manufacturer for the current generation

cardiac troponin assays in the marketplace.

Assay LLD 99th percentile WHO-ROC 10%∗ CV

Abbott ARCH 0.009 0.012 0.3 0.032

Abbott AxSYM ADV 0.02 0.04 0.4 0.16

Abbott i-STAT† 0.02 0.08 (WB) ND 0.1

Bayer Centaur 0.02 0.1 1.0 0.35

Bayer Ultra 0.006 0.04 0.9 0.03

Beckman Accu 0.01 0.04 0.5 0.06

Biosite Triage† 0.05 < 0.05 0.4 NA

Biomerieux Vds 0.001 0.01 0.16 0.11

Dade RxL 0.04 0.07 0.6–1.5 0.14

Dade CS† 0.03 0.07 0.6–1.5 0.06

DPC Immulite 0.1 0.2 1.0 0.6

MKI Pathfast 0.006 0.01 0.06 0.06

Ortho Vitros ES 0.012 0.032 0.12 0.053

Response† 0.03 < 0.03 (WB) ND 0.21

Roche Elecsys 0.01 < 0.01 0.03 0.03

Roche Reader† 0.05 < 0.05 (WB) 0.1 ND

Tosoh AIA 0.06 0.06 0.31–0.64 0.06

∗Per manufacturer.

†POC Assay, adapted from Ref. [13].

for the diagnosis of MI or in-hospital infarction. The choices of cardiac tro-
ponin assay availability have rapidly expanded. Since the first FDA cleared
assay for cardiac troponin testing in 1996, the number of cardiac troponin I
and T assays has increased to over 20, both in quantitative and qualitative
formats, utilizing both central laboratory and point-of-care testing platforms
(Table 10.1) [13, 14]. The use of cardiac troponin assays has become equal to and
greater than either total CK and CKMB utilization in clinical practice per CAP
surveys [15]. Implementation of quality assays for cardiac troponin testing in
clinical practice based on the 99th percentile reference cutoff [13, 14, 16] will
assist in the accurate and sensitive detection of an acute myocardial infarction,
whether the initial index event or a secondary event indicative of in-hospital
reinfarction.

References

1 Braunwald E, Antman EM, Beasley JW et al. ACC/AHA guidelines for the management
of patients with unstable angina and non-ST-segment elevation myocardial infarction. J
Am Coll Cardiol 2000;36:970–1062.

2 Joint European Society of Cardiology/American College of Cardiology Committee. My-
ocardial infarction defined—a consensus document of the Joint European Society of Car-
diology/American College of Cardiology Committee for the redefinition of myocardial
infarction. J Am Coll Cardiol 2000;36:959–969.



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 16:12

116 Chapter 10

3 Jaffe AS, Ravkilde J, Roberts R et al. It’s time for a change to a troponin standard. Circulation
2000;102:1216–1220.

4 http://www.americanheart.org/presenter.jhtml?identifier=3053#Heart Attack.
5 Luepker RV, Apple FS, Christenson RH et al. Case definitions for acute coronary heart

disease in epidemiology and clinical research studies. Circulation 2003;108:2543–2549.
6 Apple FS, Jaffe AS. Cardiac function. In: Burtis C, Ashwood E, Bruns DE, eds. Tietz’ Textbook

of Clinical Chemistry and Molecular Diagnostics, 4th edn. WB Saunders, Philadelphia, PA,
2005:1619–1670.

7 Falahati A, Sharkey SW, Christensen D et al. Implementation of cardiac troponin I for
detection of acute myocardial injury in an urban medical center. Am Heart J 1999;137:332–
337; letter to editor correction 1999;138:798–800.

8 Apple FS, Murakami MM. Cardiac troponin and creatine kinase MB monitoring during
in-hospital myocardial reinfarction. Clin Chem 2005;51:460–463.

9 Apple FS. Tissue specificity of cardiac troponin I, cardiac troponin T, and creatine kinase
MB. Clin Chim Acta 1999;284:151–159.

10 Eisenberg PR, Lee RG, Biello DR, Geltman EM, Jaffe AS. Chest pain after nontransmural
infarction: the absence of remediable coronary vasospasm. Am Heart J 1985;110:515–521.

11 Marmor A, Sobel BE, Roberts R. Factors presaging early recurrent myocardial infarction
(“extension’’). Am J Cardiol 1981;48:603–610.

12 Morrison J, Coromilas J, Munsey D et al. Correlation of radionuclide estimates of myocar-
dial infarction size and release of creatine kinase-MB in man. Circulation 1980;62:277–287.

13 Apple FS, Wu AHB, Jaffe AS. Implementation of the ESC/ACC guidelines for redefinition
of myocardial infarction using cardiac troponin assays with special attention to clinical
trial issues. Am Heart J 2002;144:981–986.

14 Apple FS, Quist HE, Doyle PJ, Otto AP, Murakami MM. Plasma 99th percentile reference
limits for cardiac troponin and creatine kinase MB mass for use with European Society
of Cardiology/American College of Cardiology consensus recommendations. Clin Chem
2003;49:1331–1336.

15 College of American Pathologist. Cardiac marker CAR-A survey participant summary
report. 2004:1–30.

16 Panteghini M, Gerhardt W, Apple FS, Dati F, Ravkilde J, Wu AHB. Quality specifications
for cardiac troponin assays. Clin Chem Lab Med 2001;39:174–178.



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:8

PART 2

Natriuretic peptides

117



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:8

CHAPTER 11

The future: interpreting new guidelines
for myocardial infarction

Allan S. Jaffe

It is always difficult to predict, especially about the future; however, as new
guidelines are being prepared, there are a multiplicity of issues that may con-
tribute to changes in the way in which we ought to think about the use of
troponin measurements. Accordingly, the present set of vignettes will attempt
to focus on some of these complex issues.

Case 1

A 28-year-old man with a positive family history for coronary artery disease
presents with typical central chest discomfort. He had not had a general physi-
cal for years, so was unaware of risk factors but was an active exerciser, running
20 miles per week and had never had similar symptoms. He was mildly di-
aphoretic and mildly short of breath, but his electrocardiogram was totally
normal.

A troponin assay used locally had a limit of detection of 0.02 ng/mL. The
99th percentile value for that assay was 0.04 ng/mL, the 10% CV value was 0.06
ng/mL, and the ROC value was 0.5 ng/mL. The local laboratory had defined a
cutoff value of 0.5 ng/mL as the cutoff value to be used to determine if patients
had acute myocardial infarction.

When this patient had values of 0.06 ng/mL and then 0.45 ng/mL after
6 hours, the patient was sent home because the maximum value was below the
recommended cutoff value used by the local laboratory. Twelve hours later,
he represented with hypotension, ST–T wave changes in the anterior leads,
and a troponin value of 1.62 ng/mL. He was taken emergently to the cardiac
catheterization laboratory where an 80% LAD stenosis was identified and was
stented. The QA committee at the hospital was then asked to address the issue
whether this gentleman should have been sent home based on his troponin
values. They decided that the use of the ROC value was no longer appropriate
in the modern era.

Discussion of Case 1

This case highlights a critical issue related to how we use troponin assays. When
troponin assays were initially approved, the FDA took the tact that clinicians
would have difficulty and be confused if cutoff values were set far below what

119
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clinicians were used to using with CKMB. Accordingly, the so-called ROC
value or receiver operator curve value was advocated for. This is the value at
which troponin values are most often associated with CKMB values, which had
been the previous gold standard. Using this cutoff value improved specificity
because troponin is far more specific than CKMB but did not take advantage
of the increased sensitivity with which troponin could be used. Subsequently,
the ESC/ACC task force for the redefinition of MI embraced a more traditional
laboratory-oriented approach. They indicated that the upper limit of normal
should be defined by evaluating a reference population and defining the 95th or
99th percentile of a normal range for that particular test [1]. Individuals above
that level would then be defined as having evidence of an elevation, which
would define the presence of cardiac injury. This value was set at the 99th
percentile because it would reduce the number of false positives that might
exist, which was something that already was an area of sensitivity in the clinical
community [2]. Subsequently, because of concerns that imprecision at the low
end might influence these values, several individuals suggested the use of a
value called the 10% CV value [3]. This was a value for an individual assay (in
this situation of 0.06 ng/mL) where the imprecision was such that it could not
be confounded by issues related to imprecision. This value was promulgated
in many laboratories since laboratorians are sensitive to the concept of having
values confounded by imprecision and concern that they might be generating
analytical false positives. This approach has subsequently been rebuffed for
four reasons. The first is the fact that imprecision as modeled recently by Apple
et al. [4] should not in and of itself cause false positives. What imprecision does
is to adversely affect the sensitivity of the assays. In addition, as we will discuss
below, true normal values are substantially lower than the lower limit of most
of our present assays. Thirdly, clinicians did not understand that although
the 10% CV value was a value, which would not be analytically confounded,
that it was not the upper limit of normal, and this led to confusion and, in
some instances, to clinicians ignoring abnormal values. Finally, almost all of
the studies in those with ischemic heart disease have documented that the 99th
percentile identifies more individuals at risk [5] (Fig. 11.1) and because true
normal values are so low, adds few if any false positives.

This individual who had a value substantially above the 99th percentile
clearly had an elevation in his troponins. In addition, as we will discuss subse-
quently, his values were rising and he certainly should have been admitted to
the hospital. At present, the recommended value that it is most likely guideline
organizations will embrace is the 99th percentile. The 10% CV value because
for the reasons cited above will no longer be suggested.

There is an additional issue that will affect the future. It is now clear from
a multiplicity of studies that we may have in the past been incorrect about
the 99th percentile calculation. These calculations are only as good as the as-
says involved and the populations studied. In most populations, there are
individuals who have undetectable values (in the circumstance looked at
above <0.02 ng/mL) and some who have values less than the 99th percentile
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Figure 11.1 Prognostic importance of even low-level elevations in cardiac troponin from the

GUSTO IV study. (Reproduced with permission from Ref. [5])

of 0.04 ng/mL but which still detectable (i.e., between 0.02 ng/mL and
0.04 ng/mL). Recent data have suggested that individuals in that range have
an adverse prognosis whether when they present with acute chest discom-
fort or critically ill or when they have chronic stable disease or even in the
absence of cardiovascular disease (Fig. 11.2) [6]. These findings from a multi-
plicity of studies suggest that the present calculation of the 99th percentile is
confounded by a mixture of patients who have minor abnormalities and those
who truly have nondetectable troponins. This synthesis of the data is totally
consistent with recent information published utilizing a highly sensitive exper-
imental assay [7] that suggests that normals have values that are at least a log
unit lower than previously detected even with the more sensitive modern day
assays.

Thus, in the future, we will find more elevations of troponin as assays become
more sensitive. There are also data to suggest that many of these elevations are
related to chronic structural heart disease [8, 9] and not to an acute presentation.
This will make an additional aspect of this patient’s troponin values even more
important. That is to say, it is the rise of these values that suggests an acute
problem [6]. If indeed rising values are observed, this likely is indicative of
an acute cardiac injury whereas elevations that stay constant are indicative of
chronic elevations associated with these constitutive structural changes. Most
of these structural changes elicit only minor increases in the levels of troponin
detectable in the circulation; however, there are subsets of individuals such as
those with renal failure, some with LVH and heart failure who may have more
chronic elevations even above the 99th percentile with the present iteration of
assays [10]. Accordingly, utilizing a rising pattern in the troponin values will
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Figure 11.2 Importance of detectable levels of troponin below the 99th percentile of normal for

patients with (right) and without (left) a history of cardiac disease. (Reproduced with permission

from Ref. [8])

become more and more important in the future as we begin to unmask this
trend. This patient had rising values, which should have been an alert to the
astute clinician.

Of importance in thinking about how to define rising values is the issue of
low-end precision. Imprecise assays make it more difficult to determine when
changes have occurred [6]. Thus, a greater percentage change is likely to be
required when one has values near the 99th percentile then when one has
values that are higher. This will require some degree of individualization in
regard to the assay used locally but will provide a potent ability to distinguish
those more chronic elevations from those associated with acute disease. The
latter obviously may require hospitalization whereas the former likely can be
evaluated as outpatients.

Case 2

A 56-year-old gentleman with a known history of hypertension but without a
history of coronary artery disease presents with left shoulder pain. He has been
on hemodialysis for 3 years with excellent results because of polycystic kidney
disease but his blood pressure has been difficult to control with hypertension
when he is off dialysis and hypotension when dialyzing. He indicates that his
left shoulder pain had on occasion migrated toward the center of his chest,
but he had also been outside building a swing set for his children during



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:8

Interpreting new guidelines for myocardial infarction 123

the past weekend. His electrocardiogram showed LVH with secondary ST–T
wave changes. His troponin T on admission was 0.09 ng/mL and 8 hours later
was 0.10 ng/mL (99th percentile ≤0.01 ng/mL). The emergency department
physician wanted to admit the patient because of the shoulder pain in the
absence of a defined etiology and the fact that an elevated troponin defines
high cardiovascular risk in this individual. The cardiologist was reluctant. You
are called and asked for an opinion.

Discussion of Case 2

As indicated above, this gentleman presents with troponin values that are not
changing [6]. Patients with renal failure and particularly when one is measur-
ing cardiac troponin T can have elevations of cardiac troponin. Usually, they
are modest, as in this case. Although this patient is clearly at increased risk
long-term (Fig. 11.3) given the data from several groups [11, 12], the likelihood
of a short-term problem related to his troponin is far less likely [6]. This is
an example where structural heart disease may well be responsible for a tro-
ponin elevation, and this is a patient probably who could be evaluated as an
outpatient given the relative benign nature of his presentation, the fact that
another putative etiology for the discomfort is present (trauma while building
the swing set). However, often when these patients are not admitted, their tro-
ponin elevations are ignored, and that is not appropriate. The Federal Drug
Administration has approved the use of cardiac troponin T for risk stratifi-
cation in patients like this who are on dialysis and the recent renal dialysis
guidelines suggest that such an approach is appropriate [13]. Further research

All-cause Mortality by Cardiac Troponin T (n = 733) 

Time since blood draw (years)

Cumulative
survival

(%)

Patients at risk (no.) Baseline 1 yr 2 yr             2.5 yr

cTnT <0.01 μg/L 132 106 25             12

cTnT ≥0.01 to <0.04 μg/L 214 166 41             15

cTnT ≥0.04 to <0.10 μg/L 239 180 63             18

cTnT ≥0.10 μg/L 148   93 20               8
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Figure 11.3 Importance of elevations of troponin in patients with renal failure. (Reproduced with

permission from Ref. [11])
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is necessary to define what the therapeutic implications of such an approach
might be, but there are a large number of potential approaches one could take. It
is known that patients who have hypertension that is poorly controlled and/or
intra-dialysis hypotension are at increased risk for cardiovascular events, par-
ticularly if left ventricular hypertrophy is concomitantly present [14]. Thus,
taking this gentleman’s problem seriously would be terribly important, but it
is not clear that could not be done in the outpatient setting.

If on the other hand, the values for cTnT had been rising, admission would
have been advised. If subsequently, it appeared that the discomfort he had
was likely cardiac in etiology, his prognosis, as with others who present with
unstable ischemic heart disease and elevated troponins, would be adverse
[15]. Obviously other acute causes for the elevations could also be present as
described in other chapters.

Case 3

A 63-year-old man presented with 2 hours of the onset of new central chest dis-
comfort to a rural hospital. His ECG showed inferior ST segment elevation, and
he was given TNK and heparin and transferred to a tertiary referral center. His
initial troponin value was normal, but it had risen to a value of 0.88 ng/mL (99th
percentile of the assay used in this circumstance was 0.07 ng/mL) by 6 hours
and to a high of 1.05 ng/mL at 15 hours. Then it declined to 0.76 ng/mL
at 24 hours. The next day prior to the time when catheterization had been
scheduled, he had recurrent chest discomfort and an immediate troponin re-
sult was obtained, which was 0.66 ng/mL. It subsequently rose to 0.98 ng/mL
by 6 hours after stenting of the RCA for an 85% stenosis with some angio-
graphically visible thrombus. A diagnosis of post-PCI injury was made by
the attending physician, but the cardiac catheterization attending felt that the
elevated troponins were due to acute reocclusion and recurrent infarction. You
are asked to determine which of these individuals is correct.

Discussion of Case 3

This case is important from several perspectives. First of all, it indicates the
modern day approach to making the diagnosis of recurrent infarction. The
original concepts developed years before the reperfusion era when the mean
time to reinfarction was 10 days [16, 17]. Accordingly, the concept evolved
that any elevation of biomarkers (at that time CKMB) could be considered
indicative of recurrent infarction. This obviously cannot be done with troponin,
which continues to be elevated for a substantial period of time. However,
with modern day interventional therapies, most patients go home 3–4 days
after acute events. Thus, for many reinfarctions, which often occur early after
admission and/or intervention, both troponin and CKMB may be elevated at
baseline. If so, two results are necessary to make the diagnosis of recurrent
infarction. An immediate result is necessary to provide a baseline value and a
follow-up value is needed to document a rising pattern [18]. In this instance,



P1: OTE/SPH P2: OTE
BLUK084-Adams May 10, 2007 15:8

Interpreting new guidelines for myocardial infarction 125

the rise was substantial, over 33%, indicative of reinfarction. Whether that
reinfarction was due to the procedure or due to urgent reocclusion will be
addressed below. Nonetheless, given these circumstances, the use of troponin is
at least equivalent for the diagnosis of reinfarction and given its other improved
characteristics, this author would argue it is the analyte of choice for detection
of reinfarction.

Of some importance is how to distinguish a real change from analytic vari-
ability related to the assay. If one does the calculations suggested for determin-
ing whether or not values are analytically different, they suggest that it is very
unlikely to have a value more than three standard deviations of the variability
of the measures when one is dealing with values that have similar variability
around them [19]. For most troponin assays at values that are elevated as when
reocclusion or recurrent infarction occurs, these values have a variability of
5–7%. Thus, an estimate of roughly a 20% change would be highly significant.
Similar criteria could then be applied even on the down slope of the curve of
someone who is having ST elevation infarction and has very high values. A
similar approach can be taken with CKMB, but it is not clear given its lack of
sensitivity that it would be nearly as sensitive and/or specific.

The second issue relates to whether this is reocclusion and reinfarction or
related to the procedure itself is an important issue for the interpretation of
post-PCI values. The issue of how to deal with baseline elevations in troponin
has been ignored in most of the literature in this area. However, recent data sug-
gest that if one adds the baseline troponin result to post-PCI values in defining
prognosis that it is the baseline pre-PCI result that governs subsequent prog-
nosis [20]. In this situation, elevations of neither troponin nor CKMB add infor-
mation in regard to prognosis. This finding would provide a good explanation
why previous studies, which did not take into account the baseline troponin,
only the less sensitive baseline CKMB might have focused on post-PCI values
as having prognostic significance. It is also clear that when one has elevations
at baseline, the values that occur for both troponin and CKMB after PCI are
much higher. In some instances, this may reflect the fact that the troponin is
rising as in this patient, and it is very likely that the increase, which may have
been augmented by the procedure, was largely due to reocclusion and rein-
farction. In other patients, it may be that the troponin is simply a marker of
an adverse anatomy, which is known to be associated with post-PCI values.
Thus, in the presence of an abnormal baseline troponin, the ability to deter-
mine whether or not subsequent elevations are due to natural progression of
the event occurring on admission or due to the procedure is impossible. Such
elevations should not be designated as post-PCI elevations but should be re-
lated probably to the original event. If one has a stable but elevated baseline,
the issue is more complex and unlikely one can utilize criteria for recurrent
infarction in that circumstance.

In the patient who has a normal baseline troponin, subsequent elevations are
generally very mild. Very few will reach the threshold suggested for CKBM of a
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Figure 11.4 Significance of post-PCI C-troponin elevations when the baseline value is normal.

(Reproduced with permission from Ref. [20])

multiple-fold increase, and there appears to be no prognostic significance as-
sociated with such elevations (Fig. 11.4) [20].

Nonetheless, it may be valuable from the point of view of quality control,
quality assurance of new procedures, and/or the evaluation of various op-
erators to evaluate post-PCI values. In addition, there may be an occasional
marked elevation, which will in general correlate with in hospital complica-
tions [20]. However, it appears from the data cited above the prognostic signif-
icance whether it is of troponin or of CKMB is totally ablated when one factors
the baseline troponin, a known risk factor into the equation.

These case vignettes characterize several elements of what are likely to be-
come part of the new standards. No one can definitively anticipate the future,
but these appear to be likely adjuncts to new criteria.
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CHAPTER 12

Basics of natriuretic peptides: practical
aspects of assays, potential analytical
confounders, and clinical interpretation

Alan H.B. Wu

Case 1: increased BNP in the presence of other confounding
clinical variables

A 72-year-old white female is admitted to the emergency department (ED) with
a chief complaint of dyspnea upon mild exertion. She has a history of acute
coronary syndromes having suffered a non-ST-elevation myocardial infarction
10 years ago, but currently denies chest pain. A recent exercise stress test re-
vealed the absence of ischemia. She has a prior history of hyperlipidemia. She
is not a smoker, and has no prior history of heart failure, liver, pulmonary,
or renal disease, hypertension, or diabetes. She regularly takes salicylates, a
β-blocker, and a statin for high LDL cholesterol. The patient is 5 foot 9 inches
tall and weighs 122 pounds (body mass index, BMI = 18.0). Laboratory results
revealed a normal electrolyte panel, glucose 150 mg/dL (normal 70–99), crea-
tinine 1.3 mg/dL (normal 0.6–1.2), estimated glomerular filtration rate (eGFR
from the Modification of Diet in Renal Disease equation) 40 mL/min, urea
nitrogen 36 mg/dL (normal 8–23), hemoglobin 12.5 g/dL (normal <12.0), car-
diac troponin I <0.1 ng/mL at ED presentation and <0.1 ng/mL at 8 hours
later (99th percentile <0.1), and B-type natriuretic peptide (BNP) 195 pg/mL
(Biosite Triage <100 pg/mL). The patient is admitted to a non-ICU cardiology
bed for further workup for possible heart failure. An echocardiogram revealed
an ejection fraction of 50% (normal 45–55%). Based on this and other clinical and
laboratory factors, a diagnosis of heart failure was ruled out. The patient was
given diuretics that reduced the creatinine to 1.0 mg/dL and urea nitrogen to
22 mg/dL. The patient was discharged after 48 hours with a BNP of 84 pg/mL.

Discussion of Case 1

The absence of chest pain and a negative troponin at presentation and after 8
hours ruled out acute coronary syndromes during this admission. Although
this patient has a BNP concentration that exceeded the cutoff concentrations,
there were several other confounding variables that potentially contributed
to the increased BNP concentration. It has been well established that among
healthy individuals, BNP concentrations increase with age. Within an age
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group, women have higher BNP concentrations than men [1]. In studies con-
ducted by the manufacturer of the BNP test used in this case, the median, 95th
percentile, and range of values for women over the age of 75 years was 53.9,
179.4, and 5–218 pg/mL, respectively [2]. BNP concentrations are also affected
by BMI and renal function. Among patients without heart failure, there is an in-
verse relationship between BMI and log BNP concentrations: lean individuals
(BMI <18.5) have higher BNP concentrations than those who are overweight
(BMI 25.0–29.9) or obese (≥30.0) [3]. For patients with renal insufficiency, there
is a direct relationship between eGFR and log BNP concentrations [4]. Regard-
ing anemia, there is one study that showed a relationship between hemoglobin
and log BNP, but only in men [5].

In this case, the patient had a history of acute coronary syndromes and
was therefore at high risk for development of heart failure. However, she also
had many of the confounders that increase BNP concentrations in the absence
of heart failure, such as increased age, female gender, a lean BMI, and renal
insufficiency. Although a cutoff of 100 pg/mL is typically used for diagnosis
of heart failure, the clinical specificity at this cutoff is only 76% [6]. Thus, the
BNP Consensus Panel has stated that a BNP concentration of >500 pg/mL for
optimum specificity and positive predictive value [7]. In this case, a marginally
increased BNP concentration was insufficient to rule in heart failure as the
principal diagnosis. A normal ejection fraction also confirmed the absence of
systolic heart failure.

Case 2: BNP and NT-proBNP concentrations in a patient who
was transferred to another facility

A 55-year-old female presents to the ED with a diagnosis of decompensated
heart failure. She was visiting a friend at a neighboring city when she became
severely short of breath. She has a history of New York Heart Association
(NYHA) Class II heart failure and has had several ED visits over the past year.
The patient has hypertension, normal renal function, and has no history of
coronary artery disease. An echocardiogram revealed an ejection fraction of
35% indicating mild systolic heart failure. Her B-type natriuretic concentration
is 800 pg/mL (Biosite Triage <100 pg/mL). Her current medications included
a β-blocker and an angiotensin converting enzyme (ACE) inhibitor. While in
the hospital, she is treated with a diuretic resulting in an improvement in her
breathing. Because she wanted to be closer to her home, she was transferred
to the hospital where she had been previously treated. A new blood sample
5 days after her initial hospitalization revealed an NT-proBNP concentration
of 600 pg/mL. The patient is discharged with a prescription for a higher ACE
inhibitor dosage.

Discussion of Case 2

This case is complicated by the fact that the two hospitals that the patient was
seen at used different analytes and assays for monitoring her heart failure.
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Figure 12.1 Release of BNP and NT-C from proBNP. (Used with permission from European

Journal of Heart Failure, Elsevier Science)

Both BNP and NT-proBNP are released from proBNP (Fig. 12.1) as the result
of increased ventricular filling pressures and volume overload [8]. In contrast
to the biologically active BNP, NT-proBNP is inactive and has a longer half-life
in blood (60–120 minutes versus 20 for BNP) [9]. BNP is cleared by natriuretic
peptide receptors while NT-proBNP is largely cleared by renal function. Both
are degraded in plasma by circulating proteases.

The clinical correlation between BNP and NT-proBNP testing has been
shown to be essentially equivalent, particularly in patients without renal fail-
ure [10]. However, the analytical correlation between these two markers is
not precise. In a published comparison of methods, the correlation between
NT-proBNP (Roche Elecsys, y) and BNP (Biosite Triage, x) was: y = 6.09x +
1132 pg/mL, r = 0.755 [11]. Given the correlation coefficient that is not near
unity, there is no conversion factor that can be applied to precisely convert
one result to another. The manufacturer’s recommended cutoff concentrations
for BNP are 100 pg/mL (Biosite) and 125 pg/mL for NT-proBNP (Roche, for
this patient’s age). These cutoff concentrations are not consistent with the de-
rived regression correlation between the two assays (i.e., slope of the equation),
which showed that the NT-proBNP assay produced results that are roughly
sixfold higher than for BNP. The pro-BNP Investigation of Dyspnea in the
Emergency Department (PRIDE) study [12] showed that an NT-proBNP con-
centration of 450 pg/mL appears to be more congruent with 100 pg/mL BNP
cutoff concentration derived from the Breathing Not Properly (BNP) Trial [6].
Using these respective cutoff concentrations, the diagnostic accuracy of these
two tests is matched at 83%.
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In this case report, the initial BNP concentration at 800 pg/mL was highly
indicative of decompensated heart failure, as it is eightfold higher than the
cutoff. While an absolute reduction in values from 800 to 600 pg/mL to NT-
proBNP does not appear to be great, in actuality, there was a substantial reduc-
tion relative to the reference range, as this latter result for NT-proBNP is only
marginally higher than the cutoff of 450 pg/mL. Thus, these data suggest that
this patient had reached compensation to her heart failure with diuretic use
and fluid clearance, consistent with clinical improvement of symptoms. The
discharge NT-proBNP concentration was more consistent with her NYHA-II
classification.

Case 3: decreased BNP in the presence of pre-analytic
variables

A 45-year-old man with a history of NYHA Class III heart failure presents
to the heart failure clinic for his bimonthly routine evaluation. The patient is
on digoxin and an angiotensin II inhibitor. He has been seen in this clinic for
the past year at 2-month intervals (Fig. 12.2). His plasma BNP concentration
has been reasonably steady. Because he has been feeling better, he missed his
last exam and is now 4 months from his last visit. In the past, his blood is
collected into plastic tubes containing EDTA, the sample is centrifuged within
30 minutes, and the plasma is put into the –20◦C freezer. The frozen sample
is picked up by a courier in the evening, where it is delivered to a nearby
reference laboratory and tested for BNP (the assay is unspecified). Today, a
temporary nurse has collected the blood into a glass heparin tube, centrifuged,
and the plasma is placed into the refrigerator. It is picked up by the usual
courier tested approximately 6 hours after collection using the same assay as
before. When the results return from the laboratory, the attending physician,
unaware of the potential pre-analytical issues, tells the patient that a reduced
dosage of angiotensin inhibitor was indicated.
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Figure 12.2 BNP concentrations in Case 3.



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 19:45

132 Chapter 12

Discussion of Case 3

BNP is very unstable in blood and plasma and requires careful attention to
pre-analytical conditions for optimum recovery of results. All manufacturers
recommend that blood be collected in plastic EDTA tubes, as there is significant
degradation of BNP due to the activation of the kallikrein system when glass
is used [13]. EDTA is important as it inhibits serum proteases that are present
at variable activities within blood [14]. Other inhibitors of arginine, serine, and
kallikrein proteases can be used to further stabilize BNP in plasma, but are
not available in existing blood collection tubes and must be inconveniently
added after collection. While most manufacturers demonstrate BNP stability
within 4 hours after collection, there are differences in the recommendations
after 4 hours. Biosite states that plasma should be frozen at –20◦C if testing
cannot be conducted within 4 hours. Abbott permits refrigerated (2–8◦C) stor-
age of whole blood or plasma but not room temperature, for up to 24 hours.
Bayer suggests that whole blood samples are stable for up to 24 hours at either
room temperature or refrigerated, and plasma is stable under refrigeration
only. These differences in apparent stability relate to the mechanism by which
BNP is degraded and the specific antibody combinations that are used for its
measurement [15]. It may be possible that some antibody epitopes are lost
during the degradation process while others are maintained.

In this case, the use of a glass tube and heparin as the preservative was in-
appropriate and likely compromised the BNP concentration that was found. It
was inappropriate of the attending physician to lower the heart failure med-
ication based on this erroneous result. Although there appeared to be a trend
toward decreasing BNP concentrations during the last two visits, the result
from the 7/2005 visit was well within the intra-individual biological variation
of the test, estimated to be about 40% [16], while the result from the 11/2005 visit
was probably falsely low as the result of the incorrect tube used. The delay from
collection to testing may have also reduced the true BNP value (see Fig. 12.2).

Most attending physicians are unaware of pre-analytic variables affecting
laboratory test results. Fortunately, the majority of analytes testing in the clin-
ical laboratory have adequate stability and this is not a major issue. BNP is
an exception and requires strict attention to sample handling details, particu-
larly in an outpatient environment. Point-of-care testing within the physician
office would reduce the pre-analytical variables associated with BNP testing.
Alternatively, NT-proBNP testing could be used on an outpatient basis, as this
analyte can be tested on heparinized plasma and serum, and has longer-term
analyte stability [17]. It would not be appropriate, however, to use different tests
within the same patient for longitudinal monitoring of heart failure therapy.
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CHAPTER 13

Natriuretic peptides in clinical practice

Alan Maisel

Introduction

The explosion of natriuretic peptide levels in clinical practice has presented
an opportunity to improve patient care with congestive heart failure (CHF),
with regard to both diagnosis and treatment. However, natriuretic peptide
determinations are nearly never straightforward, but must be interpreted in
light of other clinical factors including the history and physical examination,
other laboratory tests, along with understanding the nuances of natriuretic
peptide levels. The following cases will help clear up some of these nuances
and should make for a better understanding of their use in CHF.

Part I: BNP and diagnosis of CHF

Case 1

A 64-year-old patient comes to the emergency department (ED) with severe
shortness of breath. He is new to the hospital system. On exam, he has poor air
movement, normal JVP, and the question of a gallop. He has no edema. CXR
is suboptimal. His BNP level comes back at 34 pg/mL.
A. The cause of this patient’s dyspnea is likely to be CHF
B. The cause of this patient’s dyspnea is likely not to be CHF
C. The cause of this patient’s dyspnea is a mixture of CHF and pulmonary

disease
The answer is B. The negative predictive value of BNP is one of the strongest

features of the BNP assay. This was illustrated by Breathing Not Properly
Study, the first large-scale, multinational prospective study using BNP levels
to evaluate the cause of dyspnea. In this study of 1586 patients who came to the
ED with acute dyspnea, patients’ BNP levels were measured upon arrival, and
the ED physicians (blinded to levels) were asked to assess the probability of
the patient having CHF [1]. Two independent cardiologists also blinded to the
BNP levels later reviewed all clinical data and standardized scores to produce
a “gold standard’’ clinical diagnosis. BNP levels by themselves were found to
be more accurate predictors of the presence or absence of CHF than any his-
torical or physical findings or laboratory values. BNP levels were much higher
in patients with subsequent CHF than with those of non-cardiac dyspnea (675
pg/mL versus 110 pg/mL). A BNP cutoff value of 100 pg/mL had a sensitivity
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of 90% and a specificity of 76% for differentiating CHF from other causes
of dyspnea, and a cutoff level of 50 pg/mL had a negative predictive value
of 96%.

Case 2

A 64-year-old comes to the ER with 2 hours of shortness of breath. The res-
ident draws a BNP level which is only 75 pg/mL. Yet the patient is clearly
in pulmonary edema with rales up to the clavicles, big neck veins, and pul-
monary edema on chest X-ray. He excitedly pages the attending claiming the
prize (attending) pays for dinner for two for the first patient with CHF and ab-
normal ventricular function, but who has a normal BNP. The attending comes
down and examines the patient (doing one thing the resident forgot), and the
patient is quickly herded off somewhere. The resident ends up having to buy
the attending dinner. What did the attending find in the exam that made the
resident pay up?

BNP levels should be elevated in all cases of congestive heart failure in which
the ventricle is involved and the myocyte is stretched. This patient appears to
have real congestive heart failure. The fact that the BNP is not elevated sug-
gests a number of scenarios. Flash pulmonary edema occurs in such a short time
that BNP levels may not have enough time to elevate. Also, if the heart failure
is “upstream’’ from the left ventricle, as is the case here, BNP may not be ele-
vated. In the present case, the patient had a silent inferior myocardial infarction
1 week previously and now presented with acute onset of mitral regurgitation
secondary to papillary muscle rupture. All the heart failure is upstream from
the left ventricle, which is why the BNP is not elevated.

Case 3

A 75-year-old patient presents to the ED with fatigue, mild shortness of breath,
and dizziness. One week prior, he had URI symptoms with stabbing chest pain.
On exam, his blood pressure is 90/60, pulse 95 and while he has no rales, he
has JVP to the angle of the jaw. His BNP is only 36 pg/mL. What should be the
next step?
A. Diuresis
B. Inotropes
C. Echo and pericardiocentesis
D. Immediate coronary artery angiography

In a patient who appears to have clear CHF, a normal BNP should alert the
physician to several things. There are several conditions that mimic CHF but
have normal BNP levels. Cardiac tamponade and constrictive pericarditis are
probably those most important in this regard. In this case, the patient was
subsequently found to have a large pulsus paradoxus and echocardiography
revealed a large anterior pericardial effusion with diastolic collapse of the right
ventricle. Subsequent pericardiocentesis alleviated the problems.
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Case 4

You are called to a “code-blue’’ in dialysis clinic. You find a man who is being
dialyzed but has a pressure of only 60 over 40. He has underlying LV diastolic
dysfunction, but carries a pre-dialysis BNP level of around 600. As you revive
him, the nurse mentions that a BNP before dialysis was only 240 pg/mL. Which
of the following are likely to be true about the patient:
A. He no longer needs to be on dialysis.
B. BNP levels are not helpful in the setting of renal failure, so why bother.
C. The code-blue had nothing to do with the low BNP level.
D. When you later talk to the patient you find out he ate a frozen burrito from a

fast food store and had 2 days of diarrhea. Thus, the lower BNP level likely
represents decreased volume, even in the setting of renal failure. Therefore,
less fluid should have been taken off the patient.

The answer is D. There is confusion on how to use BNP levels in patients
with renal dysfunction. The BNP Multinational Study was pivotal in establish-
ing the correlations between eGFR and BNP in those with and without CHF
[2]. This study pointed out that BNP values should not be interpreted in isola-
tion, but should be integrated with other findings in the diagnostic evaluation.
Importantly, chronic kidney disease (CKD) does appear to influence the opti-
mum cutpoints for BNP in the diagnosis of CHF. In general, as the CKD stage
advances, a higher cutpoint of BNP is implied. A cutpoint of ∼200 pg/mL is
reasonable for those with eGFR <60 mL/min/1.73 m2. Using this approach,
BNP would maintain a high level of diagnostic utility with an area under the
receiver operating characteristic curve of >0.80 across all CKD groups. In the
present case, the patient’s baseline BNP included that from volume overload,
when he became volume depleted because of the diarrhea, his BNP level was
now representative of clearance and diastolic dysfunction, but not of excess
volume.

Case 5

A 65-year-old patient with no previous cardiac or pulmonary disease comes
in with progressive shortness of breath over 1 week. On exam, he has rales,
normal JVP, and difficult to hear heart sounds. He has no edema. ECG shows
nonspecific ST changes. His chest X-ray shows a normal heart size with alveolar
pulmonary edema. One resident makes the diagnosis of CHF, the other of acute
respiratory distress syndrome (ARDS). How can you differentiate? (More than
one right answer)
A. PFT’s
B. Echocardiogram
C. Swan–Ganz
D. BNP level

The presence of these concomitant pulmonary disorders does not diminish
the utility of the BNP test in distinguishing patients with heart failure from
those without heart failure as long as one uses good clinical judgment along
with appropriate ancillary testing.
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Morrison et al. [3] demonstrated that rapid testing of BNP could help differen-
tiate pulmonary from cardiac etiologies of dyspnea. Some types of pulmonary
disease, such as cor pulmonale, lung cancer, and pulmonary embolism have
elevated BNP levels, but these are not usually elevated to the extent as in pa-
tients with dyspnea from CHF. In a substudy of Breathing Not Properly [4],
it was demonstrated that of 417 patients with a history of asthma or chronic
obstructive pulmonary disease without a history of CHF, 21% were found to
have newly discovered CHF. Only 37% were identified in the ED while a BNP
>100 pg/mL identified 93%. Additionally, BNP levels greater than 100 pg/mL
provided diagnostic information beyond that obtained from individual chest
radiographic indicators (3,4).

Because BNP levels have been a useful surrogate of wedge pressure and
are useful in differentiating heart failure from lung disease, they may be of
value in differentiating noncardiogenic from cardiogenic pulmonary edema
[5]. BNP levels were obtained in 35 patients with ARDS and from 42 patients
hospitalized for severe dyspnea with the diagnosis of CHF. The median BNP
level in patients with CHF of 773 pg/mL was significantly higher than patients
with ARDS (123 pg/mL; p < 0.001). The area under the receiver-operated
characteristic curve using BNP to differentiate CHF from ARDS was 0.90 (0.83–
0.98; p < 0.001). At a cutpoint of 360 pg/mL, there was 90% sensitivity, 86%
specificity, 89% positive predictive value, and a 94% negative predictive value
(accuracy = 88%) for ARDS versus CHF. Thus, BNP may be accurate enough
to differentiate noncardiogenic from cardiogenic pulmonary edema such that
invasive hemodynamic catheter placement may not always be necessary. BNP
levels >360 pg/mL suggest CHF as the diagnosis.

A pulmonary embolism large enough to raise the pulmonary artery pres-
sure due to right ventricular strain may raise BNP levels. If the above can be
ruled out, it is much more likely that BNP levels between 100 and 400 pg/mL
represent CHF. In fact, BNP levels, along with troponin levels are prognostic
in patients with pulmonary embolism [6].

Finally, BNP levels are closely related to functional impairment of patients
with primary pulmonary hypertension and parallel the extent of pulmonary
hemodynamic changes and right heart failure [7]. It is speculated that serial
measurements of BNP may help improve the management of these patients.

Case 6

A 75-year-old woman with hypertension comes in with progressive dyspnea
on exertion. A stress test was normal and a MUGA showed an ejection fraction
of 55%. Her BNP is 255 pg/mL. Which of the following is correct?
A. She does not have CHF
B. She has severe pulmonary disease
C. She likely has diastolic dysfunction

Diastolic dysfunction, which is a common cause of CHF in patients present-
ing with dyspnea, is also associated with high BNP levels [8, 9]. In the Breath-
ing Not Properly Study, BNP levels were roughly half as high as patients with
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systolic dysfunction (60) and interestingly, were similar in magnitude to pa-
tients with the diastolic patients with “restrictive-like’’ filling patterns through
the mitral valve. A number of studies have elucidated the value of BNP lev-
els to detect diastolic dysfunction. Lubien et al. [8] assessed BNP levels in 294
patients referred for echocardiography. Patients diagnosed with evidence of
abnormal LV diastolic function (N = 119) had a mean BNP concentration of
286 ± 31 pg/mL while the normal LV group (N = 175) had a mean BNP con-
centration of 33 ± 3 pg/mL. Patients with restrictive-like filling patterns on
echo had the highest BNP levels (408 ± 66 pg/mL), and patients with symp-
toms had higher BNP levels in all diastolic filling patterns. The area under the
ROC curve for BNP to detect any diastolic dysfunction was 0.92 (0.87–0.95,
p < 0.001). A BNP value of 62 pg/mL had a sensitivity of 85%, specificity of
83%, and an accuracy of 84% for detecting diastolic dysfunction when systolic
function was normal.

Case 7

An obese man presents to the emergency room with progressive sob over the
past month. He now has severe SOB at rest. On exam, he is breathing 390 times
per minute JVP cannot be determined. Rales are not present and heart sounds
are very distant. His CXR is of poor quality. His BNP is 250 pg/mL.
1 Most patients with CHF this sick will have BNP levels over 1000 so that this
is not CHF
2 Pulmonary disease is the clear culprit
3 CHF is likely

CHF is indeed likely here. Obesity appears to be a marked risk factor for the
development of CHF [9]. Yet obesity can interfere with our usual diagnostic
approaches to CHF, including the physical exam, chest X-ray, and echocardio-
graphy [10, 11]. Thus, BNP levels may play in important role as an adjunct,
certain caution is warranted.

Mehra et al. were the first to demonstrate that there is a significant inverse re-
lationship between BMI (body mass index) and BNP levels [12]. The Breathing
Not Properly Study supports Mehra’s data. In patients presenting with heart
failure and low BMI had BNP levels >1000 pg/mL 50% of the time. Patients
with CHF and high BMI greater than 30 pg/mL had BNP levels >1000 pg/mL
in only 8–24% of patients.

Part II: BNP in hospitalized patients

Case 1

A 78-year-old male is admitted for severe decompensated CHF. He has rales
to the clavicles, a third heart sound, and JVP to the angle of the jaw. A Swan–
Ganz catheter is placed and he has a filling pressure (wedge) of 33 mm Hg.
His baseline BNP that is usually in the 200s is now 1600. Using diuretics and
nitroprusside the wedge pressure falls to 22 mm Hg and he has a net urine
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output of 3 L. What can be said about the BNP level measured the following
morning.
A. No change in BNP
B. Should show a marked decrease (up to 50 pg/mL/hour)
C. BNP levels will increase

The answer is B. Since a major stimulus for the release of BNP is increased
wall tension, one might expect that BNP levels would correlate with elevated
LV filling pressures. Indeed, there is a body of data to support that supposition.
However, in the clinical setting there are many occasions where high BNP
level is not associated with high filling pressures. Some of these situations
include BNP elevations from right-sided failure secondary to cor pulmonale,
pulmonary embolism, or primary pulmonary hypertension; acute or chronic
renal failure; and rapid lowering of the wedge pressure with diuretics and/or
vasodilators before a Swan–Ganz catheter is placed.

While in a given patient the BNP level does not always correlate to wedge
pressure, in a patient admitted with CHF and high filling pressures secondary
to volume overload, along with a high BNP level (“wet BNP,” see below), a
treatment-induced decrease in wedge pressure will almost always be asso-
ciated with a rapid drop in BNP levels, as long as the patient is maintain-
ing adequate urine output. Kazanegra et al. [13] measured wedge pressure,
hemodynamic measurements (pulmonary capillary wedge pressure [PCWP],
cardiac output, right atrial pressure, systemic vascular resistance [SVR]), and
BNP levels every 2–4 hours for the first 24 hours and every 4 hours for the next
24–48 hours in patients admitted for decompensated CHF. PCWP dropped
from 33 ± 2 mm Hg to 25 ± 2 mm Hg over the first 24 hours, while BNP
dropped from 1472 ± 156 pg/mL to 670 ± 109 pg/mL.

Case 2

Please match “wet BNP levels’’ (decompensated) and “dry BNP levels’’ (euv-
olemic) with the following scenarios:
A. Anything significantly over baseline BNP level with symptoms
B. If a patient comes to the ED with dyspnea, often over 600 pg/mL
C. Usually falls rapidly with treatment
D. BNP level once euvolemia is reached
E. Correlates with functional class and prognosis
F. Falls slower with treatment

The BNP level of a patient who is admitted with decompensated heart failure
is comprised of two components: that of a baseline, euvolemic “dry’’ BNP
level and that occurring from acute pressure or volume overload (“wet’’ BNP
level). At the point of decompensation, a patient’s BNP level will be a sum
of their baseline BNP level plus what volume overload adds. Anything over
the baseline BNP level with symptoms can be considered a wet BNP. In the
emergency room, these will nearly always be over 600 pg/mL. Wet BNP levels
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fall toward baseline rapidly with effective treatment. Dry BNP levels fall slower
with treatment and correlate to functional class and prognosis.

Case 3

A 75-year-old patient with previous hypertension, coronary artery disease,
and COPD is admitted with pneumonia and is intubated due to progressive
hypoxia and hypotension, presumably from sepsis. He improves on antibiotics,
but is still difficult to wean from the ventilator. One morning after he fails a
CPAP trial, someone orders a BNP. It comes back at 850 pg/mL.

The incorrect thing to do would be to:
A. Consider diuresis
B. Perhaps use Swan–Ganz guided therapy
C. Obtain echocardiography
D. Order a breathing treatment

The answer is D. The high BNP in this case strongly suggests that the dif-
ficulty in weaning may be secondary to lung water from high left ventricular
diastolic pressure. CHF monitoring and treatment may be a benefit in this case.

Case 4

You are taking care of a patient who has just come out of the CCU where he
was treated for severe CHF. With a swan in place, his BNP levels were lowered
from 1400 to 325 over 48 hours. He comes to the floor on digoxin 0.25 mg,
fosinopril 10 mg, and lasix 20 mg po. He can now lay flat in bed. The next day
you are about to send him home. His BNP level comes back at 750 pg/mL.
What should you do?
A. Outpatient follow-up
B. Back to the ICU—perhaps a swan
C. Up titrate beta-blocker
D. Consider in-patient titration of diuretics and ACE inhibitor

The lower the discharge “dry weight’’ BNP level is, the less likely the patient
will be an early victim to rehospitalization. This is because a low BNP level
(<200–300 pg/mL) represents an NYHA II patient and one that is more likely
to be in a true euvolemic state. There are several possible reasons that a BNP
level will rise following an initial rapid decline. First and foremost is that
the oral medical regiment (diuretics and vasodilators) is not yet at the proper
dose. These should be titrated depending on whether the major issue is fluid
overload or increased afterload. If a patient is over-diuresed in the hospital, the
subsequent renal impairment will cause a paradoxical increase in BNP levels.

Case 5

A patient comes in with apparent decompensated CHF. His BNP is 2300
pg/mL. He has no rales but his JVP is high and his blood pressure is only
95/65. He is given 80 mg of IV lasix and diuresis about 1 L. But his BNP level
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measured the following day did not drop. What are potential reasons for this:
(more than one may be right)
A. Patient is already at his “dry weight’’ BNP level, which is a bad prognostic

sign.
B. Patient is becoming pre-renal with the diuretics—which can actually de-

crease BNP clearance.
C. Patient might be getting rid of “third space’’ fluid, which is not the same as

lowering the filling pressure.
D. Resident actually ordered “latex’’ instead of lasix. Patient still breathing

rapidly but is now wearing rubber gloves.
There may be several explanations why elevated BNP levels do not fall with

treatment in some patients with congestive heart failure. First and foremost,
the high BNP level may actually be the patient’s “dry’’ BNP level and will not
be acutely lowered with diuretics or vasodilators. These patients tend to be
NYHA class IV and have a poor prognosis.

Perhaps, patients who have high BNP levels that do not respond to treatment
should be considered for other more invasive types of therapies such as car-
diac transplantation or use of ventricular assist devices. Patients with a wide
QRS might be considered for bi-ventricular pacing. In a recent trial of patients
who received ventricular assist devices for end-stage heart failure, BNP levels
appeared to fall as remodeling of the heart occurred, and an early decrease in
BNP plasma concentration was indicative of recovery of cardiac function dur-
ing mechanical circulatory support [14]. In any event, patients with high BNP
levels at discharge are at increased risk, and if nothing else, are candidates for
early follow-up and perhaps home nursing visits.

There are other reasons that a BNP level might not fall with treatment. It
is possible that with parenteral diuretic treatment of the decompensated, pre-
renal patient, further azotemia might occur. These will likely down-regulate
BNP clearance receptors, and BNP levels will rise. In this setting nesiritide in-
fusions might be indicated. Another possible scenario is that a patient with left
along with right heart failure and significant ascites and/or edema, may often
diurese many liters before BNP levels actually drop. This is possibly because
rather than lowering wedge pressure, the urine output is occurring secondary
to mobilization of third space fluid. Continuing diuresis and/or vasodilatation
should eventually lower BNP levels. Finally, acute, severe pressure or volume
overload might turn on the transcription of the messenger RNA for BNP to
such a degree, that even upon initial lowering of the wedge pressure, BNP
levels might sill be increasing.

Part III: monitoring BNP levels as an outpatient

Case 1

You are following a clinic patient with known CHF who has been stable NYHA
class II, taking digoxin, fosinopril, and lasix. His BNPs have been stable in the



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 17:0

142 Chapter 13

mid-200s. He comes into clinic one day complaining of fatigue and shortness
of breath. He is light-headed. He recently lost his wife due to breast cancer.
On exam, he is tachypneic and slightly tachycardic (102 bpm) with no other
findings. The best thing to do would be to:
A. Admit and treat for CHF.
B. Admit and put a swan in for diagnosis and treatment.
C. Up his outpatient regimen (increase diuretic).
D. Get a BNP level. If it’s <200–300 pg/mL, it probably is not decompensated

CHF.
The answer is D. Perhaps, the best way to keep a person out of the hospital

is not to let the discharge BNP level go up. Early after discharge, rise in BNP
levels often are associated with volume overload and diuretics may need to be
adjusted. As is the practice at several institutions [15] when a patient comes to
the urgent care center with symptoms that could represent a decompensated
state, a BNP level is drawn. If no different from baseline values, then decom-
pensation is unlikely. How high a BNP level should be over baseline to call it
decompensated is not known. As BNP is not a stand-alone test, it should be
used in conjunction with other features of the exam. In our experience, clin-
ical features of decompensation along with an increase of 50% or more from
baseline are often associated with decompensation.

Case 2

You have someone you see in clinic that has long-standing CHF from my-
ocarditis. He is on fosinopril 40 mg, lasix 40 mg, and you have begun to up-
titrate carvedilol. Right now he is on 12. 5 mg bid. You would like to titrate
up to at least 25 mg bid, but patient is reticent to try, as he felt weak with
the last up-titration. Patient otherwise feels as if he is NYHA class II (can do
most things he wants if he doesn’t go too hard). The normal BNP for class II
patients is about 200–300 pg/mL. His BNP is 450 pg/mL. What should you
do?
A. Add a diuretic and forget about carvedilol
B. He’s probably on enough beta-blocker now
C. Put him on transplant list
D. Reassure him about carvedilol because a BNP level this high might not be

the best thing in the world
The correlation between the drop in BNP level and the patient’s improve-

ment in symptoms (and subsequent outcome) during hospitalization suggests
that BNP-guided treatment might make “tailored therapy’’more effective in an
outpatient setting such as a primary care or cardiology clinic. The Australia–
New Zealand Heart Failure Group analyzed plasma neurohormones for pre-
diction of adverse outcomes and response to treatment in 415 patients with left
ventricular dysfunction randomly assigned to receive carvedilol or placebo
[16]. They found that BNP was the best prognostic predictor of success or
failure of carvedilol use. Recently, Troughton et al. randomized 69 patients
to N-terminal BNP-guided treatment versus symptom-guided therapy [17].
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Patients receiving N-terminal BNP-guided therapy had lower N–BNP levels
along with reduced incidence of cardiovascular death, readmission, and new
episodes of decompensated CHF. This study has spawned a number of larger
studies including the multi-center Rapid Assessment of Bedside BNP in Treat-
ment of Heart Failure (RABBIT) trial. But perhaps more importantly, is there
an outpatient level of BNP we should aim for? This may be the “holy grail’’
for BNP testing, for if such an optimal BNP level exists, it may be the point we
shoot for in titrating medications for patients. It is evident that patients with
poor ejection fraction but with BNP levels that are under 200 pg/mL have a
very good prognosis. A study of 452 ambulatory patients with an LV ejection
fraction <35% found that, in patients with mild to moderate CHF (NYHA class
I/II), BNP levels were independent predictors of sudden death, an important
cause of mortality in these patients. They found that a cutoff BNP level of
130 pg/mL differentiated between patients with high and low survival rates
of sudden death. Only 1% (1 of 110) of those patients with BNP levels below
the cutoff point died suddenly, in comparison to a sudden death rate of 19%
(43 of 227) among those patients with BNP levels above the cutoff point [18].
Using BNP levels to identify a patient population with a higher risk of sudden
death can help to tailor their treatment and extend survival.

It also appears that ACE inhibitors, angiotensin receptor blocker agents,
spironolactone, and perhaps beta-blockers drive BNP levels down, although
it is unclear whether this is a true marker of clinical improvement. In the Val-
sartan Heart Failure Trial (Val-HeFT), changes in BNP over time induced by
pharmacologic therapy were shown for the first time to correlate with morbid-
ity and mortality [19]. Patients with the greatest percentage decrease in BNP
and norepinephrine (NE) from baseline had the lowest morbidity and mortal-
ity, whereas patients with greatest percentage increase in BNP and NE were at
greatest risk. The authors found BNP to be more predictive of morbidity and
mortality than NE, or, in a separate analysis, than aldosterone.

Case 3

You are asked to see a 70-year-old patient with CHF. He had an MI 10 years ago.
Though his ejection fraction is only 23%, you are surprised that he plays 1 hour
of singles tennis everyday and never complains of shortness of breath. You are
even more surprised when his BNP level comes back less than 100 pg/mL.
What is going on?
A. The BNP level is wrong
B. The ejection fraction is wrong
C. The BNP reflects the fact that the heart has adapted nicely
D. The patient would have a high wedge pressure if swanned

The answer is C. There are many patients who have low ejection fractions but
who also have low BNP levels. In most of these cases the heart and periphery
has adapted. Most of these patients are asymptomatic or mildly symptomatic
(NYHA I-II) and have an excellent prognosis. Remember that the obese patient
will have lower levels of BNP than the non-obese patient.
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Conclusion

The purpose of this paper was to illustrate using patient cases how BNP levels
can be interpreted. The scenarios covered included the urgent care area, the
hospital setting, and the outpatient setting. BNP levels are an exciting addition
to the diagnosis and management of heart failure. They are not a stand-alone
test but should be interpreted by integrating other historical, exam and labo-
ratory tests. There is a learning curve for using BNP levels. It is the author’s
hope that the cases and discussion in this manuscript will further assist the
health-care practitioner in their quest for improved medical delivery.
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CHAPTER 14

Outpatient evaluation for
cardiovascular diseases using
natriuretic peptide testing

Aaron L. Baggish, James L. Januzzi

Introduction

Use of B-type natriuretic peptide (BNP) and its co-secreted amino-terminal
pro-peptide (NT-proBNP) has been shown to be useful for the diagnostic
evaluation of patients with acute dyspnea. These peptides can assist with
correctly identifying or excluding acute destabilization of heart failure (HF)
[1–3] and are also useful adjuncts for the triage and management of these
patients [2, 4]. The role of BNP and NT-proBNP testing in areas outside of
acute patient evaluation is only now becoming understood. There is great op-
timism that these markers will prove to be even more useful than originally
anticipated.

This chapter will examine the role of natriuretic peptide testing in the out-
patient setting across a wide variety of patient types: from the “apparently
well” patient with no known heart disease to those with either symptomatic
or previously documented heart disease. We will consider the role of BNP or
NT-proBNP for numerous indications in this very large population of patients
including early detection of HF in asymptomatic patients, risk stratification
for cardiovascular events and mortality in patients with known heart disease
(valvular, ischemic, congenital, and pulmonary arterial disease), and diagnosis
and exclusion of HF in patients with symptoms suggestive of this diagnosis.

The challenge of early detection of HF in those previously not suspected
of the diagnosis as well as comprehensive evaluation of those with known
structural heart disease and the clinical syndrome of HF is relevant. HF
and complications related to HF account for a staggering financial burden
to the healthcare system and have a grave impact on patient quality of life,
productivity, and mortality. In recognition of this fact, the American Heart
Association recently redefined the stages of HF [5], placing particular em-
phasis on considering those “at risk” for HF (Stage A) or those with asymp-
tomatic structural heart disease/HF in evolution (Stage B). It is thought that
earlier applications of therapies known to benefit HF, such as agents modi-
fying the angiotensin/aldosterone axis or beta adrenergic blockers might be
expected to favorably alter the ultimate prognosis of patients at these earlier
stages.

146
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Natriuretic peptide testing: asymptomatic patients with
no known heart disease

Case 1

A 71-year-old man is seen in a primary care clinic. He has a prior medical
history of type II diabetes mellitus as well as hypertension. He is without
symptoms, and has no sign of manifest cardiovascular disease, but he admits
that he is not overly active. He has a family history for HF. His physical exam-
ination is normal. His electrocardiogram demonstrates mild nonspecific ST–T
wave changes, but is otherwise unremarkable. What might natriuretic peptide
testing offer in the evaluation of this patient?

Discussion of Case 1
HF is an increasingly important issue to the healthcare system and the burden
of this syndrome is expected to rise as the general population ages. This is
related to the age-dependent prevalence of risk factors for the development of
HF, such as diabetes mellitus, hypertension, and coronary artery disease. By
definition, the above-presented patient is likely to have either AHA Stage A or
B HF and without echocardiography, this distinction is exceedingly difficult to
resolve. As the prevalence rates of asymptomatic left ventricular (LV) systolic
dysfunction in population studies may be as high as 3.0% [6–8], methods for
earlier detection of those at risk for, or those with early stages of HF would be
invaluable. It is neither logical nor cost-effective to perform two-dimensional
echocardiography for universal evaluation of at-risk patients in primary care.
Thus, the role of BNP and NT-proBNP testing for such patients is particularly
relevant.

Numerous studies of BNP or NT-proBNP testing for detection of asymp-
tomatic HF have addressed the potential utility of these assays for detecting
patients at risk for the development of clinically overt HF (Table 14.1). In a
head-to-head analysis of BNP and NT-proBNP, both assays were reasonably
useful for the identification of AHA Stage B HF, with an edge in specificity
for NT-proBNP (78% versus 69% for BNP, a difference that was statistically
significant) [9]. Examining the role of these markers for population surveil-
lance and screening, one trial obtained baseline NT-proBNP measurements in
672 subjects and then followed for a median period of two and a half years.
NT-proBNP was reported as being 92% sensitive and 86% specific for the
diagnosis of HF, and was also useful for stratifying risk patients for future
cardiovascular events, including mortality, over the period of follow-up [10].
Similarly, BNP concentrations in excess of 18 pg/mL were strongly predic-
tive of cardiovascular mortality over 4 years of follow-up in a random sample
of over 1600 subjects in Glasgow [11], presumably due to incident ischemic
heart disease events or HF. Similar findings relating hazard to concentrations
of BNP in the population were demonstrated by Wang and colleagues among
3346 subjects from the population in Framingham, Massachusetts, in whom
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concentrations of BNP were strongly predictive of incident cerebrovascular
and cardiovascular complications [12], including incidence of death from any
cause, major cardiovascular events, HF, atrial fibrillation, stroke or transient
ischemic attack, and coronary artery disease. After adjustment for traditional
cardiovascular risk factors, each increment of 1 standard deviation in the log of
BNP levels was associated with a 27% increase in the risk of death (p = 0.009), a
28% increase in the risk of a first cardiovascular event (p = 0.03), a 66% increase
in the risk of atrial fibrillation (p < 0.001), a 77% increase in the risk of HF
(p < 0.001), and a 53% increase in the risk of stroke or transient ischemic attack
(p = 0.002). In this relatively healthy population the measured BNP levels
[medians = 6.2 pg/mL (men), 10.0 pg/mL (women); 80th percentile = 20.0
pg/mL (men), 23.3 pg/mL (women)] were well below the absolute values that
have been established for the diagnosis of HF. These findings echo the results
of other studies of populations at various levels of risk for the development
of heart disease [13–15]. In each of these studies, elevated concentrations of
BNP or NT-proBNP appeared to identify neurohormonal disarray (even in
the absence of elevation in other markers of myocardial abnormalities such as
activation of the renin–angiotensin system [16]) in otherwise normal-appearing
patients and as such, may be useful for earlier detection or exclusion of HF. As
well, both BNP and NT-proBNP consistently appear to strongly-predict hazard
in these populations, even when adjusting for prevalent comorbidities [17, 18].

The data for population-based “screening” are not universally positive. A
community-based prospective cohort study of 3177 individuals from the Fram-
ingham Study was performed to assess the performance of B-type natriuretic
peptide for the screening of LV hypertrophy and systolic dysfunction. This
study demonstrated relatively poor specificity of BNP [19], which was likely a
reflection of the low baseline prevalence of disease in the studied population:
hypertension (67%), established cardiovascular disease (16%), and diabetes
(8%). Receiver operating characteristic curve (ROC) analysis of BNP testing
for LV hypertrophy or systolic dysfunction revealed an area under the curve
of <0.75 for both conditions. In addition to an evaluation of BNP testing used in
isolation, the authors developed a multivariable model for predicting echocar-
diographic phenotype consisting of clinical variables. The addition of BNP
testing to this model only marginally improved diagnostic accuracy and was
only statistically significant in men. The authors concluded that BNP testing
has limited usefulness as a screening tool for these diagnoses in lower-risk
populations. In a similar fashion, a subsequent report from the Mayo clinic
reported the performance of BNP as a biomarker for preclinical systolic and
diastolic left ventricular dysfunction [20]. In this study, 2042 individuals with-
out clinical HF but with underlying conditions including hypertension (29.5%),
diabetes (7.5%), and coronary artery disease (12.2%) had an echocardiogram
to assess for the presence of systolic and diastolic dysfunction and a concomi-
tant measure of serum BNP concentration. The authors then used ROC curve
analysis to determine the accuracy of BNP testing for the detection of echocar-
diographically determined diastolic and systolic dysfunction. In the overall
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cohort, BNP’s ability to predict myocardial dysfunction revealed an AUC of
0.79 with an optimal BNP partition value of 25.0 pg/mL. Considering the rel-
atively low prevalence of preclinical ventricular dysfunction (7.5%) and the
modest observed specificity of BNP for this diagnosis (76%), a strategy rely-
ing on BNP testing as a guide for the need to pursue echocardiography was
concluded to be suboptimal.

In aggregate, considering cardiovascular comorbidities with respect to test-
ing for BNP or NT-proBNP levels, it is logical to expect that natriuretic peptide
testing would be most useful for the evaluation of the “at-risk” population.
Indeed, existing supports the use of these markers for stratifying the risk in
such patients rather than the randomly selected general population.

As an example, hypertension is a primary risk factor for the development of
LV hypertrophy and ultimately HF. NT-proBNP has been shown to predict LV
mass in patients with hypertension [21, 22], and Hildebrandt and colleagues
demonstrated values of NT-proBNP to be quite strongly prognostic in this
patient population [21]. As well, when considering other prevalent risk fac-
tors for cardiovascular events in hypertensive subjects with LV hypertrophy,
Olsen and colleagues actually demonstrated an exaggerated predictive value
of NT-proBNP testing [23]. It is likely that BNP and NT-proBNP would also
be expected to detect early abnormalities in diastolic function among patients
with hypertension and data suggest potential utility for this application. In an
analysis comparing BNP to NT-proBNP for the evaluation of preclinical cardiac
impairment, Seino and colleagues demonstrated both markers to be useful for
the detection of diastolic abnormalities [24], though NT-proBNP appeared to
be superior to BNP in this regard, somewhat reminiscent of the superiority of
NT-proBNP over BNP for evaluating symptomatic patients with non-systolic
HF [25].

Another population at risk for incident cardiovascular events is patients with
diabetes mellitus, now considered to be a coronary artery disease “equivalent.”
As has been shown in several studies, testing for either BNP or NT-proBNP
is incrementally useful for identifying a risk for cardiovascular morbidity and
mortality in diabetic individuals, even when considering other prevalent ab-
normalities, such as hypertension or ischemic heart disease and the presence
or absence of symptoms suggestive of HF (Fig. 14.1) [26–32]. In keeping with
observations from other studies, the prognostic value of natriuretic peptides
appears to be amplified in diabetic subjects with other risk factors for structural
heart disease, including those with microalbuminuria [30–34]. In patients with
diabetes, it is likely that the signal detected predicting hazard is either subclini-
cal diastolic (or systolic) abnormalities, related either to changes in myocardial
structure/function related to the diabetic milieu, or the presence of subclinical
ischemic heart disease. Indeed, elevated natriuretic peptides may reflect the
presence of coronary artery disease in asymptomatic patients [35], and appear
to be strongly prognostic in these patients (with and without diabetes mellitus)
[29], implying a role for these peptides to stratify risk in patients at risk for, as
well as those with established HF.
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Figure 14.1 Kaplan–Meier survival curves of diabetic patients who died of all causes (including

the cardiac death) with B-natriuretic peptide (BNP) values < 120 and (120 pg/mL in the patient

groups referred for echo because of a clinical suspicion of heart failure (referred) and in those

randomly selected from an ambulatory diabetic clinic (not referred). (Figure reprinted with

permission from the Journal of the American College of Cardiology)

The relevant challenge is to identify the most logical application of the assays
for BNP or NT-proBNP for the evaluation of the asymptomatic outpatient. It is
now recognized that age and gender both modify the levels of these assays in
otherwise apparently normal patients [18, 36]. Thus, optimal interpretation of
the levels of natriuretic peptides in the general population should probably in-
clude consideration of both. As well, while the negative predictive value (NPV)
of BNP or NT-proBNP is well established, the positive predictive value (PPV)
is less secure for screening in general populations. Harnessing the high NPV, it
has been suggested that use of BNP or NT-proBNP as a “gate-keeper” for more
in-depth assessment of higher-risk subjects with echocardiography would be
expected to improve the ability to more appropriately evaluate those patients
more likely to benefit from further investigations [37, 38]. Conversely, integrat-
ing factors from clinical evaluation (such as history or physical examination
findings consistent with a risk for HF) [18] or other abnormal laboratory find-
ing (such as abnormalities on 12-lead electrocardiography) might be expected
to further improve the PPV of these assays [39].

Natriuretic peptide testing: patients with asymptomatic
heart disease

Given their relationship with diagnosis and prognosis in patients with symp-
tomatic HF, there is great interest in the use of natriuretic peptide testing for
the evaluation of patients without symptomatic HF but with established struc-
tural disease, such as valvular pathology, pulmonary artery hypertension, or
coronary artery disease. It is generally held that the standard of care for the
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management of patients with asymptomatic valvular heart disease is to inter-
vene at a time when the risk for morbidity and mortality rises. This “golden
moment” for surgical intervention [40] is thought to largely depend on identi-
fying the earliest stages of myocardial decompensation, either from pressure
overload (such as in the case of aortic stenosis) or volume overload (such as in
aortic or mitral regurgitation). While the timing for intervention has tradition-
ally been to await sentinel signs, such as the development of symptoms, dila-
tion of the LV on echocardiography, or the appearance of cardiac arrhythmia
such as atrial fibrillation, there is increasing enthusiasm for the use of natri-
uretic peptide surveillance in patients with valvular heart disease to identify
earlier signs of neurohormonal derangement in such patients. It is thought
that the mechanism of elevation of such markers in patients with preserved
LV function is likely reflective of the onset of diastolic abnormalities (reflected
by moderate elevations of the markers) followed by more marked elevations
in the markers in the subsequent onset of systolic dysfunction [41].

Aortic valve disease

Case 2

A 55-year-old female has a past medical history of a bicuspid aortic valve. She
has severe aortic stenosis with moderate aortic regurgitation. She is without
symptoms. What is the role of natriuretic peptide testing in the care of this
patient?

Discussion of Case 2
Several studies now demonstrate an intimate relationship between elevations
of BNP or NT-proBNP and symptom onset as well as ultimate prognosis in
patients with asymptomatic aortic stenosis (Table 14.2) [41–47]. Early data [42,
48] suggested a close relationship between the severity of aortic stenosis and
concentrations of both BNP and NT-proBNP. In fact, natriuretic peptide val-
ues were more strongly associated with symptom onset than aortic valve area.
Subsequent data demonstrate that among patients treated with or without aor-
tic valve replacement, NT-proBNP concentrations were consistently related
to myocardial performance and survival for those patients treated surgically
as well as those patients treated conservatively [45–47]. Among a cohort of
asymptomatic subjects from New Zealand, NT-proBNP elevation was the ear-
liest harbinger of the onset of symptoms (the traditional cross-road for surgical
intervention) [43, 46, 47]. While limited data exist, there appears to be a simi-
lar, albeit less intimate relationship between levels of natriuretic peptides and
aortic valve regurgitation [48–50].

Mitral valve disease

Case 3

A 62-year-old female with a past medical history of childhood rheumatic fever
and subsequent mitral valve stenosis presents for a routine health maintenance
visit. Her most recent echocardiogram, done 1 year prior to this visit, reported
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a calcific and thickened mitral valve with a mean trans-mitral gradient of 8 mm
Hg. She has no symptoms and is in sinus rhythm. What is the role of natriuretic
peptide testing in this patient’s assessment?

In patients with mitral stenosis, even though the left ventricle is theoretically
“protected” from volume or pressure load, concentrations of natriuretic pep-
tides still appear to be useful for tracking disease presence and severity. In a
study of 29 patients with isolated mitral stenosis, Arat-Ozkan and colleagues
demonstrated that NT-proBNP was related to echocardiographic findings and
functional classification [51]. The mechanism of the elevation of natriuretic
peptides in patients with mitral stenosis likely reflects atrial distension as well
as right ventricular pressure and volume overload due to pulmonary hyper-
tension. This hypothesis is supported by data from Shang and colleagues who
demonstrated that BNP concentrations were related to high left atrial and pul-
monary artery pressures, and were strongly predictive of the onset of atrial
fibrillation [52]. Notably, among those patients undergoing percutaneous bal-
loon valvulotomy, concentrations of BNP fell in parallel with the improvements
in trans-valvular gradient and resolution of pulmonary hypertension in those
in normal sinus rhythm, compared to those in atrial fibrillation where levels
remained elevated.

The relationship between mitral valve regurgitation and natriuretic peptides
is well established (Table 14.3) [53–55]. Although concentrations of natriuretic
peptides generally parallel the severity of mitral regurgitation [54, 55], it is now
thought that elevations of these peptides not only reflect the volume overload
in such patients, but also the myocardial consequences of such volume load.
Hence, it is not surprising that in patients with significant mitral regurgitation,
concentrations of BNP parallel the likelihood for death (hazard ratio per 10
pg/mL = 1.23, 95% confidence intervals = 1.07–1.48, p = 0.004) or the com-
posite of death and HF (hazard ratio per 10 pg/mL = 1.001–1.19, p = 0.04) [56].

Congenital heart disease and pulmonary hypertension

Case 4

A 22-year-old man with Down’s syndrome and a congenital membranous ven-
tricular septal defect is seen for a scheduled maintenance visit. He has no signs
or symptoms suggestive of right HF or pulmonary hypertension. What is the
role of natriuretic peptide testing in this setting?

Discussion of Case 4
The intimate relationship between natriuretic peptide concentrations and both
left and right heart structure and function has led to an increased enthusiasm
for the use of these markers for the longitudinal follow-up of patients with
congenital heart disease. As demonstrated [57–60], levels of BNP are useful to
sort out those patients with congenital heart disease complicated by right HF.
Levels of natriuretic peptides are thought to be related not only to ventricular
overload in congenital heart disease, but also to the degree of arterial oxygen



P1: OTE/SPH P2: OTE
BLUK084-Adams April 13, 2007 18:25

T
a

b
le

1
4

.3
S

u
m

m
a

ry
o

f
tr

ia
ls

a
d

d
re

s
s
in

g
th

e
ro

le
o

f
n

a
tr

iu
re

ti
c

p
e

p
ti
d

e
(N

P
)

te
s
ti
n

g
(B

N
P

a
n

d
N

T
-p

ro
B

N
P

)
in

p
a

ti
e

n
ts

w
it
h

m
it
ra

l
v
a

lv
e

re
g

u
rg

it
a

ti
o

n
.

N
a
tr

iu
re

ti
c

S
tu

d
y

Y
e
a
r

p
e
p

ti
d

e
(N

P
)

S
tu

d
y

o
b

je
c
ti
ve

(s
)

C
o

n
c
lu

si
o

n
s

B
ro

o
k
e

s
e
t

a
l.

1
9

9
7

B
N

P
D

e
te

rm
in

e
w

h
e

th
e

r
N

P
le

v
e

ls
a

re
e

le
v
a

te
d

a
n

d

p
re

d
ic

ti
v
e

o
f
L
V

d
y
s
fu

n
c
ti
o

n
in

a
s
y
m

p
to

m
a

ti
c

p
a

ti
e

n
ts

N
P

le
v
e

ls
w

e
re

s
ig

n
ifi

c
a

n
tl
y

h
ig

h
e

r
in

p
a

ti
e

n
ts

w
it
h

o
rg

a
n

ic
M

R
th

a
n

in
m

a
tc

h
e

d
c
o

n
tr

o
ls

w
it
h

n
o

rm
a

l

v
a

lv
e

s

S
u

tt
o

n
e
t

a
l.

2
0

0
3

B
N

P
a

n
d

N
T

-p
ro

B
N

P
D

e
s
c
ri
b

e
a

s
s
o

c
ia

ti
o

n
b

e
tw

e
e

n
N

P
le

v
e

ls
a

n
d

s
e

v
e

ri
ty

a
n

d
s
y
m

p
to

m
s

N
P

le
v
e

ls
in

c
re

a
s
e

w
it
h

M
R

s
e

v
e

ri
ty

a
n

d
a

re
h

ig
h

e
r

in
s
y
m

p
to

m
a

ti
c

c
o

m
p

a
re

d
to

a
s
y
m

p
to

m
a

ti
c

p
a

ti
e

n
ts

,
e

v
e

n
w

h
e

n
L
V

E
F

is
n

o
rm

a
l

M
a

y
e

r
e
t

a
l.

2
0

0
4

B
N

P
A

s
s
e

s
s

th
e

re
la

ti
o

n
s
h

ip
b

e
tw

e
e

n
fu

n
c
ti
o

n
a

l
M

R
a

n
d

N
P

le
v
e

ls
in

p
a

ti
e

n
ts

w
it
h

h
e

a
rt

fa
ilu

re

In
p

a
ti
e

n
ts

w
it
h

b
o

th
s
y
s
to

lic
a

n
d

d
ia

s
to

lic
h

e
a

rt

fa
ilu

re
,

th
e

p
re

s
e

n
c
e

o
f
M

R
is

a
s
s
o

c
ia

te
d

w
it
h

in
c
re

a
s
e

d
N

P
le

v
e

ls

D
e

ta
in

t
e
t

a
l.

2
0

0
5

B
N

P
D

e
fi
n

e
th

e
d

e
te

rm
in

a
n

ts
a

n
d

p
ro

g
n

o
s
ti
c

v
a

lu
e

o
f
N

P

le
v
e

ls
in

p
a

ti
e

n
ts

w
it
h

o
rg

a
n

ic
M

R

N
P

le
v
e

ls
w

e
re

m
o

re
s
tr

o
n

g
ly

a
s
s
o

c
ia

te
d

w
it
h

v
e

n
tr

ic
u

la
r

a
n

d
a

tr
ia

l
c
o

n
s
e

q
u

e
n

c
e

s
ra

th
e

r
th

a
n

d
e

g
re

e
o

f
M

R
.
E

le
v
a

te
d

N
P

le
v
e

ls
w

e
re

a
s
s
o

c
ia

te
d

a
d

v
e

rs
e

e
v
e

n
ts

in
p

a
ti
e

n
ts

m
a

n
a

g
e

d

c
o

n
s
e

rv
a

ti
v
e

ly
w

it
h

M
R

156



P1: OTE/SPH P2: OTE
BLUK084-Adams April 13, 2007 18:25

Outpatient evaluation for cardiovascular diseases 157

desaturation in patients with cyanotic heart disease [61], implying a role of
arterial oxygen content in the mechanism of natriuretic peptide release [62] for
those patients with cyanotic congential defects. Whether values of natriuretic
peptides will be useful for longitudinal management and earlier detection
of the onset of myocardial decompensation in patients with congenital heart
lesions is unclear, but early data suggest a role for patients with tetrology of
Fallot [63, 64] as well as in those with ventricular septal defects [65].

It is not surprising, in light of the understanding of the role played by the
right ventricle in elevations of BNP or NT-proBNP [66–69] that syndromes se-
lectively involving the right ventricle, such as pulmonary hypertension, may
be associated with elevations in natriuretic peptides. Such elevations are re-
lated to the presence and severity of pulmonary hypertension, and may change
in parallel with changes in pulmonary hemodynamics and patient functional
capacity [70–72] as well as response to inhaled pulmonary vasodilators [73].
This data suggests a role for BNP or NT-proBNP testing to monitor disease
progression and response to therapy in these patients. In addition, concentra-
tions of natriuretic peptides are strongly prognostic in patients with primary
pulmonary hypertension [70–72, 74, 75].

Ischemic heart disease

Case 5

A 67-year-old man with known coronary artery disease resulting in an inferior
wall ST-segment elevation myocardial infarction is seen for a routine office visit
2 years after his event. Prompt cardiac catheterization at the time of his initial
presentation culminated in successful stenting of his right coronary artery. A
post-catheterization echocardiogram showed preserved left ventricular func-
tion. He has no symptoms or signs of recurrent ischemia or HF. What is the
value of natriuretic peptide testing for this patient?

Discussion of Case 5
Although the relationship between BNP or NT-proBNP for predicting re-
infarction in patients with acute ischemic coronary disease is less established,
as noted above, there is a clear association between BNP and NT-proBNP
and myocardial ischemia [76, 77]. This relationship between natriuretic pep-
tide elevation and myocardial ischemia appears to be independent of LV sys-
tolic function. In patients with stable ischemic heart disease, elevated concen-
trations of BNP and NT-proBNP are strongly prognostic for left ventricular
dysfunction and adverse outcomes over long periods of follow-up, implying
a possible role for these markers in the surveillance of risk in patients with
known ischemic heart disease [29, 78] (Fig. 14.2). The relationship between na-
triuretic peptides and risk in patients with stable ischemic heart disease may
reflect the magnitude of coronary artery disease in these patients [79–82], and
may correlate with asymptomatic ischemic burden [83]. Given these relation-
ships between BNP and NT-proBNP and the magnitude of and inherent risk
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Figure 14.2 Kaplan–Meier event-free survival curves for death or heart failure admission for 1049

patients with stable ischemic coronary artery disease with brain natriuretic peptide (BNP) (solid

lines) and amino terminal pro-brain natriuretic peptide (NT-proBNP) (dotted lines) above (lower

two lines) or below (upper two lines) the median level for the group. For both peptides, the

separation of survival curves was highly significant (p < 0.001). CHF, congestive heart failure.

(Figure reprinted with permission from the Journal of the American College of Cardiology)

attributable to coronary artery disease, there is interest for the use of these
markers for the surveillance of patients following cardiac transplantation,
where asymptomatic coronary atherosclerosis may develop consequent to
transplant vasculopathy. As demonstrated by Mehra and colleagues, such a
strategy of natriuretic peptide surveillance may be useful to detect not only
allograft vasculopathy, but also identify a risk for graft failure and rising risk
for death in these subjects [84].

Atrial arrhythmia

Case 6

A 42-year-old male with no previous medical history is found to be in atrial
fibrillation at a pre-employment physical. At the time of his initial office visit he
remains in atrial fibrillation, denies awareness of his atrial tachyarrhythmia,
and has no signs of HF. Does natriuretic peptide testing have a role in this
patient’s initial assessment?

Discussion of Case 6
Independent of the relationship between atrial arrhythmia and structural heart
disease, it is now established that natriuretic peptide concentrations are higher
among patients with established atrial arrhythmias such as atrial fibrillation
or flutter [85], and fall rapidly after restoration to normal sinus rhythm [86].
Importantly, it is now recognized that levels of natriuretic peptides may be
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useful to differentiate those subjects more likely to have durable results from
cardioversion than those at high risk for the recurrence of atrial arrhythmia,
even in the absence of structural heart disease [87, 88]. In one study, median
concentrations of NT-proBNP were higher among patients with “lone” atrial
fibrillation destined for recurrent arrhythmia (166 pg/mL) versus those who
did not (133 pg/mL, p = 0.0003 for difference) [88], while among subjects with
atrial fibrillation from a various number of causes, BNP values were similarly
higher in those who had recurrent fibrillation (293 pg/mL) than those who did
not (163 pg/mL) [87].

Ventricular arrhythmia

Case 7

A 72-year-old man with coronary artery disease suffered a cardiac arrest from
ventricular tachycardia. Coronary angiography revealed no acute culprit le-
sions and a trans-thoracic echocardiogram revealed a small inferior wall scar
with a normal left ventricular ejection fraction. An implantable defibrillator
was placed. He is seen for a routine visit 6 months after this episode. Is there
a role for natriuretic peptide testing in this patient?

Discussion of Case 7
It is somewhat more difficult to define the independent relationship between
ventricular arrhythmia and natriuretic peptide concentrations, as this arrhyth-
mia is more likely to occur in patients with structural heart disease. As such,
the relationship between BNP and sudden cardiac death related to arrhyth-
mia is tenuous with some studies arguing for an independent relationship
between BNP (but less so for NT-proBNP) and risk of sudden death [89] while
others suggest the risk associated is more related to decompensation of HF
rather than representing a direct signal of arrhythmic risk [90]. Nonetheless,
studies among patients with implantable defibrillators showed that markedly
elevated values of NT-proBNP (in excess of 9000 pg/mL) or BNP (in excess
of 573 pg/mL) were strongly predictive of defibrillator discharge in subjects
over a year of follow-up [91, 92], thus suggesting a role for these markers to
stratify risk for potentially life-threatening arrhythmia.

Outpatient HF: systolic dysfunction

Case 8
A 70-year-old woman with a non-ischemic cardiomyopathy and stable NYHA
(New York Heart Association) Class II failure is seen in clinic. She is at her dry
body weight but slightly hypertensive with a blood pressure of 136/88. She
has had no recent decline in her exertional capacity. What is to be gained from
natriuretic peptide testing in this situation?

Discussion of Case 8
The role of natriuretic peptide testing is well established for predicting risk
of death in chronic outpatient HF [93–95], appearing to supersede the risk of
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other known metrics for predicting death in this situation, including maximal
oxygen consumption or NYHA Classification. Whether there is potential utility
of natriuretic peptide testing for the management of patients with HF remains
largely unclear, somewhat surprisingly.

There is logic in the use of either BNP or NT-proBNP measurement to guide
therapy of patients with HF: higher levels of natriuretic peptides predict risk for
death and a higher likelihood for re-hospitalization, while effective therapies
for HF that lower the risk for morbidity or mortality (such as beta adrenergic
blockers, angiotensin converting enzyme inhibitors, or angiotensin receptor
blockers [94–98]) are associated with parallel reductions in the concentrations
of natriuretic peptides in patients so treated. Quite remarkably, despite the log-
ical relationship between natriuretic peptides and treatment response, as well
as burden of HF patients in HF clinics world wide, there is a paucity of data
supporting the use of biomarker-guided HF therapy. In one pilot study, HF
management guided by NT-proBNP concentrations was superior to standard
clinical judgment [99]. In this study, dosing of HF medication was intensified
for patients in whom a concentration of NT-proBNP below the range of 1600
pg/mL was observed, even in the absence of decompensated symptoms. In
this study, fewer adverse events were noted in those guided by NT-proBNP
measurement, including fewer episodes of destabilized HF, less hospitaliza-
tions, and a near statistically significant reduction in mortality. The role of
natriuretic peptide-guided HF management is currently under evaluation in
several prospective clinical trials using both BNP and NT-proBNP. The main
question or concern is which analyte would be best for this role, as BNP may
be associated with a higher “false negative” rate among outpatient HF subjects
[100] and NT-proBNP may be less responsive in the short run to therapeutic
interventions [101]. Lastly, it remains unclear which target for therapy should
be used (an absolute target or percent change in biomarker levels) [102].

Outpatient HF: diastolic dysfunction

Case 9

A 70-year-old woman with a past medical history of hypertension was recently
hospitalized with a first episode of HF. After successful medical treatment, an
echocardiogram showed mild left ventricular hypertrophy and an ejection
fraction of 67% with no wall motion abnormalities. What is to be gained from
natriuretic peptide testing in this situation?

Discussion of Case 9
The high prevalence and important clinical significance of HF in patients with
preserved systolic function is becoming increasingly recognized [103, 104].
Our current understanding of this common clinical situation suggests that
lusitropic abnormality (i.e., impaired ventricular relaxation) with a resultant
rise in intraventricular filling pressure underlies this syndrome. Given the
known link between natriuretic peptide release and elevations in cardiac filling
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pressures, studies have begun to clarify the role of natriuretic peptide testing
in patients so afflicted.

The impact of diastolic abnormalities in patients with concomitant systolic
HF has been studied. Yu et al. evaluated the prevalence of diastolic dysfunction
and its impact on natriuretic peptide levels in patients with symptomatic sys-
tolic dysfunction. They found that echocardiographic evidence of diastolic
dysfunction was present in >90% of patients with reduced ejection fractions
and that relaxation abnormalities were associated with higher levels of BNP
[105]. In a similar analysis of patients with systolic HF, a strong positive cor-
relation between echo indices of diastolic dysfunction and levels of BNP was
reported [106].

In patients with preserved systolic function and the clinical syndrome of HF,
natriuretic peptides appear to be useful for establishing a diagnosis of diastolic
dysfunction. The correlation between elevated natriuretic peptide levels and
echocardiographic signs of impaired relaxation has been reported in patients
with preserved left ventricular function [107–109]. In an analysis of the PRIDE
Study of patients with dyspnea attributed to acute destabilized HF, roughly
half had systolic dysfunction and the other half isolated diastolic abnormalities.
On average, both NT-proBNP and BNP were significantly higher in both HF
groups than in dyspneic non-HF subjects. With regard to diagnostic accuracy
of the both BNP and NT-proBNP, both peptides had similar power to diagnose
HF in patients with systolic dysfunction while NT-proBNP outperformed BNP
in patients with isolated diastolic dysfunction [25]. Thus, current data support
a role for the use of the natriuretic peptides in the evaluation of patients with
HF due to suspected diastolic dysfunction.

Natriuretic peptide testing: dyspneic outpatients without
known structural heart disease

Case 10

A 62-year-old female, new to your practice, presents for a routine health visit.
Her past medical history and cardiac risk factor profile are unremarkable. She
leads a relatively sedentary life without regular exercise. Review of symptoms
reveals exertional dyspnea that reproducibly occurs after climbing one or more
flights of stairs. Physical examination reveals a blood pressure of 136/86 and an
above-normal body mass index. Electrocardiogram reveals a sinus mechanism
at a rate of 75, normal axis and intervals, and nonspecific ST-segment and T-
wave abnormalities. A chest radiograph is unremarkable. What is the role of
natriuretic peptide testing for this patient?

Discussion of Case 10
Mild dyspnea is a problem that is encountered frequently in the ambulatory
setting, and is the cardinal manifestation of numerous distinct disease pro-
cesses. Determination of the cause of dyspnea poses a formidable challenge
as routine evaluation, including the complete medical history and a thorough
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physical exam, is often unrevealing. At its earliest stages, HF may be an insidi-
ous cause of dyspnea, and is a syndrome with distinct prognostic implications
and beneficial disease-specific therapies. Unfortunately, the identification of
those at risk for the ultimate development of clinically evident HF can be
difficult, especially in the ambulatory setting where cardiac imaging is not
readily available. Trans-thoracic echocardiography has thus become the test
of choice for patients with dyspnea that is suspected to be due to myocardial
abnormalities. The availability of echocardiography is limited by several fac-
tors including the need for trained sonographers, the availability of competent
cardiologist interpreters, and the significant cost. This reality has led to intense
interest in more effective methods for triaging patients for more intensive car-
diovascular evaluation, or toward a non-cardiac evaluation.

Pilot trials specifically evaluating the role of natriuretic peptides as a tool for
the diagnosis or exclusion of HF in the outpatient clinic have been promising:
in one study, 305 patients presenting with dyspnea and/or lower extremity
edema were evaluated by their primary care physician, and a provisional di-
agnosis was rendered. NT-proBNP concentrations were simultaneously mea-
sured and compared to the impression of the managing physician. In this study,
knowledge of NT-proBNP values was useful, in particular, to exclude the di-
agnosis of HF, improving diagnostic accuracy by over 20% [110]. In a similar
manner, among 306 patients in primary care, both BNP and NT-proBNP were
useful for excluding HF in dyspneic subjects, with area under the ROC of 0.84
and 0.85, respectively [111]. In this study, NT-proBNP had a higher NPV (97%)
than BNP (87%), suggesting a superior role for excluding HF in dyspneic out-
patients. These data were confirmed in a study of 367 dyspneic primary care
patients referred for evaluation using echocardiography, due to symptoms of
dyspnea. In this study, NT-proBNP, using the manufacturer’s recommended
cutpoint for excluding HF (125 pg/mL) had an NPV of 99% for HF, with an
overall area under the ROC of 0.87. In addition, dyspneic subjects with an
NT-proBNP >125 pg/mL had a significantly higher risk of death over 2-year
follow-up [112].

Even when the diagnosis of a dyspneic patient appears to be non-cardiac, the
use of natriuretic peptides appears promising. Among 1186 dyspneic outpa-
tients with obstructive airways disease and no prior history of HF, concentra-
tions of NT-proBNP were useful to identify a diagnosis of “masked” HF (i.e.,
previously unsuspected comorbid HF in patients with pulmonary disease).
In this study, adding NT-proBNP measurement to a predictive model (which
included prior heart disease, high body mass index, lateral displacement of
the apical impulse, and high pulse rate) significantly improved the diagnostic
ability to identify previously unsuspected HF. This suggests a role for natri-
uretic peptide testing in the comprehensive evaluation of patients with lung
disease with aims of further improving symptoms and prognosis [6].

Larger ongoing trials will further clarify the role of natriuretic peptides in
the ambulatory evaluation of the dyspneic patient. At present, the optimal
role of BNP or NT-proBNP testing in the outpatient setting is to exclude the
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presence of HF in symptomatic patients. For such patients who BNP or NT-
proBNP levels are found to be below the suggested “rule out” cutpoints, an
assiduous search for non-HF causes of dyspnea should be performed. While
the NPV of BNP and NT-proBNP is unquestioned, the PPV is less established.
For symptomatic outpatients with an elevated natriuretic peptide value, the
diagnosis of HF is not definitively established. It is recommended that for such
patients, the thoughtful application of echocardiography would be a logical
next step. Available data suggest that this strategy may be both feasible and
cost-effective [37, 38].
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CHAPTER 15

Natriuretic peptides in patients
with renal failure

Peter A. McCullough

Case 1

A 46-year-old Caucasian man with a history of type 1 diabetes mellitus (DM),
hypertension (HTN), and coronary artery disease presents with a 24-hour his-
tory of progressively worsening dyspnea on exertion and at rest. The night be-
fore admission he had orthopnea and slept in a chair. He has noticed worsened
leg swelling and increasing fatigue. He denied having chest pain or discomfort,
syncope, or dizziness. His past medical history was notable for a 36-year his-
tory of type 1 DM, which has been managed with an insulin pump for the last 8
years. He has had treatment for retinopathy and has been diagnosed with lower
extremity neuropathy. He related a history of mild diabetic nephropathy but
has never been seen by a nephrologist or required dialysis. He has had HTN re-
quiring multiple medications for 26 years. At age 40, he developed angina and
was found to have two-vessel coronary artery disease requiring percutaneous
coronary intervention (PCI) with stenting of the proximal right and the mid
left anterior coronary descending arteries. His left ventricular ejection fraction
(LVEF) at the time of PCI was 70% and he had no prior history of heart failure
(HF). Baseline medications included: aspirin 81 mg p.o. qd, atorvastatin 40 mg
p.o. qd, ramipril 10 mg p.o. qd, amlodipine 10 mg p.o. qd, atenolol 100 mg p.o.
qd, insulin pump with daily average regular insulin utilization of 38 units, and
gabapentin 600 mg p.o. tid. Vital signs were: blood pressure (BP) = 160/90 mm
Hg, pulse (P) = 80 beats/minute, respiratory rate (R) = 24 breaths/minute,
afebrile, height 5’8’’, weight 160 lbs, body mass index (BMI = 24 kg/m2). He
was mildly dyspneic at rest, was pale, and had elevated jugular venous pres-
sure, bibasilar rales, a diffuse point of cardiac maximal impulse (PMI) which
was not displaced, regular rate and rhythm, S1, S2, and a soft S3, with a 1/6
holosystolic murmur heard best at the base consistent with mitral regurgita-
tion. The liver was mildly enlarged. There were no signs of ascites. There was
2+ pitting edema in the lower extremities to the knees and decreased posterior
tibial pulses bilaterally. Admission laboratories revealed: sodium (Na) = 140
mEq/L, potassium (K) = 5.0 mEq/L, creatinine (Cr) = 2.1 mg/dL, estimated
glomerular filtration rate (eGFR) = 36 mL/min/1.73 m2, glucose (Glu) = 221
mg/dL, hemoglobin (Hb) = 11.0 g/dL, B-type natriuretic peptide (BNP) =
2541 pg/mL, N-terminal pro-BNP (NT-proBNP) = 27,432 pg/mL, and urine
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albumin:creatinine ratio = 281 mg/g. Cardiac troponin I was <0.04 ng/mL
(negative). The electrocardiogram (ECG) was read as normal sinus rhythm,
normal intervals, left axis deviation, left atrial enlargement, and left ventricu-
lar hypertrophy (LVH) with strain pattern. No Q-waves were seen. Chest X-ray
showed cardiomegaly and pulmonary congestion with no effusions or frank
pulmonary edema.

The patient was diagnosed with new onset heart HF with superimposed re-
nal failure due to diabetic nephropathy. Baseline Cr, 6 months ago was found
to be 1.6 mg/dL. He was treated with intravenous furosemide 40 mg every
12 hours and hydralazine 25 mg p.o. tid was added. Atenolol and amlodipine
were discontinued. Carvedilol 12.5 mg p.o. bid and candesartan 16 mg p.o. qd
were added to his regimen. His LVEF was found to be 45% on echocardiogra-
phy and outpatient cardiac stress imaging was planned. The patient steadily
improved over the course of 4 days and released from the fifth hospital day.
His laboratories on the day of discharge included BNP and NT proBNP levels,
which were reduced to 680 pg/mL and 20,100 pg/mL, respectively.

Discussion of Case 1

In this case a central diagnostic question is how much of the BNP and NT-
proBNP elevation is attributable to HF and how much is due to renal failure.
While the fate of BNP is not completely known, it is believed that approxi-
mately 70% of BNP clearance occurs in the renal parenchyma largely due to
endocytosis and phagocytosis via the C-receptors in renal cells [1]. B-type na-
triuretic peptide is 4 kDa in size, and theoretically, can be filtered at the level
of the glomerulus and then reabsorbed at the level of the renal tubule. Trace
amounts of BNP have been found in the urine by a few investigators; however,
this has not been a consistently replicated observation [2]. The other 30% of
BNP is cleared via neutral endopeptidase and other proteases in the peripheral
vascular system and potentially other solid organs [3, 4]. The amino terminal
breakdown fragment of BNP, NT-proBNP, is 8.5 kDa in size and may dimerize
in its circulation, and is small enough to be filtered at the level of the glomeru-
lus but is large enough to be incompletely reabsorbed by the proximal tubule,
and thus, large quantities of NT-proBNP can be found in the urine as the blood
levels of NT-proBNP increase (Fig. 15.1) [5].

There is no clearance of NT-proBNP by C-receptors or neutral endopepti-
dase. Thus both BNP, and to a greater extent, NT-proBNP can be elevated in
the setting of renal parenchymal disease manifested by an elevated serum CR
and reduced eGFR. In general, when the eGFR is less than 60 mL/min/1.73
m2, then the BNP can be expected to rise in the absence of HF into the 100–500
pg/mL range (Fig. 15.2) [6]. Since NT-proBNP is reliant on excretion in the
urine as a major elimination pathway, the NT-proBNP blood levels are typi-
cally elevated much greater than the expected 5X level of BNP, and in this case
were >10-fold higher than the BNP level. So in this case, even if a baseline BNP
of 500 pg/dL could be ascribed to chronic kidney disease (CKD), the excess
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Figure 15.1 Blood and urine levels of NT-proBNP in patients with left ventricular (LV) dysfunction.

(Data from Ref. [5])

of ∼2000 pg/dL suggested superimposed, acute decompensated HF [6]. This
case highlights the potential value of having a baseline BNP level in patients
such as this who are at risk of HF.

Case 2

A 56-year-old African American man with a history of end-stage renal dis-
ease (ESRD) presented with progressive dyspnea at rest before and during
hemodialysis. The dyspnea would improve slightly after the dialysis session
but then would worsen a few hours later and progress to the point of moderate
dyspnea at rest and complete orthopnea causing him to sleep bolt upright in
a chair. His body weight has been maintained near his ideal or dry weight of
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Figure 15.2 Levels of BNP stratified by estimated glomerular filtration rate (eGFR) in patients

presenting to the emergency department with acute dyspnea in the BNP multinational study.

(Reproduced with permission from Ref. [6])
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172 lbs (80 kg) in the dialysis center. He denied any chest pain or discomfort,
dizziness, or syncope. His past medical history was significant for hyperten-
sive nephrosclerosis requiring hemodialysis for 3 years, anemia of chronic
disease, and cigarette smoking. There was no prior history of heart disease.
Baseline medications included lisinopril 40 mg p.o. qd, amlodipine 10 mg p.o.
qd, clonidine 0.3 mg p.o. bid, metoprolol 50 mg p.o. bid, intravenous (IV) iron
dextran 100 mg monthly, calcium acetate 667 mg tabs, 2 tabs p.o. ac, and dar-
bepoetin 60 mcg IV monthly. His physical exam before his mid-week dialysis
session revealed: BP 150/90 mm Hg, P = 100, R = 28, afebrile, height 5’10’’, and
weight = 180 lbs (BMI = 26 kg/m2). There was markedly elevated jugular ve-
nous pressure, rales in the posterior lower one-third lung fields, a normally
placed but diffuse PMI, S1, S2, S3, and loud S4. A 2/6 systolic ejection murmur
was heard over the upper right sternal border consistent with aortic sclero-
sis. There was 1+ lower extremity edema to the ankles. All peripheral pulses
were intact. Laboratories revealed: Na = 136 mEq/L, K = 5.6 mEq/L, Cr = 8.1
mg/dL, Glu = 84 mg/dL, Hb = 10.0 g/dL, BNP = 4481 pg/mL. Cardiac tro-
ponin was not measured. The ECG was read as normal sinus tachycardia, left
bundle branch block, left axis deviation, and biatrial enlargement. Chest X-ray
showed cardiomegaly and pulmonary congestion with evidence of pulmonary
edema in the lower lung fields. Small bilateral effusions were present.

The patient had been compliant with dialysis sessions and his weight had not
appreciably increased, thus with the clinical findings and the BNP value, his
presumptive diagnosis was new onset HF due to hypertensive heart disease.
An echocardiogram showed severe LVH and global hypokinesis with an LVEF
of 35%. He was admitted to the hospital and dialysis was performed every
other day with slightly more fluid removal than his regular dialysis regimen.
Metoprolol was discontinued. Carvedilol 25 mg p.o. bid and was advanced to
50 mg p.o. bid. Clonidine was tapered and then discontinued. Hydralazine 75
mg p.o. tid and isosorbide dinitrate 20 mg p.o. tid were started. The patient
showed steady improvement and was discharged after 7 days. Three months
later, a pre-dialysis BNP level was 820 pg/mL and this was found to decrease to
672 pg/mL after a 3-hour dialysis session. The patient was felt to be euvolemic
and he had functional class 2 symptoms.

Discussion of Case 2

This case illustrates the potential use of BNP in patients with ESRD on dialy-
sis. This patient had no renal clearance of BNP and was functionally anephric.
Thus BNP produced by cardiomyocytes relied on systemic neutral endopep-
tidase for clearance. So a baseline BNP value of ∼800 mg/dL is realistic for a
patient with ESRD on dialysis with hypertensive heart disease (Table 15.1) [7].
Removal of fluid with hemodialysis causes a transient reduction in left ventric-
ular wall tension and thus a ∼25% reduction in endogenous BNP (Table 15.1)
[7]. The BNP is not removed with hemodialysis. BNP values can be expected
to rise over the interdialytic period and be at a peak before the next dialysis
session. If BNP measurement is part of a dialysis care program (currently not
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Figure 15.3 Baseline BNP values and overall survival in patients with ESRD. (Adapted from

Ref. [9])

an approved indication for BNP) then a mid-week pre-dialysis value should
be recorded. Research is ongoing to determine the optimal reduction of BNP
that should occur with hemodialysis [8]. In addition, the value of BNP in the
diagnosis of HF in a case such as this is yet to be determined. It is known,
however, that patients with ESRD and chronically elevated BNP values, as in
the case presented, are associated with increased left ventricular mass and are
associated with higher all-cause mortality (Fig. 15.3), suggesting heart disease
and potentially HF which could be managed with aggressive medical care as
in this case [9–11].

Case 3

An asymptomatic 65-year-old Caucasian man presented to the office for routine
medical care. He has a history of CKD secondary to polycystic kidney disease
and well-controlled HTN. His current medications were perindopril 8 mg p.o.
qd, amlodipine 10 mg p.o. qd, and hydrochlorothiazide 12.5 mg p.o. qd. There
is no history of cardiovascular disease. His vital signs were: BP 124/70, P
= 60, and R = 12. He was 5’8’’ and weighed 145 lbs (BMI = 22 kg/m2). He
was well appearing and the physical examination was normal. Laboratories
were notable for the following: Cr = 2.2 mg/dL (eGFR = 32 mL/min/1.73 m2),
BUN=20 mg/dL, and BNP=214 pg/mL. Additional examination was notable
for an ECG, which showed normal sinus rhythm, left atrial enlargement, and
LVH. A two-dimensional echocardiogram showed normal LV size, LVEF =
70%, mild LVH, and left atrial enlargement. Diastolic function was normal
and there were no significant flow disturbances.

Discussion of Case 3

This case points out that CKD alone, in the absence of HF, can elevate the BNP
into the 100–500 pg/mL range (Fig. 15.2). Results from the BNP Multinational
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Study indicated that CKD can be a common explanation for BNP values in the
100–500 pg/mL range [6]. As this case points out, the left ventricle is rarely
normal in CKD, and LVH as a manifestation of structural heart disease was
present. However, since LVH without LV dilation does not lead to significantly
increased wall tension, BNP is not markedly elevated due to LVH alone.

Case 4

A 75-year-old Hispanic female with a history of prior myocardial infarction and
coronary artery bypass surgery is seen in the office for routine care. She has
additional background history including lifelong obesity, type 2 DM, HTN,
and CKD with a baseline Cr of 1.7 mg/dL. Her medications were aspirin
81 mg p.o. qd, lisinopril 20 mg p.o. qd, carvedilol 25 mg p.o. bid, and glargine
insulin 40 units q.p.m. Vital signs revealed: BP 160/85 mm Hg, P = 84, R =
16. She was 5’2’’ and weighed 180 lbs (BMI = 33 kg/m2). Physical exam was
notable for clear lungs, a diffuse and laterally displaced PMI, soft S1 and S2,
S4, no S3 and no murmurs. There was mild hepatomegaly and trace peripheral
edema. Laboratories revealed: Cr = 1.6 mg/dL (eGFR = 33 mL/min/1.73 m2),
BUN = 22 mg/dL, and BNP = 440 pg/mL. The ECG showed normal sinus
rhythm, Q-waves inferiorly, and left atrial enlargement. A two-dimensional
echocardiogram found the LVEF = 35% with inferior akinesis, mild LVH, and
left atrial enlargement. Diastolic function could not be fully assessed.

Discussion of Case 4

The elevated BNP in this case reflects both the presence of CKD and LV dys-
function (Table 15.2). Clinically, the patient was well treated for HF and was
functional class 1. At this time it is unclear if additional treatment should be
given for HF based on the BNP level. Multiple clinical trials are underway
to assess this BNP-guided approach [23]. The patients’ medications were not
changed and the plan was to repeat the BNP levels if there was any change in
the patient’s status.

Table 15.2 Recommended cutpoints for BNP and NT-proBNP based on eGFR for the detection of

LV dysfunction or HF.

EGFR (mL/min/1.73 m2) BNP cutpoint (pg/mL) NT-proBNP cutpoint (pg/mL)

> 90 70 450

89–60 100 1,200

59–30 200 1,800

< 30 225 3,000

< 15 or ESRD/dialysis 800 10,000

eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; BNP, B-type natriuretic

peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Adapted from the following sources: McCullough et al. [6], Anwaruddin et al. [24], and Racek et al.

[25].



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 18:13

Natriuretic peptides in patients with renal failure 177

Case 5

An asymptomatic 52-year-old African American man was referred to a car-
diologist for a high BNP level of 869 pg/mL. The patient was asymptomatic
but had a background history of obesity, type 2 DM, HTN, and chronic ob-
structive pulmonary disease. He was an active smoker and review of systems
did reveal mild dyspnea on exertion attributed to obesity, deconditioning, and
smoking. His chronic medications were metformin 500 mg p.o. bid, pioglita-
zone 45 mg p.o. qd, verapamil SR 240 mg p.o. qd, candesartan 32 mg p.o. qd,
and albuterol and ipratropium inhalers. His vital signs were: BP 142/86, P =
96, R = 20. He was 5’9’’ and weighed 240 lbs (BMI = 36 kg/m2). Physical exam
was notable for smoking-related facial and voice changes, wheezes at the lung
bases, a normal PMI, S1 S2, and a 2/6 holosystolic murmur at the right upper
sternal border consistent with tricuspid regurgitation. The liver was mildly
enlarged and there was no peripheral edema. Laboratories after the exam re-
vealed a normal blood count, Cr = 1.8 mg/dL (eGFR = 51 mL/min/1.73 m2),
BUN = 17 mg/dL, and repeated BNP = 651 pg/mL. The ECG showed nor-
mal sinus rhythm, right and left atrial enlargement, right axis deviation, and a
pulmonary disease pattern. The two-dimensional echocardiogram found the
left ventricle was normal in size, there was mild LVH, LVEF = 60%, bi-atrial
enlargement, and mild TR with an estimated pulmonary artery pressure of
45 mm Hg. Diastolic function was normal.

Discussion of Case 5

This is an example of multiple factors contributing to the BNP elevation. Part
of the elevation is due to reduced BNP clearance secondary to the reduction
in renal parenchymal mass as reflected in the eGFR. Another source of the
elevation is the right ventricular production of BNP in response to increased
wall tension due to lung disease and slightly elevated right ventricular and
pulmonary artery pressures. These factors working in combination yield BNP
values in the 500–1000 pg/mL range in the clinic. Was the BNP change from
869 to 651 pg/mL on these two measurements significant? Almost certainly
the answer is “no.’’ There are technical attributes among the commercially
available BNP assays that can cause differences of this magnitude in the same
sample of blood. In addition, intra-individual variation can be as high as 50%.
Thus a more than 50% reduction in BNP can be taken as a clinical sign of
reduced wall tension and clinical improvement in some scenarios. In this case,
the patients’ medications were left unchanged and he will be followed over
time with no plans for repeat BNP testing.

Cases 1 and 2 have the common comorbidity to both diabetic and nondiabetic
CKD, that is, anemia of chronic disease. This form of anemia is due to reduced
renal parenchymal mass and a relatively decreased production of erythropoi-
etin, which is the major stimulus to the bone marrow that calls for the produc-
tion of red blood cells from hemangioblasts [26]. Recently, BNP has been found
to be modestly correlated to anemia (Fig. 15.4) [23]. The explanation for this
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Figure 15.4 Relationship between the log BNP and Hb concentrations in men without HF from

the BNP multinational study. (Adapted from Ref. [26])

relationship is probably the presence of increased left ventricular mass com-
monly associated with anemia, and thus, superimposed increased left ventricu-
lar wall tension, stimulating the synthesis and release of BNP at higher levels. It
is currently unknown if therapeutic elevation of Hb with erythrocyte stimulat-
ing proteins (ESPs) (erythropoietin, darbepoetin) results in a reduction of BNP
over time. Clinical trials are underway using ESPs in the treatment of anemia
to impact rates of cardiovascular outcomes in patients with underlying CKD.

Another important comorbidity to consider in Cases 4 and 5 is obesity. Mul-
tiple studies in those who are asymptomatic and in those presenting with
symptoms indicate that both BNP and NT-proBNP levels are depressed in the
obese. Some studies indicate that levels can be reduced by 30–50% [27]. While
these cases go through the exercise of explaining an elevated BNP in obese
patients, it should be realized that the elevations in these patients may not
be as high as comparable patients of normal body weight. Since the vast ma-
jority of patients are overweight or obese in clinical practice, this may not
become a great concern for clinicians as they adjust to the many implications
of the obesity pandemic.

In conclusion, CKD and associated reductions in renal parenchymal mass
cause a predictable elevation of BNP due to reduced clearance of the peptide. In
general, marked elevations of BNP in patients with CKD indicate the presence
of superimposed HF [28]. In dialysis patients, BNP is commonly elevated and is
reduced by 25% over the course of a hemodialysis session. While BNP in ESRD
can be normal (<100 pg/mL), it is commonly observed to be >100 pg/mL and
this finding is related to poorer long-term survival. Ongoing research aimed
at understanding the relationship between the natriuretic peptides and renal
function should give us better insights into diagnosis and management of
patients with cardiorenal disease.
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CHAPTER 16

Congestive heart failure: treatment
implications of natriuretic peptides

W. Frank Peacock

Case 1

Sherri Oregano is a 68-year-old woman who, after enjoying her usual morning
coffee, went downstairs to get the morning newspaper. Upon her return, her
husband noted that she was quite short of breath. Sherri had a long-standing
history of congestive heart failure (CHF), and she always had difficulty climb-
ing stairs, so this was not unusual for her. However, when she was still short
of breath 15 minutes later, her husband became concerned and called an am-
bulance. On their arrival, they found her to be diaphoretic, with a respiratory
rate of 32, a blood pressure of 92/69 mm Hg, and an irregular pulse at a rate
of 123 beats/minute. They applied oxygen via a 100% non-rebreather mask,
and this seemed to significantly improve her level of discomfort. Her oxygen
saturation improved from an initial 86 to 93%. An intravenous line was started,
and she was placed on the cardiac monitor that showed atrial fibrillation. Ms.
Oregano was then taken uneventfully to Smedly Community Hospital. Vital
signs repeated after hospital arrival were improved, and it was documented
that her heart rate was 110 bpm, respiratory rate was 26, and the blood pressure
was 112/79 mm Hg.

Shortly after her arrival at Smedly, Dr. Androponi met Ms. Oregano. At that
time she stated that she was feeling improved. Dr. Androponi performed a his-
tory and physical, noting that Ms. Oregano had suffered with atrial fibrillation
for many years. It was usually rate controlled, unless she over exerted herself.
She specifically denied having any chest pain, or any prodromal illness in the
weeks before her presentation.

Ms. Oregano’s usual medication list included warfarin, carvedilol, enalapril,
spironolactone, bumetanide, and potassium. She denied having any allergies,
did not smoke or consume alcohol, and she did not know her family history,
since she had been adopted at the age of 3.

The physical exam found Ms. Oregano to be persistently and signifi-
cantly short of breath, although she stated that she felt improved compared
to the period before EMS arrival. By auscultation she had a few rales in
the bilateral lower lung fields, and no extra heart sounds were detectable.
She had slight jugular venous distention, about 2 cm, and no dependent
edema.

181
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At the completion of his history and physical, Dr. Androponi ordered an
electrocardiogram, cardiac troponin, CK-MB, a chest radiograph, B-type natri-
uretic peptide (BNP) concentration, and routine labs. He also requested the in-
travenous administration of 80 mg of furosemide. One hour later, Ms. Oregano
had produced approximately 1200 cc of urine, but admitted to only a slight
improvement in her respiratory status. Her BNP then returned from the lab
and was reported to be 477 pg/mL. The chest film was interpreted as mild HF,
and the remainder of all other testing was unremarkable.

At this point, Dr. Androponi admitted Mrs. Oregano to the hospital with a
diagnosis of exacerbation of CHF. Dr. Androponi felt that the exertion had
triggered the patient’s symptoms, and this was supported by the elevated
BNP finding.

One year later, Dr. Androponi received a subpoena for the wrongful death of
Ms. Oregano. The salient features of the litigation stem from the issue that after
admission to the hospital, Ms. Oregano was placed on a regular medical bed
with intravenous furosemide monotherapy. At 6:30 am, during their morning
nursing rounds, Ms. Oregano was found to be in asystole. All resuscitative
efforts failed, and Ms. Oregano was pronounced dead. At the subsequent au-
topsy, a large pulmonary embolus was identified as the proximate cause of
her expiration. At no time during her hospitalization was the possibility of a
pulmonary embolus considered, nor was any type of anticoagulation admin-
istered.

Discussion of Case 1

When interpreting BNP levels, the clinical scenario must also be considered.
When the BNP result is less than 100 pg/mL, CHF is an unlikely diagnosis,
and will be found in only a very small percentage of cases as the cause of
the patient’s dyspnea. At this level, BNP has an excellent negative predictive
value [1, 2]. However, as BNP rises its sensitivity declines while its specificity
improves. When the BNP level exceeds 500 pg/mL, CHF is very likely to be
present. What is then left is a gray zone from 100 to 500 pg/mL. In this range
CHF may be present, but confounding by a number of alternative diagnoses

Table 16.1 BNP levels in clinical use.

Low BNP (< 50–100 pg/mL)

The symptoms are probably NOT due to HF

Consider a different diagnosis (COPD, etc.)

Medium BNP (between 100 and 500 pg/mL)

Consider the differential (PE, 1◦ Pulm HTN, etc.)

Compare to prior BNP levels

High BNP (> 500 pg/mL)

HF likely, but must still consider alternative or concurrent diagnoses

PE, pulmonary embolus; 1◦ Pulm HTN, primary pulmonary hypertension; COPD, chronic obstructive

pulmonary disease.

Adapted from Silver et al. [2].
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must be considered. BNP can be increased by a number of non-HF pathologies
(see Table 16.1). A partial reporting of an ever-expanding list includes being
elderly, female gender, possibly those on hormone replacement therapy, pa-
tients with acute coronary syndromes (ACS), end stage cirrhosis, renal failure,
pulmonary embolism, and primary pulmonary hypertension. Clinical acumen
and the consideration of additional testing are needed when patients present
with dyspnea and gray zone BNP levels.

In this case, Ms. Oregano’s symptoms had appeared abruptly, did not resolve
as expected, and were not improved despite effective therapy that would have
been predicted to result in some clinical change. Even more importantly, had
Dr. Androponi reviewed the medical record, he would have found that his
patient had visited her physician just 7 days prior for a routine visit. At that
time her BNP had been 710 pg/mL. While there are large variations in BNP
concentrations across populations, within a given patient, changes in baseline
BNP correlate reasonably well with changes in hemodynamics and symptoms.
Since Ms. Oregano presented at a significantly lower BNP concentration than
her established baseline, it would be expected that her CHF symptoms would
be better. Since she was significantly more dyspneic, despite objective evidence
of improved heart failure, the onus was upon the physician to consider alterna-
tive diagnoses to explain the patient’s symptoms and to undertake additional
diagnostic investigations. Comparing the “dry weight’’ BNP obtained in the
outpatient clinic several days before, to the BNP in the ED and finding them
to be similar suggests that some cause other than a heart failure exacerbation
was the etiology for Ms. Oregano’s presentation. This finding should have
prompted a search for a non-HF cause of Ms. Oregano’s dyspnea. The case did
not go to trial, as Dr. Androponi settled for $800,000.

Case 2

Steven Alladay is a 79-year-old Korean war veteran. A guy who considers
himself pretty tough, he has had to see his physician nearly weekly for the
past 3 weeks. He lives with his wife, in a first story flat, only 3 blocks from
Dr. Schmidt, who has been his physician for the last 23 years. Mr. Alladay is
now pretty upset that he is short of breath with what he considers relatively
minimal exertion. Although he was able to get up to Dr. Schmidt’s second story
office via the stairs, he still thinks he should go into the hospital so he “can be
cured’’of his long-standing chronic heart failure. He has had no URI symptoms,
specifically denies any recent chest pain, and reports an unchanged weight.

Dr. Schmidt does a very careful physical examination. He notes that the
vital signs are not in an immediately dangerous range, although there is some
opportunity to increase his enalapril as the patient’s blood pressure is 125/85
mm Hg. Dr. Schmidt notes that his patient has no jugular venous distention,
but on auscultation he finds that an S4 is present and notices some slight
scattered basilar rales that clear with coughing. He also documents that there
was trace-dependent pitting edema, and that his weight is 1 pound heavier
than his baseline of 1 month ago.
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Reviewing his medical record, it is noted that Mr. Alladay is taking 40 mg of
furosemide daily, in addition to enalapril, carvedilol, and occasionally viagra.
Historically, he has always been compliant with both his medications and
his diet requirements. He has an allergy to penicillin, is a non-smoker, social
drinker, and has a family history significant only for breast cancer.

Dr. Schmidt is somewhat concerned about Mr. Alladay. He seems to have
a degree of dysfunction that is unusual for this patient. He knows that Mr.
Alladay’s elderly wife has had markedly worsening Alzheimer’s, and specu-
lates that the stress of being the sole caregiver may be causing his patient’s
increased office visits, although his prior history of heart failure must be con-
sidered highly in the differential diagnosis of his presentation. Dr. Schmidt
requests that his nurse perform an ECG, obtain a chest X-ray from the radi-
ology suite one floor below, and draw blood for electrolytes, CBC, troponin,
and a BNP level. Using their new point of care machine provides BNP re-
sults about 15 minutes later, and it is noted to be 178 pg/mL. The other labs
are fairly unremarkable. His ECG shows normal sinus rhythm with a nonspe-
cific intraventricular conduction delay, but is otherwise non-diagnostic for any
pathology. His electrolytes all appear within the normal range, and his CBC is
normal except for a mild normocytic normochromic anemia and a hemoglobin
of 10.5 g/dL.

Discussion of Case 2

Based on the clinic presentation, which does not seem to warrant hospitaliza-
tion for decompensated heart failure, Dr. Schmidt is unsure what guidance
this BNP result in the diagnostic gray zone can provide. As discussed above, a
BNP in the gray zone, between 100 and 500 pg/mL, requires the practitioner
apply diagnostic skill and clinical acumen to determine the appropriate course
of action. Table 16.1 is a graphical representation of the predictive range and
therapeutic considerations.

One study has specifically addressed the importance of initial BNP and the
necessity for hospitalization. In the REDHOT trial (Rapid Emergency Depart-
ment Heart Failure Outpatient Trial) [3], a blinded BNP was obtained on 1743
patients presenting to a hospital emergency department (ED) with a chief com-
plaint of dyspnea. Subsequent hospitalization and mortality was ascertained.
The authors reported that 30-day survivors had much lower BNP concentra-
tions compared to those who died during the same period (764 pg/mL versus
2096 pg/mL, respectively). Unfortunately, in the REDHOT study, patients who
were discharged home had a mean BNP of 976 pg/mL. This compared to the
cohort of patients who were felt to have a severity of illness sufficient to warrant
in-hospital care who had a mean of BNP of 767 pg/mL.

When the REDHOT data were evaluated using logistic regression analysis,
surprisingly an ED doctor’s intention to admit or discharge a patient had no
influence on 90-day outcomes, while the BNP level was a strong predictor
of 90-day outcome. Of admitted patients, 11% had BNP levels <200 pg/mL
(66% of which were perceived NYHA functional class III or IV). The 90-day
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combined event rate (CHF visits or admissions, and mortality) in the group of
patients admitted with BNP <200 pg/mL and >200 pg/mL was 9% and 29%,
respectively (p = 0.006).

This study clearly suggests that clinical grounds alone may be insufficient
to effect an accurate decision on the need for hospitalization. In context of the
case of Mr. Alladay, these data suggest that he is at low risk of adverse outcome
from his heart failure over the next 90 days.

Other studies have evaluated outcome prediction using BNP and have re-
ported that this simple lab test is able to predict clinical events in patients
presenting to the ED. In one study, levels exceeding 480 pg/mL were asso-
ciated with an increased risk of death or rehospitalization in the following 6
months [4].

Mr. Alladay’s chest X-ray results returned and were found to have no sug-
gestion of heart failure, except for cardiomegaly, which had been noted on
successive previous films. In context with this data, Dr. Schmidt felt that an
appropriate course of action would be to increase his patient’s enalapril and
arrange for bi-weekly visitation by the visiting nurse association. Although he
did not hear from Mr. Alladay during the next month, he has received weekly
communication from the visiting nurse indicating that he is doing much better,
attending weekly meetings with an Alzheimer’s support group, and is consid-
ering the placement of Mrs. Alladay into a nursing facility skilled in the care
of demented patients.

Case 3

Sandy Elivar is a physician working at a veteran’s hospital in near Cleveland,
OH, where she has spent the last 20 years of her career. When she first began
working there, it seemed that it was a relatively straightforward job. Patients
tended to be younger, disease presentation fairly obvious, and the diagnos-
tic course implicit. However, recent demographic changes have completely
altered that perception. As the demography of America has aged, the com-
plexity of the Emergency Department has increased. Whereas young patients
who are suffering from shortness of breath will frequently have a single rela-
tively easy differential diagnosis, the elderly represent a significant challenge.
The reality of a lifetime of cigarettes and sedentary lifestyle result in diagnos-
tic considerations that have complicated what once was fairly limited. Beyond
demographics, age impacts other considerations. Not only are there multiple
differential diagnosis considerations, there is also the fact that many patholo-
gies share the final common pathway of dyspnea (see Table 16.2).

James Kirk is a 75-year-old veteran. He presents to the veterans administra-
tion ED from his nursing home where he lives due to his chronic dementia.
The nursing home has sent accompanying papers that indicate he is more
short of breath than usual. His past medical history, gleaned from a review of
the computerized medical chart, shows that in the past 3 years, Mr. Kirk has
been hospitalized for dyspnea due to emphysema, pneumonia, pulmonary
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Table 16.2 A brief differential diagnosis of dyspnea in the elderly.

1 Respiratory compensation of metabolic acidosis

2 Aspiration

3 Anaphylaxis

4 Anemia

5 Anxiety

6 Chronic pulmonary disease examples

a Asbestosis

b Pulmonary fibrosis

7 Congestive heart failure

a Intra-abdominal pathologies

b Ascities

8 Myocardial infarction/ischemia

9 Panic attack

10 Pneumonia/bronchitis

11 Pneumothorax

12 Primary pulmonary hypertension

13 Pulmonary embolus

14 Renal failure with fluid overload

15 Sepsis

embolus, and CHF. Each time he was admitted via the ED with the diagno-
sis of dyspnea, he was treated with intravenous furosemide and azithromycin,
aerosol bronchodilators of albuterol and ipratropium, and intravenous methyl-
prednisolone. During his hospitalization he has received multiple work ups
consisting of pulmonary function evaluation, several chest radiographs, arte-
rial blood gases, numerous blood lab tests, cultures of both blood and sputum,
several ECGs, and a helical CT scan with intravenous contrast. Unfortunately,
following the performance of his last radiocontrast study, it was noted that
his creatinine increased acutely to 3.5 mg/dL. Obviously, there are costs and
consequences associated with the performance (and the non-performance) of
clinical investigations.

At this visit, Dr. Elivar finds Mr. Kirk to be noticeably short of breath. His
pulse oximetry reads 90%, and his respiratory rate is 22 breaths/minute. The
respiratory therapist has already administered treatment with 2.5 mg of aerosol
albuterol sulfate and 1.0 mg of ipratropium bromide, but this seems to have
provided minimal benefit. Dr. Elivar orders serum lab testing that includes
a BNP level, an electrocardiogram, and a chest X-ray. The ECG shows a left
bundle branch block, similar to the prior ECG of 2 months earlier. The portable
chest X-ray is interpreted as showing cardiomegaly and a small pleural effu-
sion. The lab tests are unremarkable except for the creatinine of 3.2 mg/dL and
a BNP of 1209 pg/mL.

In regard to Mr. Kirk, and considering his prior discharge BNP of 640 pg/mL
from 6 weeks ago, the level of his BNP at presentation represents a significant
increase. Dr. Elivar administers 80 mg of furosemide intravenously, then de-
creases his blood pressure by the oral administration of enalapril and topical
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Figure 16.1 Renal function and HF diagnosis. (Adapted from McCullough et al. [5])

nitrates, and writes the order to admit him to a telemetry floor. He does not
administer antibiotics, nor does he request any study for the exclusion of a
pulmonary embolus. One hour later he leaves the ED.

After admission Mr. Kirk had diuresed 2 L urine by the time he was seen by
Dr. Spango, his internal medicine physician, the next morning. At this juncture
his respiratory rate was 16 breaths/minute, his blood pressure was 114/82, and
his pulse oximetry was 91% on room air. He stated that he felt great, and asked
Dr. Spango if he’d “like to go a few rounds.’’ Dr. Spango declined, was pleased
with Mr. Kirk’s progress, and arranged for him to be discharged back to his
nursing home the following morning.

Discussion of Case 3

Elevated BNP in the setting of renal failure can represent a diagnostic challenge.
Because BNP can be elevated in renal failure, the level must be considered in
the contextual setting of the patients past medical history, the level of the renal
dysfunction, and the clinical presentation. One study [5] has suggested an
alternative cutpoint of 200 pg/mL for considering the diagnosis of HF based
upon the BNP level (see Fig. 16.1). In this analysis, patients were stratified
based upon their estimated creatinine clearance. Even with extremely impaired
renal function, a BNP in excess of 200 pg/mL suggests the presence of heart
failure.

In the ED, BNP and NT-proBNP can both be used to diagnose CHF. They
are most useful in those patients who are the most difficult to diagnose, e.g.,
those with the potential for many overlapping comorbidities. The value of BNP
in this scenario has been studied. In dyspnea resulting from isolated chronic
obstructive pulmonary disease, the level of BNP is usually less than 100 pg/mL,
as compared to those whose symptoms are the result of CHF, where levels
commonly exceed 1000 pg/mL. And a similar analysis of BNP in patients with
edema found parallel results [1]. When signs and symptoms suggest CHF, a
BNP level may contribute to an accurate diagnosis. The ability to accurately
diagnose the cause of dyspnea has consequences in the institution of medical
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therapy, which has the potential to shorten hospitalization and improve patient
outcomes.

Length of hospitalization is one of the greatest determinates of cost in the
management of heart failure. And since HF patients tend to receive long hos-
pitalizations, the costs can represent a financial burden to the hospital. In fact,
the average US hospital loses $1288 for every single patient hospitalized with
acute decompensated heart failure. One study has evaluated the impact of early
BNP testing on hospital costs. In the European BASEL [6] trial, 452 patients
presenting to an ED with dyspnea were randomized to receive either standard
therapy, or rapid BNP testing with standard therapy. Patients were then fol-
lowed to determine length of hospitalization and resource utilization. Those
whose care was guided by the knowledge of an early BNP were discharged
an average of 3 days sooner than when the physician’s were blinded to the
BNP results (8 days versus 11 days, respectively). The length of hospitalization
differences translated into a savings of $1854 (US dollars) by the use of early
ED BNP testing. Additionally, the BNP-guided group had a 10% lower hos-
pitalization rate (85% versus 75%), and a 9% decrease in ICU admission (24%
versus 15%). Although evaluated in the European health-care environment,
with markedly longer HF hospitalization than in the US system, this study
still demonstrates the principal of early diagnosis results in early treatment,
both of which are important determinants of early discharge.

Case 4

Jason Marbury is a 25-year-old patient of Dr. Steve Kibble. Dr. Kibble works
at the Urban Transplant Center and has been caring for Jason for about 2
years, following an initial referral for cardiomegaly and shortness of breath.
Subsequently diagnosed with a viral cardiomyopathy, Jason is seen nearly
monthly and has required frequent hospitalizations both for fluid overload,
as well as dehydration occurring as a complication of excessive diuresis. Most
recently, Jason has been doing well in managing the complexities of his disease.
He is compliant with his self-assessment, weighing himself daily and adjusting
his furosemide dose accordingly. Furthermore, despite a difficult up-titration,
he is now compliant with his carvedilol and angiotensin converting enzyme
inhibitor.

Today’s presentation was a previously scheduled routine visit. The nurse
has obtained his vital signs, which are blood pressure 92/68 mm Hg, heart
rate 64 beats/minute, and a respiratory rate of 16 breaths/minute. The patient
is afebrile and his pulse oximeter reads 93%. His weight is up 2 pounds since
his visit of 1 month ago. He is complaining of increased dyspnea, worse on
exertion, baseline orthopnea, and orthostatic symptoms that last for approxi-
mately 1 minute after standing. The patient is well known to you. He denies
any smoking, but complains of a cough that has been present ever since starting
the angiotensin converting enzyme inhibitor, although he now says he has oc-
casional sputum production and increased fatigue, with some vague myalgias
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for the past several days. He specifically denies fever, chest pain, vomiting,
other cardiorespiratory symptoms, and claims to have been compliant with
his diet, medications, and fluid restriction.

On physical exam, you note that his neck veins are flat while he is sitting at
about 45◦, his lungs have basilar rales that clear with coughing, and he has a
trace amount of pre-tibial edema. On cardiac auscultation, his rate is regular
but you think you detect an S3. On evaluation of your prior notes, you notice
that the S3 has been occasionally present, as are occasional basilar lung rales.

Discussion of Case 4

What is your course of action? Jason appears well enough that hospitaliza-
tion is not currently considered, but he has signs that suggest his increased
dyspnea may be the result of either worsening of his underlying heart failure,
or conversely the superimposition of a concurrent viral syndrome. His ortho-
static symptoms and flat neck veins suggest that he has intravascular volume
depletion; however, his increased weight gain, and mild pre-tibial edema sug-
gest excessive volume. Although the S3 and basilar rales can suggest excessive
fluid, in this case of chronic heart failure and as reflected in your prior notes,
these findings represent this patient’s baseline.

A number of studies have suggested that BNP measurement can be helpful
in determining the appropriate course of action in this patient. In the first,
Maisel [4] evaluated BNP levels in patients presenting to the ED. They were
able to demonstrate that BNP levels do predict future outcomes. In this anal-
ysis, patients with BNP levels less than 230 pg/mL had composite adverse
outcomes of death or rehospitalization rates within the subsequent 6 months
of less than 4%. In the same analysis, patients with BNP concentrations ex-
ceeding 480 pg/mL had adverse outcome rates (death or rehospitalization) of
nearly 40%. Clearly, BNP elevation is associated with increased risk of adverse
outcome. However, what this study did not address is the question of whether
intervention has the potential to change the adverse outcome rate.

This has subsequently been investigated in an additional analysis in the office
environment [7]. In a study of 69 patients randomized to treatment guided by
BNP levels, versus usual care, physicians treating patients with the additional
knowledge of BNP concentrations had better outcomes over the subsequent
9.5 months. Using a composite endpoint of death, hospitalization, and heart
failure decompensation, the BNP group had 19 events, compared to 54 events
in the standard therapy cohort (p = 0.02). When time to first cardiovascular
event was analyzed, 27% of the cohort with BNP-guided therapy had an event
within 6 months, compared to 53% of the standard therapy group (p = 0.034).
Although this is a small study, it suggests that knowing the BNP result can be
of clinical value when determining the appropriate course of action in the out-
patient environment where symptoms and physical exam finding may more
subtle than in the hospitalized cohort of heart failure patients.

In the office an ECG was performed which demonstrated no change as com-
pared to baseline. A chest X-ray was also obtained. This was interpreted by the
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radiologist as demonstrating no acute pulmonary disease as compared to a film
of 2 months ago. A BNP, performed that afternoon, found a level of 428 pg/mL.
Reviewing the medical record of 6 months ago found a previously obtained
routine BNP level of 365 pg/mL. Because there can be fairly large variation in
BNP values, some claim as much as 30% without discernable clinical conse-
quence, these two levels may be considered equivalent. Consequently, despite
the undefined clinical presentation, the available investigations suggest that
Mr. Marbury is most likely suffering from a viral syndrome. Consequently,
you discharge him to home. About 10 days later you receive a call from a local
ED that his cough has worsened and he has been running intermittent fevers
for 3–4 days. A repeat radiograph demonstrates no interval change, and his
BNP level was 485 pg/mL. After a discussion, the agreed up plan is that he
will be discharged to follow-up with you within the next several days. Three
days later, at the scheduled follow-up, Jason is feeling much better, and his
symptoms have returned to baseline.
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CHAPTER 17

Utilizing multimarker strategies
in patients who present with
congestive heart failure

Johannes Mair

Summary

Heart failure (HF) is not only a hemodynamic derangement of the ventricles,
instead it is nowadays regarded as a progressive structural process altering
the shape, volume, and cellular composition of the heart and the structure
of the vasculature into which the left ventricle must empty. Thus, improve-
ment in the contraction of left ventricle is not the sole focus of HF treatment
any longer. Complex activation of neurohormonal systems is crucial for dis-
ease progression, and pharmacotherapy in HF should aim at antagonizing the
detrimental effects of neurohumoral activation. Arterial underfilling activates
neurohormonal effectors, such as sympathetic nervous system (SNS), renin–
angiotensin–aldosterone system (RAAS), and vasopressin (VP). Over the long-
term, these neurohormonal reflexes have deleterious effects and may enhance
the loss of cardiomyocytes, which may lead to detectable cardiac troponin in
blood samples of HF patients. As long as vasoconstriction and fluid retention
are sufficiently counter-regulated by activation of vasodilatory and natriuretic
substances, such as natriuretic peptides (NPs), HF patients stay asymptomatic.
NPs gained attention as diagnostic and prognostic markers in HF patients. Sev-
eral peptide growth factors and inflammatory cytokines appear to be involved
in HF as well. High-sensitivity C-reactive protein (CRP) is a suitable routine
marker to monitor the proinflammatory activity in HF. Given this pathophys-
iological background a multibiomarker approach appears to make sense in
HF. In acute HF multimarker testing for diagnosis and differential diagnosis is
supported by guidelines. First studies already have demonstrated the added
value of troponin and BNP for risk stratification in chronic HF; however, the
impact of multimarker measurement on clinical decision-making important
for long-term management remains to be demonstrated.

Introduction

HF is a difficult disease to define, and no definition of this complex multisys-
tem disorder is completely adequate and entirely satisfactory. Braunwald [1]

191
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defined this complex syndrome as a pathological state in which an abnormality
of cardiac function is responsible for failure of the heart to pump blood at a rate
commensurate with the requirements of the metabolizing tissues, or can do so
only from an elevated filling pressure. HF usually develops from myocardial
failure due to loss of a critical amount of functioning myocardium after dam-
age to the heart (e.g., myocardial ischemia and infarction that alter regional
function, and myocarditis, dilated, toxic or metabolic cardiomyopathies that
alter global function) or due to chronically persisting hemodynamic changes
leading to pressure or volume overload (e.g., heart valve diseases, systemic
or pulmonary hypertension) which lead to hypertrophy and dilatation of the
chamber. Nowadays the most common causes of HF in industrialized countries
are coronary artery disease (CAD, approximately 60% of HF cases) and hyper-
tension. To overcome the various difficulties in defining HF guidelines for its
diagnosis have been developed by the cardiological societies [2, 3]. Essential
features are the presence of clinical signs and symptoms of HF (e.g., breathless-
ness, fatigue, low arterial blood pressure, ankle swelling, pulmonary edema)
and objective evidence for cardiac dysfunction, e.g., by echocardiography. In
equivocal cases a response to treatment directed toward HF is helpful in es-
tablishing the diagnosis.

In the seventies, HF was perceived as a disease whose symptoms were closely
allied to hemodynamic disequilibrium. This hemodynamic model suggested
that increased ventricular wall stress is the principal cause of HF. It was thought
that these abnormalities could be rectified by the use of vasodilating drugs,
which lead to afterload reduction. These drugs in fact lowered left atrial pres-
sure and increased cardiac output, and acute HF symptoms are rapidly im-
proved by the use of drugs, such as diuretics, vasodilators, and morphine.
This response relates largely to changes in central hemodynamics. However, it
was soon realized that the administration of some of these afterload-reducing
drugs was not associated with any clinical benefit on patient’s outcome even
after improvement in hemodynamic status has been achieved. The origin of
symptoms in chronic HF (CHF) is not related in a simple manner to hemo-
dynamic findings as well [4], and it has been shown that the degree of left
ventricular dysfunction in CHF does not correlate with exercise tolerance or
symptoms. These mismatches are explained by the complex interplay between
central hemodynamic, pulmonary factors, and peripheral circulation, as well
as by neuroendocrine adaptation, which led to the formulation of the neuro-
hormonal hypothesis of the progression of HF [5].

Recent advances in the understanding of
congestive HF: a primer for clinicians

The neurohumoral hypothesis of HF

In recent years, understanding HF has moved from a hemodynamic concept
into accepting the importance of neuroendocrine pathophysiological changes
in the progression of HF [6]. HF is characterized by a number of neurohormonal
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abnormalities, and it is nowadays regarded as a hemodynamic disorder due to
impaired pump function with reduced cardiac output and subsequent venous
congestion with complex neurohormonal activation aimed at improving the
mechanical environment of the heart. Circulating and local hormones as well
as proinflammatory cytokines play an important role in disease progression.
In fact, in recent years the most important developments in the treatment of
HF have been the introduction of first, the angiotensin-converting enzyme
(ACE) inhibitors and then beta-blockers, which resulted in an almost 50%
decrease in mortality in the last decade in therapeutic trials. The great benefits
of these drugs on delaying the progression of HF are mainly attributable to
their neurohumoral effects with beneficial effects on the remodeling of the
failing heart.

The initial injury to the heart leads to low output with subsequent arterial un-
derfilling. These hemodynamic changes are sensed by vascular baroreceptors.
High-pressure receptors are located in the left ventricle, carotid sinus, aortic
arch, and renal afferent arterioles and respond to decreases in arterial blood
pressure, peripheral vascular resistance, or renal perfusion. They activate the
vasomotor center in the medulla oblongata, and the SNS, RAAS, and VP are
the activated principal neurohumoral effectors (see Fig. 17.1) [7]. Activation of
carotid baroreceptors during arterial underfilling in HF is essential for non-
osmotic VP release and overrides activation of atrial receptors. The immediate
effects of SNS and RAAS activation as well as VP release are tachycardia, in-
creased myocardial contractility, vasoconstriction with increased cardiac pre-
and afterload, stimulation of thirst. Salt and water retention occur with a delay
of several days. These hemodynamic mechanisms and baroreceptor-mediated
reflexes are of clear benefit during the acute phase (acute HF) and initially

Myocardial damage

Cardiac output ↓, Blood pressure ↓

Fluid retention

Neurohumoral activation, Inflammatory changes

Hypertrophy, Remodeling

Aggrevation of heart failure

Contractility ↓
Myocardial apoptosis 

and necrosis

Vaso-
constriction

Myocardial strain ↑

Myocardial oxygen demand ↑

Heart rate ↑, 

Contractility ↑
Direct

cardiotoxicity

Figure 17.1 Pathophysiology of heart failure.
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compensate for the failing heart and maintain perfusion of the brain and heart
in the presence of severe reduction in cardiac output, but long-term neurohor-
monal activation is largely maladaptive and exacerbates the hemodynamic
abnormalities by a vicious circle or causes myocyte hypertrophy and exerts
a direct toxic effect on the myocardium (see Fig. 17.1). The clinical signs and
symptoms of CHF largely result from neurohormonal activation leading to
vasoconstriction and renal salt and water retention. Myocardial hypertrophy
initially helps to reduce ventricular wall tension and unloads individual muscle
fibers, but on the long-term it is a maladaptive process and increases myocar-
dial oxygen demand. Activation of neurohormonal systems plays an impor-
tant role in the alterations in ventricular architecture that occurs during the
development of HF (cardiac remodeling). The degree of cardiac remodeling is
influenced by left ventricular hemodynamic load, and ventricular remodeling
involves the myocytes and interstitial myocardial components including col-
lagen. Aldosterone is released systemically by the adrenal glands and locally
in the myocardium itself. The whole aldosterone synthesis pathway is present
in the myocardium and probably controlled by pathways similar to those of
adrenalcortical cells (tissue ACE system). In addition to its vasoconstrictor ef-
fect, angiotensin II is an important mediator of cardiomyocyte hypertrophy.
Increased local and circulating norepinephrine contributes to myocardial hy-
pertrophy either directly or secondarily by activating the RAAS. Similarly,
circulating aldosterone increases the production of collagen by fibroblasts and
thereby the deposition of interstitial collagen in the failing ventricle (cardiac
fibrosis). Both angiotensin II and aldosterone play a major role in the genesis of
myocardial fibrosis. Interstitial myocardial fibrosis increases myocardial stiff-
ness, reduces diastolic ventricular compliance, and is, therefore, important in
the development of HF, in particular, diastolic dysfunction. Cardiac remodel-
ing is on the long-term maladaptive, and it is therefore a key component of the
progressive nature of HF [8]. The clinical efficacy of ACE inhibitors is closely
related to their inhibition of ventricular remodeling by lowering angiotensin II
and aldosterone. At the receptor level, angiotensin II receptor blockers and al-
dosterone receptor blockers (e.g., spironolactone) modulate the remodeling of
the failing ventricle. Beta-blockers modify the hypertrophic and directly toxic
effects of norepinephrine on the cardiomyocyte and also decrease the rate of
apoptosis in HF.

Even in presence of myocardial hypertrophy and increased mitochondrial
density, molecular and structural changes in the chronically failing human
heart lead to an intrinsic contractile defect, i.e., a reduction in the velocity of
shortening at any level of tension development. Important molecular changes
at the levels of energetics, contractile responsiveness to SNS stimulation, and
electromechanical coupling occur in all types of chronic HF, which finally lead
to depressed myocardial contractility (see Table 17.1). Cardiomyocytes un-
dergo phenotypic modifications and re-express several fetal genes (e.g., sar-
comeric proteins, proteins of the calcium handling machinery, creatine kinase
B subunits, and cytoskeletal proteins).
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Table 17.1 Myocardial changes in chronic heart failure.

Molecular changes within cardiomyocytes

Calcium homeostasis

Sarcoplasmatic reticulum calcium content ↓, SERCA 2a activity ↓, plasmalemmal

Na+/Ca2+ exchanger activity ↑
β-adrenergic responsiveness

Receptor density ↓, impaired signal transduction

Contractile and regulatory proteins

Myosin and troponin isoform shifts, myosin ATPase activity ↓
Energetics

CK activity↓, CK-B ↑, creatine phosphate and ATP ↓
Structural changes

Hypertrophy

Dilatation

Fibrosis

Progressive loss of cardiomyocytes (necrosis or apoptosis)

CK, creatine kinase; ATP, adenosine triphosphate.

In summary, through a combination of ventricular dilatation and hypertro-
phy, and the activation of vasoconstrictor and vasodilator forces, a delicate
hemodynamic and neurohormonal balance is achieved, which restores car-
diac function toward that before myocardial damage at minimum energetic
cost. Vasoconstrictive and sodium retentive actions by the RAAS, SNS, VP,
thromboxane, and endothelin are completely counter-regulated by NPs, nitric
oxide, bradykinin, adrenomedullin, and prostaglandins. In overt HF, the com-
pensatory hemodynamic and neurohormonal mechanisms are overwhelmed
or exhausted, which lead to development of the clinical signs and symptoms
of HF and further deteriorates cardiac function.

The pathophysiological basis of a multimarker approach to HF

Cardiac NPs
More than 20 years ago, it was proven that the heart functions not only as
a pump but also as an endocrine organ. De Bold et al. [9] demonstrated the
existence of the long-predicted natriuretic factor, which is the endocrine link
between the heart and the kidneys. This discovery finally led to the character-
ization of a whole family of structurally similar but genetically distinct pep-
tides, the NPs [10]. These looped peptides are the main hormones in the body’s
defense against volume overload and hypertension. They are the naturally oc-
curring antagonists of the hormones of the RAAS and the SNS. NPs inhibit the
secretion of VP and corticotropin, and inhibit salt appetite and water drinking
as well as sympathetic tone in the central nervous system, and peripherally
they increase glomerular filtration rate and natriuresis to protect the heart from
acute volume loads. The hemodynamic effects of NP comprise a decrease in
systemic and pulmonary vascular resistance, systemic and pulmonary arterial
pressure (afterload), plasma volume, venous return and right atrial, pulmonary



P1: JYS

BLUK084-Adams April 13, 2007 19:16

196 Chapter 17

capillary wedge and left-ventricular end-diastolic pressures (preload), and di-
latation of coronary arteries with increased coronary blood flow. As a result,
the cardiac output increases and diastolic function improves. The naturally
occurring antagonists of cardiovascular remodeling are also the NPs that limit
the myocardial proliferative or hypertrophic and fibrotic response to damage
and the remodeling of the heart and vessels (see Fig. 17.1).

Two members of the NP family, atrial natriuretic peptide (ANP) and brain or
B-type natriuretic peptide (BNP), are mainly released in response to myocar-
dial stretch induced by volume expansion and pressure overload of the heart.
Additionally, neurohormones activated in HF, such as VP, phenylepinephrine,
and endothelin, stimulate NP gene expression and release after binding to G-
protein-coupled receptors. In a counterregulatory effort to maintain plasma
volume homeostasis, ANP and BNP are highly activated in HF. Low-pressure
baroreceptors, which are located in the atria, react to volume expansion or
increasing stretch by enhancing NP release from the heart. Under physiolog-
ical conditions, ANP and BNP are mainly expressed in and released from
atrial myocardium. In left ventricular hypertrophy or chronic HF, both NPs
are highly upregulated in ventricles and ventricular myocardium becomes the
main source of circulating NPs, particularly BNP [10]. NPs have an important
role in maintaining the compensated state of HF. However, in overt chronic HF,
high-pressure baroreceptors override the low-pressure receptors since sodium
and water retention occur despite elevated atrial pressures. Baroreceptor dys-
function is an important link between vasomotor and neuroendocrine dys-
function in HF.

A third member of the family, C-type natriuretic peptide (CNP), is produced
by the vascular endothelium and may be important as a paracrine factor in the
regulation of vascular tone, its exact role in HF remains unclear.

All mentioned neurohormones are increased in blood of patients with ad-
vanced HF, but increased plasma concentrations of NP are frequently found
in asymptomatic left ventricular dysfunction as well. In recent years, it turned
out that among all tested markers BNP and the N-terminal split product of
its precursor proBNP (NT-proBNP) are the laboratory markers of choice for
diagnosis, risk stratification, and disease monitoring in HF patients ([11], see
Chapters 14 and 15).

Markers of myocardial necrosis
It is also recognized that myocyte loss or apoptosis may occur in the setting of
HF and such myocyte disappearance also must be accompanied by collagen
remodeling. Myocardial cell death is an important mechanism of HF. There are
two principal causes, apoptosis and necrosis. As a consequence of cell dropout,
the load on the remaining cardiomyocytes is increased. Neurohormonal–
cytokine abnormalities cause apoptosis, which usually occurs in a spotty man-
ner throughout the ventricles. Ischemic necrosis usually causes more localized
myocardial scarring.



P1: JYS

BLUK084-Adams April 13, 2007 19:16

Utilizing multimarker strategies in patients 197

Cardiac troponins are the current criterion standard for the laboratory di-
agnosis of myocardial damage ([12], see Chapter 1), and increases in cardiac
troponins have been reported in severe HF even in the absence of concomi-
tant coronary artery disease [13, 14]. Troponin concentrations were related to
disease severity and the reduction in left ventricular ejection fraction. The de-
tection of circulating cardiac troponin was also identified as a risk indicator in
HF patients [15, 16].

Inflammatory markers
Several peptide growth factors and inflammatory cytokines appear to be in-
volved in HF [17]. These growth factors may mediate the structural changes
in the failing heart. Activation of various cytokines may also contribute to
cardiac dysfunction and to the clinical syndrome and disease progression
by direct toxic effects on the heart and circulation (“cytokine hypothesis’’ of
chronic HF), particularly in more advanced stages. Cytokines and nitric ox-
ide may contribute to the reversible myocardial depression by mediating al-
terations in excitation–contraction coupling and ß-adrenergic desensitization.
Neurohormonal–cytokine abnormalities also cause apoptosis, which usually
occurs in a spotty manner throughout the ventricles. Proinflammatory cy-
tokines play an important role in disease progression. It has now been well
established that patients with HF exhibit elevated plasma concentrations of
proinflammatory mediators, such as tumor necrosis factor alpha (TNF-α),
interleukin-1, or interleukin-6. Many aspects of chronic HF can be explained by
the known biological effects of TNF-α, e.g., TNF-α depresses myocardial func-
tion and induces apoptosis. Interleukin-6 and related cytokines are involved
in the regulation of cardiomyocyte hypertrophy and apoptosis. Interleukin-6
and TNF-α plasma concentration have been reported to be independent prog-
nostic marker of mortality in chronic HF patients [16]. Interleukin-6 and TNF-α
stimulate the synthesis of CRP in the liver. CRP is widely measured in clinical
routine using high-sensitivity assays. Increased CRP concentrations have been
reported in HF patients and were related independently to patient’s outcome
particularly in case of ischemic etiology [17–20]. Thus, CRP appears to be a suit-
able routine marker to monitor the proinflammatory activity in HF patients.
However, currently, it is not clear if CRP is merely a marker of inflammation
with no particular role in the development of HF or if it directly also modulates
the disease process.

Clinical cases

Case 1: 69-year-old male patient with acute HF
Clinical history
Present complaint: Increasing dyspnea after effort during recent weeks with
acute dyspnea on the day of admission. The patient was transported by the
emergency service to the local hospital. He was on digoxin and a diuretic drug,
which were prescribed by his general practitioner.
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Past history: Chronic back pain, three surgical interventions because of pro-
lapsed intervertebral discs (laminectomies), left knee surgery (meniscectomy),
total endoprosthesis of both hip joints, bladder cancer.

Physical examination on admission: Heart rate 96/minute; blood pressure
150/100 mm Hg, slightly reduced general appearance, orthopnea, dyspnea
while talking; slight signs of jugular congestion; normofrequent, regular heart
sounds, no murmurs; pulmonary auscultation: bronchial breath sounds with
prolonged expiratory period; added sounds: dry rales; abdominal examina-
tion: regular; no peripheral edema.

Electrocardiogram on admission: Sinus rhythm, complete left bundle branch
block, left anterior hemiblock; no ST segment or T-wave dynamics on serial
recordings.

Chest X-ray on admission: Normal sized heart, slight signs of left-sided HF.
Echocardiography on admission: Dilated left ventricle, severely reduced sys-

tolic function (ejection fraction <30%), moderate diastolic dysfunction (Grad
II, pseudonormal filling pattern), mitral valve regurgitation grade II–III, mod-
erate pulmonary hypertension.

Laboratory data on admission
Erythrocytes: 4.45 G/L
Platelets: 246 G/L
Leucocytes: 6.2 G/L
CRP: 23 mg/L
Creatinine: 1.1 mg/dL
Troponin T: 0.215, 0.130 (1st day), 0.036 (2nd day), <0.01 μg/L (2 weeks later)
CK: 75, 74 (1st day), 46 (2nd day) U/L
NT-BNP: 3639 (1st day), 1097 ng/L (2 month later)
Liver enzymes, electrolytes, thyroid-stimulating hormone, lipids, HbA1c,

urine within normal range.

Discussion of Case 1
After stabilization, the patient was transferred to the nearby University
Hospital for cardiac catheterization, which excluded a clinically relevant
coronary artery disease and confirmed severe left ventricular dysfunction (left
ventricular ejection fraction 16%, left ventricular end-diastolic filling pressure
24 mm Hg).

Final diagnosis: Dilated cardiomyopathy without clinically relevant coronary
artery disease with secondary mitral valve regurgitation and pulmonary hy-
pertension with acute cardiac decompensation on the day of admission.

Clinical course after discharge: Under optimization of neurohumoral treat-
ment of HF, NT-proBNP markedly decreased despite no change in echocar-
diographic parameters of systolic and diastolic left ventricular function. Two
months later, the patient was clinically in New York Heart Association (NYHA)
stage II.
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Case 2: 55-year-old male patient with dilated cardiomyopathy
and chronic obstructive pulmonary disease
This patient was first referred to our HF outpatient clinics in 2004 because of
increasing dyspnea after effort. The careful examination revealed the following
diagnosis:

1 Dilated cardiomyopathy
2 HF symptoms: NYHA III
3 Endomyocardial biopsy: borderline autoreactive, virus-negative myocardi-

tis
4 Exclusion of clinically relevant coronary artery disease by coronary angiog-

raphy
5 Severe left ventricular dysfunction (ejection fraction 20%, pulmonary cap-

illary wedge pressure 35 mm Hg, cardiac index 1.4 L/min/m2)
6 Relative moderate to severe mitral valve regurgitation (MR II–III)
7 Pulmonary hypertension (mean pulmonary artery pressure 38 mm Hg)
8 Hypertension
9 Severe chronic obstructive pulmonary disease stage III–IV with severe pul-

monary emphysema
10 History of severe smoking

Discussion of Case 2
The patient underwent an optimization of neurohumoral treatment and im-
munosuppressive treatment with azathioprine and cortisone for 1 year, which
lead to a normalization of systolic function and a decrease of NT-proBNP into
the normal range. After stop of immunosuppressive treatment, a slight wors-
ening and a significant increase in NT-proBNP were found (see Table 17.2). The
clinical symptoms of dyspnea and exercise capacity did not change very much
because of severe concomitant chronic obstructive pulmonary disease. The
time courses of clinical symptoms, echocardiographically determined ejection
fractions, creatinine, CRP, NT-proBNP, and cardiac troponin T concentrations
are shown in Table 17.2.

Table 17.2 Time courses in a chronic heart failure patient with dilated cardiomyopathy.

Month/year

04/04 06/04 08/04 10/04 01/05 03/05 05/05 09/05 12/05

NYHA III III II III II II III II II

EF (%) 17 27 50 37

CRP (mg/L) 5.8 2.9 3.4 5.3 2.1 9.1 6.0 7.3 3.9

Creatinine (mg/dL) 1.23 1.15 1.16 0.99 1.21 1.52 1.36 1.02 0.98

NT-proBNP (ng/L) 1048 1182 472 452 154 40 33 119 201

Troponin T (μg/L) < 0.01 < 0.01 0.16

NYHA, New York Heart Association; EF, ejection fraction; CRP, high sensitivity C-reactive protein;

NT, N-terminal; BNP, brain or B-type natriuretic peptide.
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In March 2005, the author was contacted for the interpretation of a docu-
mented increase in cardiac troponin T concentrations, which was difficult to
explain clinically. The clinical situation was as follows: The patient was admit-
ted for a cardiopulmonary rehabilitation program in a nearby rehabilitation
center. On admission he did well and was clinically stable during recent weeks
and had no pulmonary infections. He, highly motivated, took part in the reha-
bilitation program without any complaints. Before the final exercise stress test
a resting ECG was recorded. Minor ST–T segment alterations were noted in
the chest leads, and, therefore, the exercise stress test was cancelled and it was
decided to determine cardiac troponin T. Retrospectively, it turned out that
this ECG recording was not different from previously recorded ECGs in our
department. Troponin T was detectable in two different samples (0.11 and 0.15
μg/L, respectively), whereas creatine kinase (155 and 152 U/L) and lactate de-
hydrogenase activities (181 and 221 U/L) were within the normal range. The
NT-proBNP was low with 40 ng/L and the creatinine concentration was in-
creased (1.52 mg/dL). The patient was seen in our outpatient clinics. He had no
symptoms of angina pectoris or dyspnea, on the contrary he felt better than at
the beginning of the rehabilitation program. The test results of a blood sample
drawn at this visit were: creatinine 1.63 mg/dL, creatine kinase and myoglobin
within normal range (154 U/L and 67 μg/L, respectively), cardiac troponin T
0.162 μg/L, and cardiac troponin I not detectable (<0.02 μg/L). It was decided
to ignore the cardiac troponin T result not fitting to the clinical presentation
and to discharge the patient from the rehabilitation center as planned.

Discussion on the clinical application of the multimarker

approach in HF

Multimarker approach in acute HF
Multibiomarker testing in patients presenting with acute HF is supported by
guidelines. The recently revised European Society of Cardiology guidelines
on the diagnosis and treatment of acute HF [21] include recommendations for
laboratory testing in patients hospitalized with acute HF. Parameters which
must be always measured include a complete blood count, coagulation (INR,
if the patient is anticoagulated), CRP, D-dimer (to exclude acute pulmonary
embolism, but a number of reasons for false-positive test results have to be
considered), urea, creatinine, electrolytes, blood glucose, and cardiac troponin
or creatine kinase isoenzyme MB. In severe HF or in diabetic patients, arterial
blood gases should be measured to assess oxygenation, respiratory adequacy,
and acid–base balance. Parameters to be considered include transaminases,
urinanalysis, and plasma BNP or NT-proBNP. Other specific laboratory tests
should be taken for differential diagnostic purposes or in order to identify
end-organ damage. Among the additional tests, thyroid stimulating hormone
testing is recommended to exclude thyroid dysfunction as a cause of HF. Goals
of the treatment of the patient with acute HF in the recent guidelines already
include laboratory testing as well. An improvement in renal or hepatic function
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Table 17.3 Diseases with reported increases in natriuretic peptide concentrations.

Acute or chronic systolic or diastolic heart failure

Left ventricular hypertrophy

Inflammatory cardiac diseases

Systemic arterial hypertension with left ventricular hypertrophy

Pulmonary hypertension

Acute or chronic renal failure

Liver cirrhosis with ascites

Endocrine disorders (e.g., hyperaldosteronism, Cushing’s syndrome, hyperthyroidism)

Anemia

Central nervous system diseases (e.g., subarachnoid hemorrhage, stroke)

Paraneoplastic syndrome

assessed as urea and creatinine and bilirubin and normalization of serum elec-
trolytes and blood glucose are meaningful goals of treatment. A decrease in
plasma BNP and NT-proBNP reflects hemodynamic or renal improvement and
is therefore beneficial.

BNP and NT-proBNP: BNP in our patient was highly increased as it is usu-
ally found in acutely decompensated HF patients. Rare exceptions are only
seen with very rapidly developing new-onset acute HF (e.g., flash pulmonary
edema) when there was not enough time for up-regulation of BNP and in-
creased BNP secretion from the heart. If elevated concentrations as in our case
are found, further diagnostic tests are required because of the limited cardiac-
specificities of both markers. Important non-cardiac causes of BNP and NT-
proBNP increases are listed in Table 17.3 [22]. In our patient the diagnosis was
established by echocardiography in the emergency department of the local
hospital and NT-proBNP was not measured on admission. NT-proBNP, how-
ever, was measured on the first day after admission after stabilization of the
patient. The value was still high and indicated a high risk of the patient, which
was in accordance with echocardiographic findings. Under optimization of
neurohumoral treatment of HF, NT-proBNP markedly decreased parallel to
clinical improvement despite no change in echocardiographic parameters of
systolic and diastolic left ventricular function. The decrease in NT-proBNP was
marked and outside the reported high biological variability of NT-proBNP.

Cardiac troponin: Troponin measurements are recommended to exclude an
acute myocardial infarction as the reason for acute worsening or first mani-
festation of HF. Troponin T concentrations in our patient were increased on
admission and showed a subsequent decline into the normal range. Troponin
release indicates myocardial necrosis without defining the cause of myocardial
damage. There are numerous reasons for myocardial damage apart from an
acute coronary syndrome, and troponin increases have been described in many
diseases not related to myocardial ischemia (see Table 17.4; [12, 23]). As our
patient did not undergo coronary angiography before, it was justified to refer
him to our department for cardiac catheterization, which excluded clinically
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Table 17.4 Troponin increases not related to an acute coronary syndrome.

1 Myocardial ischemia of other causes

Coronary vasospasm: prolonged ischemia leads to myocardial necrosis

Intracranial hemorrhage or stroke: excessive sympathetic nervous system activity

Intoxication with sympathomimetic agents: direct adrenergic effects

2 Secondary myocardial ischemia (supply–demand mismatch)

Sepsis/systemic inflammatory response syndrome: additional toxic myocardial depression

Hypotension, hypovolemia, or prolonged supraventricular tachycardia: decreased coronary

artery perfusion

Severe left ventricular hypertrophy: subendocardial ischemia

3 Direct myocardial damage

Traumatic: contusion, cardioversion, defibrillation

Cardiomyocyte compression: infiltrative diseases (e.g., amyloidosis)

Toxic: e.g., anthracyclines

Inflammatory/immune-mediated: myocarditis, post-transplantation

4 Increased myocardial stretch or strain

Severe heart failure

Severe pulmonary embolism

Severe chronic pulmonary hypertension

5 Unknown causes

End-stage renal failure

Post-ultraendurance exercise

relevant coronary artery disease and confirmed very severe ventricular dys-
function. Volume and pressure overload of the ventricles, as in acute HF, can
lead to patchy, tiny myocardial necrosis as the result of excessive wall tension
or myocardial strain with the subsequent release of cardiac troponin in the ab-
sence of myocardial ischemia as found in our patient. In addition, pulmonary
congestion and edema impair the oxygenation of blood, which further facil-
itates the development of myocardial damage. Two weeks after admission,
troponin T was no longer detectable, which excluded continuing myocardial
necrosis in our patient.

CRP: CRP testing is recommended to exclude infection as a cause of worsen-
ing in acute HF patients. CRP is the classical acute phase reactant and increases
in CRP after acute HF have already been reported many years ago [24]. The
moderately increased values seen in our patients may be simply explained
by an acute phase response after acute cardiac decompensation. CRP did not
further increase in our patient, and there was no evidence for a severe bac-
terial infection as a trigger of acute cardiac decompensation. Clinical data on
the use of CRP for risk stratification of acute HF patients without myocardial
infarction are very limited and currently this application of CRP cannot be
recommended for routine use.

Multimarker approach in chronic HF
The older, but recently revised, European recommendations for laboratory
testing in chronic HF do not differ substantially from the guidelines for acute
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HF patients [2, 3, 25]. The diagnostic value of NP determination was already
realized in the former version [25], and BNP testing was recommended in un-
treated patients with the clinical suspicion of chronic HF for ruling out HF
in patients with dyspnea in case of low concentrations, especially in primary
care. In this context, it is important to stress that in patients with chronic HF on
optimized treatment BNP concentrations may be low as well [26]. The role of
BNP and NT-proBNP for risk stratification and disease monitoring is acknowl-
edged in the European guidelines and recommendations [2, 27]. However, it
must be stressed that currently these markers cannot be recommended for
tailoring treatment.

Preliminary data demonstrated the added value of troponin and BNP for HF
risk stratification, and CRP was reported to be an independent risk marker in
chronic HF patients as well (see above). However, the impact of multimarker
measurement for risk stratification or on in-hospital clinical decision-making
regarding long-term management remains to be demonstrated. Thus, such a
multimarker strategy is currently not supported by guidelines.

NT-proBNP: The added value of serial NT-proBNP determination is nicely
demonstrated by our case. Clinical symptoms and exercise capacity were not
reliable markers in our patient because of concomitant severe chronic obstruc-
tive pulmonary disease. NT-proBNP concentration changes nicely paralleled
changes in ejection fraction, and with normalization of ventricular function
under immunosuppressive treatment, NT-proBNP returned into the normal
range. NT-proBNP stayed low even during a period of transient worsening
of renal function (see Table 17.2). Although NT-proBNP concentrations are
highly increased in end-stage renal failure [11], in moderate renal dysfunc-
tion ventricular function appears to de the dominant influence on NT-proBNP.
This is further illustrated by the fact that with worsening of ejection fraction
after stop of immunosuppressive treatment NT-proBNP markedly increased
despite a normalization of creatinine concentrations.

CRP: Despite promising data from clinical studies on the use of this marker
for risk stratification in chronic HF patients, this unspecific marker is often dif-
ficult to use in the individual patient due to numerous possible confounders of
CRP concentrations. This is nicely illustrated by our case. Although CRP con-
centrations during periods of pulmonary infections or other infections during
immunosuppressive therapy are not included in Table 17.2, there are substan-
tial fluctuations of this marker even during periods without any clinical signs
of infections, and it is very difficult to determine what is the real baseline CRP
value in a patient, particularly in severely ill patients with severe HF as in our
patient.

Cardiac troponin: Initially, cardiac troponin T was not detectable in our pa-
tient, but in March 2005, cardiac troponin T concentrations were increased,
which was confirmed in two different laboratories. Detectable cardiac troponin
in peripheral blood samples of chronic HF patients is a sign of a worse progno-
sis, but surprisingly cardiac troponin I was not detectable in the same sample,
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and the question arises whether there was really myocardial necrosis in this
patient. All other tested cardiac markers were in the normal range as well,
which supported the cardiac troponin I test result. Mismatches between car-
diac troponins are sometimes seen and are frequently difficult to explain even
for experts. Differences in biological half-lives and clearance mechanisms of
both markers and differences in analytical interferences with troponin assays
have been made responsible, but in most circumstances the reasons for such
discrepancies remain speculative [12, 23]. Although mismatches between car-
diac troponins are frequent in end-stage renal failure [12, 23], moderate renal
dysfunction in our patient at the time of blood sampling is not a likely expla-
nation for the observed mismatch between both markers. Recently, autoan-
tibodies which interfere with the binding sites of antibodies used in cardiac
troponin I assays have been described as causes of false-negative troponin I
results [28]; however, our patient’s serum was not tested for the presence of
“troponin I inhibitory factor.’’Cardiac troponin increases have been reported in
athletes after ultraendurance exercise [23], and the reasons for these increases
are still not clear. Our patient underwent a carefully controlled rehabilitation
program. It is very unlikely that the increase in cardiac troponin T may be
attributed to too heavy physical exercise, particularly in case of a mismatch
of cardiac troponin assay results. Finally there was no sound explanation for
the troponin mismatch, and we decided to ignore the cardiac troponin T re-
sults and to rely on all the other cardiac markers tested which were in accor-
dance with the clinical presentation of the patient. As there was later on no
clinical indication for troponin measurement we did not subsequently mea-
sure troponin T to avoid further confusion for the physicians caring for this
patient.

In summary, multimarker testing makes sense in patients with acute HF and
is supported by guidelines. In patients with chronic HF, BNP and NT-proBNP
are the only established markers which are supported by guidelines, and the
clinical value for routine use of the panel BNP, troponin, and CRP remains to
be demonstrated in chronic HF.
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CHAPTER 18

Clinical integration of C-reactive
protein for primary and secondary
risk factor stratification

Jesse E. Adams

Identification of patients at increased risk of cardiovascular events is a key part
of titration of therapy, whether in primary or secondary prevention models.
Our current diagnostic strategy focuses on so-called traditional risk factors:
hyperlipidemia, hypertension, tobacco abuse, smoking, or obesity. However,
approximately 20% of patients with coronary heart disease have none of these
traditional risk factors, and many patients without atherosclerotic disease also
can have one or more of these risk factors. Risk factors are not diagnostic tests,
and as such would have appalling specificity if viewed in that manner. Thus,
there has been tremendous interest in novel analytes that could improve the
detection of individuals at risk of future cardiovascular risk. Over the last
two decades, there has been an increased interest in so-called high-sensitivity
C-reactive protein (hsCRP) as an additional contributor to the assessment of
cardiovascular risk. CRP is a nonspecific acute phase reactant produced in
the liver after stimulation by diverse cytokines, and numerous epidemiologic
studies have demonstrated a graded relationship between the level of hsCRP
and the subsequent risk of cardiovascular events in both men and women, with
an approximately twofold increased risk in those patients in the highest tertile
[1]. Patients can be categorized regarding their cardiovascular risk by levels of
hsCRP into low (<1 mg/L), average (1–3 mg/L), and high (>3 mg/L) levels of
hsCRP that roughly correspond to the tertile levels in the US population (see
Table 18.1).

It is recommended that two measurements be obtained at least 2 weeks apart
to help decrease the variability due to the nonspecific nature of this acute phase
reactant.

Case 1

A 49-year-old male presents at his wife’s insistence to his physician’s office for
evaluation. He has no history of cardiac or vascular disease and has no other
significant medical problems. His wife is concerned, however, because his
father died of a fatal myocardial infarction at age 52 and his older brother had
a myocardial infarction at age 56. The patient has smoked in the past and now

209
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Table 18.1 Relative risk category and average

hsCRP level.Low < 1 mg/L

Average 1.0 to 3.0 mg/L

High > 3.0 mg/ L

only smokes “a few cigarettes a day.’’ His blood pressure is 130/90 and he is
overweight. He and his wife have recently started an exercise program, largely
consisting of walking 3–4 days a week; prior to that he had no regular exercise
habits. He has no history of diabetes mellitus. A fasting lipid measurement
yields a total cholesterol of 182 mg/dL, HDL of 36 mg/dL, LDL of 116 mg/dL,
and triglyceride level of 102 mg/dL. However, his wife inquires if there are
any other tests that could help to further investigate if he is at risk for a future
heart attack.

Discussion of Case 1

This case represents one of the primary roles of measurement of hsCRP in con-
temporary medicine. Appropriate treatment of individuals is currently predi-
cated on an assessment of their future cardiac risk, with a calculation of 10-year
risk being the standard recommended measure. This formula is widely avail-
able, and a number of tools are also available to provide assistance to clinicians,
both via the internet as well as utilizing personal digital assistants (the National
Cholesterol Education Program, under the auspices of the National Heart Lung
and Blood Institute, provides a free 10-year cardiovascular disease risk calcu-
lator that incorporates age, gender, total cholesterol, HDL cholesterol, smoking
status, systolic hypertension, and history of hypertension; it is available on the
internet at http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=prof).
Based on the data provided in the case above the patient’s 10-year risk is cal-
culated at 12%. There are a number of obvious recommendations that can be
made for this individual to lower his future frisk of cardiac disease. However,
future cardiac risk is influenced by multiple variables and adequate assessment
requires integration of the various independent risk factors. A basic principle
of preventive cardiology is that the appropriate treatment and the degree of the
intensity of the treatment should be titrated to the individual’s absolute per-
sonal risk. Hypertension, diabetes mellitus, hyperlipidemia, obesity, male sex,
and tobacco abuse have been viewed as the traditional risk factors. However,
there is active research into additional markers of risk, due to the observation
that many patients will have few of the “traditional’’ risk factors. For example,
it has been reported that up to one third of patient who present with myocar-
dial infarctions have normal or near-normal lipid levels. Over the past 15 years,
a number of observational studies have identified hsCRP as a powerful inde-
pendent marker of cardiac risk with a graded relationship to the magnitude
of risk [2–4]. Much of the interest in hsCRP has been in the area of primary
prevention and the apparent ability of levels of hsCRP to modulate clinical
judgments when considering therapeutic options, especially in those patients
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whose 10-year risk is felt to be intermediate as in the case in question (10–20%
10-year risk of cardiovascular disease) [5].

Many studies have investigated the appropriate means of integrating hsCRP
measurements into clinical practice. It appears that the optimum method of uti-
lizing the results of an individual’s hsCRP levels is through assignment tertiles
(33%) of the population, then relating these segments to relative risk. Several
studies have shown that, in apparently healthy adults, an hsCRP value that
places an individual in the highest tertile of the otherwise “healthy’’population
is associated with a 2–3 times higher risk of atherosclerosis, stroke, myocardial
infarction, or peripheral vascular disease. The relative risk for cardiovascular
disease increases as the hsCRP level increases. Additionally, combining the
risk-assignment quintiles from hsCRP levels and the total cholesterol/HDL
cholesterol ratio (TC/HDLC) provides superior prediction of future cardiovas-
cular disease [6]. Recommendations for the use of markers of inflammation in
patients with coronary arterial disease was codified in a set of guidelines jointly
released by the American Heart Association and the Center for Disease Control
in 2003 [7]. A portion of the recommendation from these documents states that
“Specifically,those patients at intermediate risk (e.g., 10–20% risk ofcoronary
heart disease (CHD) over 10 years), in whom the physicianmay need additional
information to guide considerations of further evaluation (e.g., imaging, exer-
cise testing) or therapy (e.g., drug therapies with lipid lowering, antiplatelet,
or cardioprotective agents), may benefit from measurement of hs-CRP’’ [7].

Interventions that lower hsCRP include diet, exercise, smoking cessation,
aspirin, statin therapy, improved glycemic control, and potentially therapy
with either ACE inhibitors or angiotension receptor blockers [8, 9]. In this
patient, he was instructed on dietary compliance, smoking cessation, regular
exercise, and weight loss. Follow-up was then scheduled to evaluate his success
in these areas; consideration for statin therapy was deferred until the effect of
the other modifications could be assessed.

Case 2

A 78-year-old man presents to a cardiologist’s office for evaluation. He has a
history of hypertension that is adequately treated with a combination of hy-
drochlorothiazide and lisinopril; he also takes one enteric-coated aspirin a day.
He also has a history of hyperlipidemia and is on lovastatin daily with a fast-
ing LDL of 78 mg/dL, total cholesterol of 156 mg/dL, HDL of 38 mg/dL, and
triglyceride level of 112 mg/dL. The patient has no history of diabetes mellitus.
He does have a history of severe rheumatoid arthritis and is currently treated
with a combination of nonsteroidal agents and methotrexate with adequate
pain control.

He recently went to a health fair at his church. Screening carotid and ab-
dominal ultrasounds were unremarkable. However, he also had blood work
drawn and was told that his CRP level was elevated at 16 and that he should
have follow-up for this. Having just seen a show on television regarding the
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association of CRP and cardiac risk, he self-referred himself to the cardiologists
for further evaluation and treatment.

Discussion of Case 2

This case highlights one of the primary limitations of hsCRP—the nonspecific
nature of the analyte. The AHA/CDC guidelines from 2003 state that “Indi-
viduals with evidence of active infection, systemic inflammatory processes, or
trauma should not be tested until these conditions have abated. An hs-CRP
level of >10 mg/L, for example, should be discarded and repeated in 2 weeks
to allow acute inflammations to subside before retesting’’ [7]. Some investi-
gators have described that patients with hsCRP levels greater than 10 are at
increased risk, and not all researchers agree with the AHA/CDC statement
regarding hsCRP levels greater than 10 [10].

In this particular patient, a subsequent measurement of hsCRP yielded a
nearly identical level. It was felt that due to his active rheumatoid arthritis that
measurement of hsCRP was not of particular utility for the accurate determi-
nation of his future cardiovascular risk, and in addition, he was already being
treated with all clinically available agents that have been shown to lower hsCRP
levels and reduce risk. One could also argue that given his current treatment
and identified risk factors that measurement of hsCRP would provide little ad-
ditional incremental risk. He was instructed to continue his current regimen; no
further measurements of hsCRP were planned. This decision would, of course,
be reconsidered if novel treatments for hsCRP were identified in the future.

Case 3

A 32-year-old male presents to his physician’s office for evaluation. He has no
history of cardiac or vascular disease and has no other significant medical prob-
lems. He is concerned, however, because his friend’s father just died of a fatal
myocardial infarction. The patient has smoked in high school but not since.
His blood pressure is 128/80 and he is not overweight. He plays basketball
1–2 times per week and also runs 1–2 miles at least once a week. He has no his-
tory of diabetes mellitus. A fasting lipid measurement yields a total cholesterol
of 162 mg/dL, HDL of 46 mg/dL, LDL of 100 mg/Dl, and triglyceride level
of 86 mg/dL. However, he had an hsCRP level obtained at a local health fair
which yielded a result of 3.6; the accompanying letter stated that this placed
him at “high risk’’ for a heart attack and he wants to know what to do.

Discussion of Case 3

This patient has a level of hsCRP that places him in the highest tertile of the
population. However, it must be stressed that use of hsCRP is for those patients
that are at intermediate risk (e.g., 10–20% risk of coronary heart disease over 10
years). There is no data to recommend screening of the population with hsCRP
or to employ it routinely in those at very low risk (as is the case of the gentlemen
here). A review of healthy lifestyle choices would be appropriate with this
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gentleman, but no other therapeutic actions should be considered. Specifically,
this gentleman should not be started on any pharmacologic treatment. Also,
there is no indication for subsequent hsCRP measurements, at least at this time.
Ongoing studies are investigating the utility of hsCRP in low-risk individuals,
and future recommendations may be altered predicated on those trials.

Case 4

A 55-year-old female presents to her primary care physician’s office for an
yearly physical. She has a history of hypertension, obesity, type II diabetes
mellitus, and is postmenopausal. She is compliant with all recommendations
that have been made to her in the past and is compliant with all medical thera-
pies. During the interview she asks about other tests that could be performed
to identify if she is at risk for future diseases. On her list is hsCRP that she had
read about in a newspaper article. At the same time, the local newspaper had
just run a series of articles on women (especially African American women)
being underrepresented in clinical trials, and she asks if there is any evidence
that hsCRP is affected by race or gender.

Discussion of Case 4

Because the assay for hsCRP is widely available, there are a number of studies
that have allowed for it to be evaluated across various subsets of individu-
als. In contrast to many other situations, many of the initial epidemiological
studies involved women, and there does not appear to be any difference in
the levels of hsCRP between genders as long as the women are not receiving
hormone replacement therapy; both have a 50th percentile point of approx-
imately 1.5 mg/L [11]. Likewise, there is no significant alteration with age
once patient weight is considered (levels of CRP increase with body size [12]).
Studies that have included individuals across ethnic populations (including
Caucasian, African American, Mexican American, Japanese, and Asian) have
not found any significant differences regarding the distribution of hsCRP lev-
els. Additionally, it can be noted that there are not significant variations of
CRP for fasting versus fed; neither are there cirdadian variations. There are a
number of factors that have been shown to reproducibly result in elevations
of hsCRP levels (see Table 18.2).

Thus, you were able to reassure this individual that the results of any mea-
surements of hsCRP would be valid for her, and additionally that the cutpoints
for hsCRP (low is <1 mg/L, average is 1–3 mg/L, and high is greater than
3 mg/L) would apply to her as well.

Case 5

A 58-year-old male presents to the emergency department with a complaint
of dull substernal chest pain. He has no cardiac history, but has noted for the
last 6 months that he has been experiencing dull substernal chest pain with
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Table 18.2 Factors associated with increases

in hsCRP.Hypertension

Obesity

Metabolic syndrome

Diabetes mellitus

Hormone replacement therapy

Chronic infections

Chronic inflammatory diseases

Current tobacco abuse

Past history of tobacco abuse

Acute strenuous activity (short-term elevation)

ambulation, activity, or stress. The duration of the chest discomfort (which
he describes as a “dull weight’’) is typically 2–5 minutes and resolves with
rest. The last 2 weeks the discomfort has started to be associated with left arm
discomfort, and today he developed nausea and diaphoresis with the episode
of discomfort, which prompted his presentation to the emergency department.
He is pain-free on arrival. His electrocardiogram shows only mild nonspecific
T-wave changes, and initial blood work (including cardiac troponin I and beta
natriuretic peptide) were normal. However, a comprehensive lipid panel was
drawn and sent on arrival, and the patient’s lipids were: LDL of 156 mg/dL,
total cholesterol of 228 mg/dL, HDL of 30 mg/dL, and triglycerides of 212
mg/dL. A measurement of hsCRP is included in the panel and returned with
a value of 8 mg/L.

The patient underwent a stress cardiolyte the next morning after he ruled
out for myocardial infarction with serial troponins and electrocardiograms.
The stress cardiolyte was positive for inferior ischemia; a subsequent cardiac
catheterization showed as 40% lesion in the mid-left anterior descending coro-
nary artery and a 50% lesion in the proximal right coronary artery. Medical
therapy and risk factor modification was recommended.

Discussion of Case 5

In this case, the patient has presented with an acute coronary arterial syndrome.
The initial clinical focus is on determination if indeed this patient has under-
lying coronary arterial disease and if so what is the optimal strategy—medical
therapy, catheter-based revascularization, or surgical revascularization. How-
ever, acute coronary syndrome is a heterogeneous classification with diverse
etiologies. Improved identification of future risk in patients with this can pow-
erfully augment the clinician’s ability to individualize therapy. In addition to
the analytic data provided by history, electrocardiographic data, and other
blood-based markers (and discussed elsewhere in this text), investigations
have demonstrated that measurement of CRP can provide important informa-
tion to this clinical diagnosis. Most patients with stable coronary arterial disease
demonstrate increased levels of CRP; indeed, this is in part why measurement
of CRP has proven to be useful for the prognostication of patients with stable
atherosclerotic lesions. However, studies have demonstrated that levels of CRP
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are significantly increased in the setting of plaque rupture, the most common
pathobiologic event in patients who present with unstable angina pectoris [13].
Studies by multiple investigators have shown that increased levels of hsCRP
have prognostic importance in patients who present to the hospital with un-
stable coronary syndromes [14, 15]. In the GUSTO IV ACS trial (with over 7000
patients enrolled), CRP was found to be highly predictive of 30-day mortality,
with a 30-day incidence of over 6% in the highest quartile, compared with
less than 2% in the lowest quartile. In the GUSTO IV ACS trial, there was no
relationship between the levels of CRP and rate of subsequent myocardial in-
farction, although some (but not all) studies of this population have also found
a relationship to subsequent myocardial injury [16]. In a small but very inter-
esting study, Zouridakis and colleagues investigated 124 patients who were
scheduled for elective angioplasty [17]. In this study, which was performed
in the United Kingdom, the patients were on a waiting list for catheter-based
intervention an average of 4.8 ± 2.4 months. Levels of hsCRP were obtained on
enrollment into the trial, and the degree of stenosis was measured both on the
original catheterization and then at the subsequent catheterization (at the time
of the intervention). Twenty-eight percent of patients demonstrated progres-
sion of their lesion (defined as a 10% worsening in a lesion previously at least
50% stenosis, a greater than 30% worsening in a lesion previously less than
50% stenosis, development of at least a 30% stenosis in a previously normal
segment, or progression of any lesion to total occlusion) in the interval between
the two evaluations. The authors wrote that “The findings in the present study
endorse previous suggestions that inflammation is a crucial factor in athero-
genesis and CAD progression and that molecules such as CRP, neopterin, and
CAMs [cellular adhesion molecules] may not be just markers of inflamma-
tion and cardiovascular risk but also are likely to play a pathogenic role in
atheromatous plaque vulnerability and rapid coronary stenosis progression.’’
The suggestion that CRP plays a role in the pathogenesis of atherosclerosis is
supported by a number of studies but is still controversial [18].

The clinicians intercalated the results of the hsCRP on this patient, indica-
tive of increased risk, and selected an appropriate combination of a lifestyle
prescription, pharmacologic therapy, and close follow-up. Additionally, they
discussed the results of his tests, including the results of the hsCRP, with this
patient to allow him to understand the increased risk that he faced and the
need for aggressive action on his part.
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CHAPTER 19

Lipoprotein subfraction analysis
using nuclear magnetic resonance
spectroscopy

William C. Cromwell, Harold E. Bays, Peter P. Toth

Introduction

It is widely appreciated that the interaction of lipoprotein particles with the ar-
terial wall impacts coronary heart disease (CHD) risk. In clinical practice, this
risk is most commonly assessed by measuring the cholesterol in low-density
lipoprotein (LDL) and high-density lipoprotein (HDL) particles, rather than the
numbers of these atherogenic and antiatherogenic particles. However, there is
little appreciation for how much the cholesterol content of lipoprotein parti-
cles, especially in LDL, varies from person to person. As a result, even the most
accurate LDL cholesterol measurement will, for many individuals, provide an
inaccurate assessment of the number of circulating LDL particles and their
associated CHD risk [1]. Via an automated nuclear magnetic resonance spec-
troscopy (NMR) assay, lipoprotein particles may now be efficiently “counted.’’
Several clinical outcome studies have reported superior CHD risk associations
with NMR lipoprotein particle measures versus components of the standard
lipid profile [2–7]. This chapter will discuss the potential utilization of NMR
lipoprotein particle measures for the evaluation and management of CHD
risk.

Lipoprotein particle quantification by NMR spectroscopy—a
primer for clinicians

Fundamentally, two phenomena make NMR quantification of numbers of
lipoprotein subclass particles possible: (1) lipoprotein subclasses of different
size in plasma emit distinctive NMR signals whose individual amplitudes can
be accurately and reproducibly measured; and (2) measured subclass signal
amplitudes are directly proportional to the numbers of subclass particles emit-
ting the signal, irrespective of variation in particle lipid composition [8].

The process begins with the measurement of a patient’s whole plasma NMR
spectra (Fig. 19.1). Highlighted is the spectral region at ∼0.8 ppm, which con-
tains the signals emitted by the methyl group protons of the four types of lipid
in lipoprotein particles: phospholipid, unesterified cholesterol, cholesterol

217



P1: OTE/SPH P2: OTE
BLUK084-Adams April 14, 2007 17:49

218 Chapter 19

CE, TG

CH3
CH3

CH3

CH3

CH3

CH3

CH3

PL

TG

CE

O

O
O

C

C

C

C

C

CC

C

O

O

O

O

O

O O

OO

H

P
O OR

CH

CH

CH

CH

CH

O

O

PL, FC

CH3 CH3

Figure 19.1 Typical NMR spectrum of plasma. Shown are the plasma methyl lipid signal (peak

below large methyl group to the left) and a schematic representation of lipoprotein structure,

depicted as a neutral lipid core of cholesterol ester (CE) and triglyceride (TG) surrounded by a

shell consisting of phospholipid (PL) and free (unesterified) cholesterol (FC). (Reproduced with

permission from Otvos [8])

ester, and triglyceride. Each lipoprotein subclass signal emanates from the
aggregate number of terminal methyl groups on the lipids contained within
the particle, with the cholesterol esters and triglycerides in the particle core
each contributing three methyl groups and the phospholipids and unesteri-
fied cholesterol in the surface shell each contributing two methyl groups [8].
Since the methyl signals from these lipids are indistinguishable from each
other, they overlap to produce a bulk lipid “particle signal.’’ The amplitude of
each lipoprotein particle signal serves as a measure of the concentration of that
lipoprotein [9].

What makes it possible to exploit the methyl lipid signal for lipoprotein
subclass quantification (without separating the subclasses first) is a magnetic
property specific to lipoproteins that causes the lipids in larger particles to
broadcast signals that are characteristically different in frequency and shape
from the lipid signals emitted by smaller particles [10].A clarifying analogy
has been drawn between lipoprotein subclasses and bells of varying size (Fig.
19.2) [11]. We understand that bells of different size, although made of the same
material, produce unique sound signals. For related reasons associated with
the physical form of lipoprotein particles, different-size subclasses broadcast
distinguishable lipid NMR signals. If we strike a group of bells with equalforce
blows (similar to “exciting’’ the subclasses with a microsecond radiofrequency
NMR pulse), we expect the amplitude (loudness) of the resultant sound sig-
nal to reflect the number of bells struck. By recording the composite signal
produced by the simultaneous “ringing’’ of all of the lipoprotein subclasses
in a plasma sample, it is possible to back-calculate the concentration of each
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Each lipoprotein subclass broadcasts a unique NMR “Sound”

Simultaneous “ringing” of the plasma lipoproteins produces a recorded signal

V6   V5  V4 V3 V2 V1 IDL L3   L2   L1   H5 H4 H3 H2 H1   

Sizes of contributing subclass
signals (derived by computer
analysis) give the subclass

concentrations

Recorded plasma
signal

VLDL
LDL

HDL

Figure 19.2 Each lipoprotein subclass broadcasts a unique NMR “sound.” Lipoproteins

subclasses behave like bells in the NMR analyzer. (Reproduced with permission from Otvos [8])

subclass using prior knowledge about the quantitative relationship between
subclass concentration and signal amplitude.

It is important to note that the total number of methyl groups contained
within a subclass particle is, to a close approximation, determined solely by
the particle’s diameter and is not affected by differences in lipid composition
arising from such sources as variability in the relative amounts of cholesterol
ester and triglyceride in the particle core, varying degrees of unsaturation of the
lipid fatty acyl chains, or varying phospholipid composition. For this reason,
the methyl NMR signal emitted by each subclass serves as a convenient and
direct measure of the number of particles in that subclass.

The lipoprotein particle information from a single NMR test includes total
LDL particle concentration (LDL-P), as well as the subclass particle concentra-
tions of very low-density lipoprotein (VLDL) (large VLDL-P, medium VLDL-P,
small VLDL-P), intermediate-density lipoprotein (IDL-P), LDL (large LDL-P,
small LDL-P), and HDL (large HDL-P, medium HDL-P, small HDL-P). Al-
though levels of total LDL, HDL, and VLDL have always been measured with
high precision by NMR (variability <3%), recent modifications to the compu-
tational algorithm used in the analysis process have substantially improved
the reproducibility of the quantification of individual LDL subclasses (vari-
ability <10%) [12]. This greater measurement precision makes it feasible for
the first time for clinicians to address variations in risk due to LDL subclass
heterogeneity by defining the issue as one of quantity, not quality.

Quantities of NMR-measured lipoprotein subclasses have been integrated
with lipid parameters to produce the NMR LipoProfile Report. As shown in
Fig. 19.3, this report consists of four distinct sections: (1) LDL Particle Numbers
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section reports total LDL-P and small LDL-P values, as well as potential goals
for these values in high-risk and moderately high-risk patient populations;
(2) Lipids section reports chemical total cholesterol and LDL-C calculated
via the Friedewald formula using NMR-derived HDL-C and triglycerides; (3)
Metabolic Syndrome Markers section contains three parameters (LDL size,
large HDL-P, and large VLDL-P) closely associated with insulin resistance [13,
14] and incident type 2 diabetes mellitus [15]; (4) Subclass Particle Numbers
section reports subclass particle concentrations of VLDL-P (large, medium,
small), IDL-P, LDL-P (large and small), and HDL-P (large, medium, small).

Relationship of LDL cholesterol and LDL particle measurements

Traditionally, levels of LDL are assessed not by measuring the atherogenic cul-
prit particles but by measuring the amount of cholesterol the particles contain
(i.e., LDL-C). What is under-appreciated is that the amount of cholesterol car-
ried inside LDL particles is highly variable among individuals with the same
measured LDL-C. As a consequence of the magnitude and prevalence of this
lipid compositional variability, even the most accurate LDL cholesterol mea-
surements will, for many individuals, provide an inaccurate measure of the
number of circulating LDL particles and the CHD risk they confer [12].

The metabolic origins of LDL compositional heterogeneity emanate from
two independent sources of LDL cholesterol compositional variability, both
related to plasma triglycerides (TG) or VLDL levels [1, 16]. The first is variability
in core lipid composition, driven by reactions that modulate the relative amounts
of cholesterol ester and triglyceride contained within the neutral lipid interior
of the particles. The second is variability in particle size, due to the smaller
physical volume of the lipid core in small versus large LDL particles.

When plasma TG levels are elevated, even modestly, a reaction catalyzed by
cholesterol ester transfer protein (CETP) becomes important, in which triglyc-
eride molecules from the core of triglyceride-rich lipoproteins (mainly VLDL)
exchange one-for-one with cholesterol ester molecules in the core of LDL. As
a result, large LDL particles become partially depleted in cholesterol and en-
riched in triglycerides. In a physiologic attempt to reestablish the normal ratio
of cholesterol/triglyceride in the particle core, these compositionally abnormal
particles become a substrate for lipases (including hepatic lipase and endothe-
lial lipase), which hydrolyze some of the core triglycerides. In response to the
efflux of fatty acids from the core and remodeling of the surface shell, the parti-
cles are transformed into smaller, denser LDL particles (Fig. 19.8). Depending
on the TG level and CETP activity, small LDL particles may have a normal core
lipid composition or become significantly cholesterol-depleted. As a result of
these reactions, four different types of LDL particles are likely to be seen in indi-
viduals depending on their metabolic circumstances (Fig. 19.4): large LDL with
a normal core lipid content, large LDL with relatively cholesterol-deficient,
triglyceride-rich lipid cores, small LDL with a normal lipid content, and small
LDL with relatively cholesterol-deficient, triglyceride-rich lipid cores [12].
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Figure 19.3 Example of an NMR Lipoprofile report from LipoScience Inc. showing LDL particle

numbers, lipid profile, metabolic syndrome markers, and distributions of subclass particle numbers.

LDL size differences make an independent contribution to LDL cholesterol
compositional variability. Although LDL diameters differ by a small amount,
typically up to about 3 nm (∼12%), the volume differences of the spherical
lipid core are substantial because they scale according to the third power of the
radius. For LDL particles differing by 3 nm in diameter, there is approximately
40% less core cholesterol in the smaller particle. As a result, individuals with
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smaller LDL particles will require almost 70% more particles to carry the same
amount of LDL cholesterol as the person with the larger particles [1].

Because of variations in LDL composition and size, LDL-P can vary up to 40%
among individuals with the same LDL particle size. Moreover, among people
with equal LDL-P, those with small LDL particles that are also compositionally
cholesterol-poor and triglyceride-rich can easily have LDL-C values that are
50 mg/dL lower than people who have large LDL particles of normal lipid
composition [1].
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Figure 19.4 Schematic representation of the metabolic origins of low-density lipoprotein (LDL)

particles containing less cholesterol than normal. CETP, cholesterol ester transfer protein; HL,

hepatic lipase; LPs, lipoproteins; TG, triglycerides. (Reproduced with permission from Otvos

et al. [1])

In the face of LDL cholesterol compositional variability of this magnitude,
it is not difficult to understand why LDL cholesterol measurements do not
always accurately reflect a patient’s LDL particle number and associated risk
of CHD [12].

Prevalence of quantitative LDL particle abnormalities

Data from the Framingham Offspring Study cycle 4 cohort (n = 3437) provide
insight into the prevalence and clinical characteristics of individuals mani-
festing discrepancies between LDL-C and LDL-P values [1, 17]. The National
Cholesterol Education Panel (NCEP) Adult Treatment Panel III (ATP III) guide-
lines recommend LDL cholesterol targets of <100 mg/dL for patients with
CHD or CHD risk equivalents, <130 mg/dL for patients with ≥2 risk factors
and a 10-year Framingham risk ≤20%, and <160 mg/dL for patients with 0–1
risk factors [18]. These targets correspond to the 20th, 50th, and 80th percentile
values in the Framingham Offspring population. NMR data from the same
samples indicate that the corresponding 20th, 50th, and 80th percentile val-
ues for LDL-P are 1100 nmol/L, 1400 nmol/L, and 1800 nmol/L, respectively
[1]. Among those with LDL-C values <100 mg/dL (20th percentile), 34% of
subjects manifested increased LDL-P >1100 nmol/L (20th percentile). Further
analysis indicated that increased TG and decreased HDL-C were significantly
associated with a “disconnect’’between LDL cholesterol and LDL particle num-
ber (Fig. 19.5) [17].

Metabolic states characterized by high TG and low HDL-C would be ex-
pected to be associated with a relative excess of LDL particles relative to LDL-C.
Garvey et al. [13] reported the NMR lipoprotein characteristics of non-diabetic
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Figure 19.5 Relations in the Framingham Offspring Study of NMR measured LDL particles

(LDL-P) and Friedewald calculated LDL cholesterol (LDL-C) to HDL-C and triglycerides.

(Reproduced with permission from Otvos [17])

subjects with a wide range of insulin sensitivity measured by hyperinsuline-
mic euglycemic clamp, as well as patients with type 2 diabetes mellitus. When
compared with insulin sensitive (IS) subjects, the insulin resistant (IR) and
diabetes subgroups exhibited the following significant LDL differences: (1) A
twofold to threefold increase in the number of small LDL particles and a re-
duction in the number of large LDL particles, resulting in a decrease in LDL
particle size; (2) A progressive increase in overall LDL-P, despite no difference
(IS versus IR) or a minimal difference (IS versus diabetes) in measured LDL-C.
Additionally, lipoprotein subclass abnormalities present in IR subjects were
moderately exacerbated in subjects with type 2 diabetes mellitus independent
of glucose and glycemic control. Overall, the authors concluded that insulin
resistance–induced changes in the NMR lipoprotein subclass profiles predict
increased CHD risk that was not fully apparent with conventional lipid testing.
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These data were extended by a recent study examining sex-specific relations
of the metabolic syndrome with NMR measured LDL-P and small LDL-P in
2993 Framingham Heart Study offspring participants without known cardio-
vascular disease [19]. Overall, 27% of men and 17% of women met ATP-III cri-
teria for metabolic syndrome. Age-adjusted total LDL-P was markedly higher
in individuals with the metabolic syndrome than in those without (Fig. 19.6).
This difference was the result of a compositional change in LDL, with num-
bers of small LDL particles increasing progressively in men and women hav-
ing 0, 1, 2, 3, 4, or 5 components of the metabolic syndrome while numbers
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Figure 19.7 LDL subclasses in Framingham subjects (panel A men, panel B women) with

increasing numbers of metabolic syndrome features. (Based on Kathiresan et al. [19])

of large LDL particles declined (Fig. 19.7). The combination of greatly in-
creased small LDL-P (with less cholesterol per particle) and a numerically
smaller decrease in large LDL-P (with more cholesterol per particle) resulted
in LDL-C values that were not significantly different in men with and with-
out the metabolic syndrome (136.4 versus 133.5 mg/dL, P = 0.16) and only
modestly higher in metabolic syndrome women (136.2 versus 125.1 mg/dL,
P < 0.0001). Increased total LDL-P and small LDL-P, but not LDL-C, were
significantly associated with increasing triglycerides and decreasing HDL-C
levels.

A substantial degree of LDL heterogeneity has also been documented in the
ambulatory care setting. Split sample comparisons of Friedewald calculated
LDL-C and NMR measured LDL-P were reported recently for 2355 patients
with type 2 diabetes mellitus, seen in clinical practice, confirmed to have LDL-C
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<100 mg/dL [20]. Patients were categorized according to their LDL-P values,
using cutpoints corresponding to the 20th, 50th, 80th, and 95th percentile val-
ues of a reference population consisting of >6900 subjects enrolled in the Mul-
tiethnic Study of Atherosclerosis (MESA). A high percentage (61%) of patients
with type 2 diabetes mellitus and optimal LDL-C values <100 mg/dL (20th
percentile) had suboptimal LDL-P levels >1000 nmol/L (20th percentile). Even
among patients with very low LDL-C <70 mg/dL (<5th percentile), a large
number (40%) had LDL-P >1000 nmol/L (20th percentile). Collectively, these
datasets provide a good illustration of how misleading LDL-C levels can be as
a gauge of LDL excess.

Relationship of LDL particle size and number with CHD outcomes

Due to inherent limitations of serum lipids in predicting CHD across a wide
range of lipid values and varying patient populations, lipoprotein subclasses
have been studied with the aim of determining whether this higher level of
information can improve CHD risk assessment and management. Recently,
the relationships of CHD risk with LDL particle size and LDL particle number
in more than 70 cross-sectional epidemiologic, prospective epidemiologic, and
clinical intervention trials were reviewed [12].

With a few exceptions, small LDL particle size (pattern B) was found to be
significantly associated with CHD risk in univariate analyses. However, the
origin of this risk association remains controversial. Many authors cite indi-
rect lines of evidence that implicate atherogenic properties of small-sized LDL
particles. Various data indicate small LDL more easily enters the arterial wall,
undergoes localized retention due to binding with arterial wall proteoglycans,
exhibits enhanced oxidizability in several in vitro models, and directly partic-
ipates in the production of subendothelial macrophage foam cells [21]. Collec-
tively, these findings imply that small LDL is a potent atherogenic lipoprotein,
the measurement of which may be useful to enhance CHD risk prediction and
better evaluate response to lipid therapy [22–24].

However, small-sized LDL particles are most commonly present as a com-
ponent of a broader pathophysiology characterized by high TG, low HDL-C,
increased LDL particle number, obesity, insulin resistance, diabetes, and the
metabolic syndrome [19, 25–27]. As a result, it is unclear if the increased risk
associated with small LDL size in univariate analyses is a reflection of an in-
creased atherogenic potential of small LDL particles, or simply a consequence
of the broader pathophysiology of which small LDL is a part. Following mul-
tivariate adjustment for these confounding risk factors, qualitative LDL size
was rarely found to be a significant, independent predictor of CHD risk.

An alternative explanation for the higher CHD risk observed among pattern
B individuals is the increased quantity of LDL present in the individuals. Total
plasma apolipoprotein B-100 (apoB) has been used historically to estimate the
number of circulating LDL particles due to the presence of one apoB molecule
per LDL, VLDL, and IDL particle, and the fact that approximately 95% of
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Table 19.1 Associations of NMR-measured lipoproteins in recent cardiovascular outcome trials.

NMR particle

Atherosclerotic concentration

Study CHD status endpoint associations*

Cardiovascular Primary prevention Incident MI or angina ↑ LDL-P

Health Study [5] ↑ Small LDL-P

Women’s Health Primary prevention Incident MI, CHD death, ↑ LDL-P

Study [2]† CVA ↑ Small LDL-P

Framingham Heart Primary prevention Incident MI or angina ↑ LDL-P

Study [7] ↑ Small LDL-P

VA-HDL Intervention Secondary prevention Nonfatal MI or CHD ↑ LDL-P

Trial [6]† death ↑ Small LDL-P

↓ HDL-P

↓ Small HDL-P

PLAC-I [4] Secondary prevention Angiographic MLD ↑ LDL-P

↑ Small LDL-P

↑ Small HDL-P

Health Women Primary prevention EBCT coronary calcium ↑ LDL-P

Study [3] score ↑ Small LDL-P

∗Significant and independent after multivariate modeling.
†LDL particles significantly stronger versus apoB.

plasma apoB is bound to LDL particles. Using this assay, several prospec-
tive epidemiologic and clinical intervention trials demonstrate a significantly
stronger association of cardiovascular events with increased LDL particle num-
ber versus LDL-C [12, 28]. The use of NMR spectroscopy to quantify lipoprotein
particle subfractions provides further insight into the relationships of quanti-
tative lipoprotein measures with CHD risk. Data from six recently published
or presented outcome studies (Table 19.1) provide evidence that NMR mea-
sured LDL-P was a significantly stronger predictor of incident CHD events or
disease progression versus LDL-C [2–7] or (in two studies in which it was mea-
sured) apoB [2, 6]. In all of these trials, CHD associations with LDL-P and small
LDL-P were independent of the standard lipid variables. Although qualitative
LDL particle size was univariately associated with CHD risk in 3 of 6 trials, it
failed to be a significant predictor of CHD risk following multivariate adjust-
ment for lipids or LDL particle number. In contrast, quantitative small LDL-P
showed significant univariate and multivariate CHD risk associations in all
trials.

Clinical utilization of NMR-measured LDL-P

Current NCEP recommendations advise clinicians to mange LDL-C as the pri-
mary target for lipid lowering therapy. Despite significant morbidity and mor-
tality improvements noted in recent trials utilizing aggressive LDL lowering
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Table 19.2 Population equivalent LDL-C and LDL-P goals.

Patient risk Population percentile

category LDL-C goal cut-point LDL-P goal∗

Very high risk < 70 mg/dL (optional based < 1000 nmol/L

on clinical judgment)

High risk < 100 mg/dL 20th percentile < 1000 nmol/L

Moderately high risk < 130 mg/dL 50th percentile < 1300 nmol/L

∗Population equivalent values for a reference population consisting of > 6900 subjects enrolled in

the Multiethnic Study of Atherosclerosis (MESA) [20].

therapy, LDL-C levels have not been identified which confer optimal CHD risk
reduction. Thus, clinicians are asked to use clinical judgment in determining
which individuals are candidates for aggressive LDL lowering therapy and
when an adequate therapeutic target has been reached.

Given the significant heterogeneity of LDL particle number among indi-
viduals at LDL-C goal levels, as well as clinical outcome data demonstrating
that LDL-related CHD risk is most significantly associated with LDL particle
number (not LDL size or the amount of cholesterol carried by a patient’s LDL
particles), the use of LDL-P as a clinical tool has been advocated [12].

While we await the results of clinical trials that may help to determine specific
target levels of LDL particle numbers (with different targets possibly needed
for large and small size particles), for patients in different CHD risk categories,
some suggest utilization of LDL-P goals that mirror current NCEP ATP III
targets at a population equivalent level (Table 19.2). Thus, for high-risk patients
(CHD or CHD risk equivalents), the population equivalent LDL-P goal is LDL-
P <1000 nmol/L (20th percentile). For moderately high-risk patients (multiple
risk factors and a Framingham 10-year risk score <20%), the goal is LDL-P <

1300 nmol/L (50th percentile).
Once LDL-C and LDL-P values have been managed, secondary targets of

therapy include (if indicated) increasing HDL-C and lowering triglycerides.
This approach to clinical decision-making is illustrated in the case studies at
the end of this chapter.

Triglycerides and very low-density lipoproteins

Unless serum triglyceride (TG) levels are profoundly elevated (∼greater than
800 mg/dL), the major TG transporting lipoproteins in the preprandial fasting
state are VLDL particles. In addition to TG, VLDL particles contain a core of
lipophilic cholesterol esters, surrounded by an outer layer of water soluble
phospholipids, unesterified cholesterol, and apolipoproteins, including apoB-
100 which does not undergo exchange, as well as apoC and apoE which may
be exchanged with other lipoproteins.
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Fasting triglyceride levels are largely determined by a combination of ge-
netically determined metabolic processes, underlying metabolic disorders
(if present), concurrent drug therapy, as well as diet and physical exercise. For
example, if the dietary intake of fats and carbohydrates exceed metabolic
clearance, then these nutrients are often metabolized into TG, packaged into
apoB containing VLDL particles, and subsequently released into the circula-
tion. Once in the circulation, the TGs in VLDL particles may be exchanged
for cholesterol esters found in HDL and LDL particles through the activity of
cholesteryl ester transfer protein (CETP) (Fig. 19.8). In addition to exchange, en-
dothelial lipoprotein lipase (LPL), mainly associated with muscle and adipose
tissue, can hydrolyze triglycerides subsequent to activation by apoCII. Rem-
nant VLDL particles (often also described as intermediate-density lipoproteins
or IDL) are formed, which may then be taken up by the liver by hepatic apoB
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Figure 19.8 Lipoprotein metabolism in patients with metabolic syndrome (or insulin resistance).

During positive caloric balance, excessive hypertrophy of individual peripheral adipocytes and/or

accumulation and hypertrophy of visceral adipose tissue potentially reveals the pathogenic

potential of adipose tissue (adiposopathy) resulting in a net increase release of free fatty acids into

the circulation and portal vein. The increased delivery of free fatty acids to the liver increases the

risk of hepatic steatosis. In an effort to dispose of excess of fatty acids, the hepatic parenchyma

reassimilates triglycerides and incorporates them into VLDL particles which are then secreted into

the central circulation. CETP catalyzes the net transfer of triglyceride from VLDL to HDL and LDL

particles in exchange for cholesterol esters. As these smaller lipoproteins become progressively

more enriched with triglyceride, they become more favorable targets for hepatic lipase, an enzyme

that converts HDL2 into HDL3 and large, buoyant LDL into its smaller, denser, more atherogenic

variant. Smaller HDL particles have greater thermodynamic inclination to dissociate from apoAI,

which leads to further catabolism and reductions in circulating levels of this lipoprotein.
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receptors. Alternatively, IDL’s may undergo further catabolism via hepatic li-
pase and form LDL particles. Thus, one of the important end results of VLDL
metabolism is the creation of LDL particles that are relatively depleted of TG,
contain a core of cholesterol esters, and have an outer layer that contains such
apoproteins as apoB-100 and apoE.

Elevated TG levels are associated with increased CHD risk [18, 29, 30], al-
though the origin of this risk is unclear. Some data suggest that the increased
atherogenicity associated with increased TG levels may be associated with
chylomicron (CM) and VLDL remnants [31]. However, because of the larger
pathophysiology of which remnant abnormalities are a part, it is unclear if
CM and VLDL remnants are independently associated with CHD risk. Al-
ternatively, elevated TG levels are an important component of the metabolic
syndrome (Table 19.3), a clustering of risk factors thought to increase the risk of
CHD [32–35]. Positive caloric balance in genetically and environmentally sus-
ceptible patients exacerbates the pathogenic potential of adipose tissue, lead-
ing to metabolic (such as a net increase in free fatty acids), endocrinologic, and
immune processes which in pathologic partnership with other body tissues,
contributes to abnormalities in glucose metabolism (such as insulin resistance
and type 2 diabetes mellitus), high blood pressure and dyslipidemia, as well
as endothelial function and possibly direct effects upon the development of
atherosclerosis. A prominent consequence of these metabolic alterations is the
development of the so-called “atherogenic lipid triad,’’ including high TG, low
HDL-C, and small LDL particle size despite normal or low LDL-C [36, 37].
The NMR lipoprotein characteristics that underlie the atherogenic lipid triad
include increased large VLDL-P, increased LDL-P, increased small LDL-P, and
decreased large HDL-P [13, 20]. Trials are currently underway that may help
elucidate the risk attributable to these lipoprotein abnormalities.

Therapies directed primarily at decreasing TG levels include nicotinic acid
[38], fibrates [39], and high dose supplementation with omega-3 fatty acids de-
rived from marine fish oils, specifically eicosapentanoic acid and docosahex-
anoic acid (Table 19.4). In diabetic patients with significant insulin resistance
and hypertriglyceridemia, the thiazolidinediones (pioglitazone, rosiglitazone)
are also clinically useful in managing hypertriglyceridemia.

High-density lipoproteins

In contrast to LDL and VLDL, HDL particles are widely regarded as athero-
protective. A number of prospective epidemiologic investigations, including
the Framingham Study [55], Multiple Risk Factor Intervention Trial [56], and
the Prospective Munster Cardiovascular Study [57], among others, have all
demonstrated an inverse, independent relationship between serum levels of
HDL-C and risk for CHD. Low serum levels of HDL are found in approxi-
mately two thirds of patients with CHD [58, 59] and constitute an important
risk factor for stroke, peripheral arterial disease, sudden death, and restenosis
after angioplasty [60]. In one analysis by Gordon and coworkers, for every
1 mg/dL rise in HDL-C, risk for CHD decreased 2–3% [61]. Consistent with
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Table 19.3 Comparison of NCEP ATP III and WHO criteria for metabolic syndrome [32].

NCEP ATP III

Three or more of the following must be present:

Waist circumference* Men > 102 cm (> 40 inches)

Women > 88 cm (> 35 inches)

Plasma TG Men/women ≥1.7 mmol/L (≥150 mg/dL)

Plasma HDL cholesterol Men < 1.0 mmol/L (< 40 mg/dL)

Women < 1.3 mmol/L (< 50 mg/dL)

Blood pressure Men/women ≥130/≥85 mm Hg

Fasting blood glucose Men/women ≥6.1 mmol/L (≥100 mg/dL)

WHO

At least one of the following must be present:

Impaired fasting glycemia Men/women ≥6.1 mmol/L (≥110 mg/dL) and

< 7.0 mmol/L (< 126 mg/dL)

Impaired glucose tolerance Fasting post-load < 7.0 mmol/L (< 126 mg/dL) ≥7.8

mmol/L (≥140 mg/dL)

Diabetes Fasting ≥7.0 mmol/L (≥126 mg/dL)

Post-load ≥11.1 mmol/L (≥200 mg/dL)

Insulin resistance Men/women Glucose update below lowest

quartile for background population

under investigation

In addition, two or more of the following:

Arterial blood pressure Men/women ≥140/90 mm Hg

Lipid abnormalities:

Plasma TG Men/women ≥1.7 mmol/L (≥150 mg/dL)

Or

Plasma HDL cholesterol Men < 0.9 mmol/L (< 35 mg/dL)

Women < 1.0 mmol/L (< 39 mg/dL)

Central obesity:

Waist:hip ratio Men > 0.9

Women > 0.85

Or

BMI Men/women > 30 kg/m2

Microalbuminuria:

Urinary albumin excretion rate Men/women ≥20 μg/min

Or

Albumin:creatinine ratio Men/women ≥30 mg/g

∗In Asian populations, these values are commonly revised to a waist circumference in men and

women of 90 cm and 80 cm, respectively.
†See Lancet 363, 157–163 (2004) for the WHO BMI definition for Asians.

BMI, body mass index; HDL, high-density lipoprotein; NCEP ATP, National Cholesterol Education

Program Adult Treatment Panel; TG, triglyceride; WHO, World Health Organization.

this, in a recent analysis of data from the Nurses’ Health Study, for every 17
mg/dL rise in HDL-C, risk for developing CHD decreased by 40% [62].

The mechanistic basis for HDL’s antiatherogenic efficacy has been the subject
of intensive investigation in recent years. Among the most important of its
atheroprotective functions is reverse cholesterol transport, a series of reactions
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Table 19.4 LDL particle number [6, 40–54] and lipid [39] altering efficacy of common lipid-altering

agents.

Change in LDL Change in Change in Change in

Lipid-altering agent particle number (%) LDL-C (%) triglyceride (%) HDL-C (%)

Statins ↓ 18–55∗ ↓ 18–55 ↓ 7–30 ↑ 5–15

Nicotinic acid (niacin)† ↓ 10–25 ↓ 5–25 ↓ 20–50 ↑ 15–35

Fibric acids (fibrates)† ↓ 5–20∗ ↓ 5–20‡ ↓ 20–50 ↑ 10–20

Ezetimibe ↓ 15–25∗ ↓ 17–22 ↓ 4–11 ↑ 2–5

Bile acid sequestrants ↓ 15–30∗ ↓ 15–30 No change to

increased

↑ 3–5

Fish oils§ Trials in progress No change

to increased

↓ 20–50 No change

to increased

Phytosterols/phytostanols Trials in progress ↓ 10–15 No change to

decreased

No change

to increased

∗Combination of NMR and apoB Data.
†In patients with elevated numbers of small LDL particles, combination with statins usually

decreases triglycerides, raises HDL cholesterol, and increases LDL size—causing LDL-P to be

decreased more than LDL-C.
‡Fibrates may increase LDL-C blood levels in some patients with hypertriglyceridemia. This is the

so-called beta-effect of fibrates and can occur secondary to a large increase in the conversion of

VLDL to LDL as LPL is activated.
§The lipid-altering effects of oil listed are with administration of—5–9 g of omega-3 fatty acids per day.

by which HDL is able to promote the externalization of intracellular cholesterol
from cell types such as foam cells in blood vessel walls, esterify and sequester
the cholesterol into its hydrophobic core, and then transport the cholesterol to
either the liver for elimination or to steroidogenic organs for steroid hormone
biosynthesis [63] (Fig. 19.9). There is experimental support for the concept of
reverse cholesterol transport in both animal models and in humans [64]. Some
evidence suggests as the capacity for RCT in an organism increases, the risk
for CHD decreases since the likelihood for the net accumulation of lipid in the
vessel wall diminishes.

HDL also exerts a number of other antiatherogenic functions along the en-
dothelial surface and within the blood vessel wall. HDL stimulates endothelial
nitric oxide production and vasodilatation [66], reduces endothelial cell adhe-
sion molecule expression by inhibiting sphingosine kinase [67], and inhibits
endothelial cell apoptosis [68]. HDL has potent antioxidative capacity and car-
ries paraoxonase and platelet activating factor acetylhydrolase, two enzymes
capable of reducing oxidized fatty acids in oxidized LDL, the preferred sub-
strate of scavenging macrophages in the subendothelial space [69, 70]. HDL
has been shown to inhibit platelet aggregation and can promote endothelial
cell production of prostacyclin, a prostaglandin with both vasodilatory and
antithrombotic properties [71, 72].
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Figure 19.9 Molecular pathway for reverse cholesterol transport. In order to deliver peripheral

cholesterol back to the liver or steroidogenic organs such as the adrenal glands, placenta, or

ovaries, apoA-I and nascent discoidal HDL interact with cells such as macrophages in the

subendothelial space of blood vessel walls. The HDL undergoes a series of cell receptor- and

serum enzyme-dependent maturation reactions (i.e., “HDL speciation”). HDL can interact directly

with a variety of hepatic cell receptors, the most important of which is SR-BI. The cholesterol ester

in HDL can also be delivered back to the liver via a more indirect pathway for RCT, which is

dependent upon CETP and the LDL and LDL-RRP receptors. Abbreviations: ABCA1, ATP-binding

membrane cassette transporter A1; apoA-I, apoprotein A-I; apoE, apoprotein E; CE, cholesteryl

ester; CETP, cholesterol ester transfer protein; HL, hepatic lipase; IDL, intermediate-density

lipoprotein; LCAT, lecithin:cholesterol acyltransferase; LDL, low-density lipoprotein; LDL-R,

low-density lipoprotein receptor; LDL-RRP, low-density lipoprotein receptor-related protein;

lysoPC, lysophosphatidylcholine; PC, phosphatidylcholine; PGN, proteoglycans; PL, phospholipid;

PLTP, phospholipid transfer protein; SR-BI, scavenger receptor BI; Trigly, triglyceride; UC,

unesterified cholesterol; VLDL, very low-density lipoprotein. (Reprinted with permission from Toth

[65])

When measuring HDL-C in a routine lipid profile, the NCEP has defined a
level of < 40 mg/dL for this lipoprotein as a categorical risk factor for CHD
[18]. Although NCEP does not suggest a target for HDL-C, it does recommend
that patients with low HDL-C be treated with lifestyle modification (weight
loss, step I diet, smoking cessation, aerobic exercise) and pharmacologic in-
tervention as indicated. The Expert Group on HDL Cholesterol [73] and the
European Consensus Panel on HDL-C [74] recommend that therapeutic effort
be made to raise HDL to ≥40 mg/dL in patients with CAD and those at high
risk for CAD (diabetes, metabolic syndrome, 10-year Framingham risk >20%).
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The American Heart Association endorses a cutpoint for HDL-C >50 mg/dL
as optimal in women [75]. In a recent update to its management guidelines
for diabetics, the American Diabetes Association established HDL-C targets
of ≥40 mg/dL in men and ≥50 mg/dL in women [76]. Expected changes in
serum HDL in response to pharmacologic interventions are summarized in
Table 19.4.

Low HDL is widely prevalent. In addition to having a high prevalence in pa-
tients with CAD, it is a defining feature of the metabolic syndrome and is char-
acteristic of diabetic dyslipidemia. A large number of genetic polymorphisms
play a role in determining any given individual’s circulating level of HDL-C
[77]. Consequently, HDL-C can prove very challenging to raise, especially in
patients with a genetic predisposition toward low levels of this lipoprotein
(“familial hypoalphalipoproteinemia secondary, for example, to low levels of
expression of apoprotein AI or ABCA1 [78]). A common misconception about
HDL is that the smaller, denser HDL particles are “proatherogenic’’ while the
larger, more buoyant HDL particles are “antiatherogenic.’’ All HDL particles
can exert antiatherogenic effects. In fact, many of the antiatherogenic effects
attributable to HDL, including the suppression of adhesion molecule expres-
sion and activation of prostacyclin expression, were discovered with HDL3, the
smaller, denser variant of HDL. Moreover, all subfractions of HDL participate
in RCT, and it is the smaller HDL particles that likely function as the most avid
traps for cellular cholesterol because they are less saturated with cholesterol
than their larger lipid-laden counterparts. Although some studies have shown
HDL2 to be more protective against CHD than HDL3, [79, 80] other studies
such as the Physicians Health Study [81] and data from the Caerphilly and
Speedwell cohorts [82] have shown the opposite. Moreover, in the VAHIT [83]
and Lopid Coronary Angiography Trial [84], reductions in cardiovascular mor-
bidity and mortality and rates of coronary and vein graft atheromatous plaque
progression were predicted by fibrate-induced elevations in HDL3. Conse-
quently, it is elevations in total HDL mass that are important when treating
low HDL, not necessarily the elevation of any one fraction over the other.

NMR spectroscopy quantifies five subfractions of HDL that are reported as
particle concentrations (μmol/L) of small HDL-P, medium HDL-P, and large
HDL-P (Fig. 19.3). Low levels of large HDL are a marker of insulin resistance
and predict future development of diabetes mellitus, particularly in patients
with concomitant elevations in large VLDL [13–15, 85]. In patients with in-
sulin resistance, development of the atherogenic lipid triad is a manifestation
of changes in the activity of lipolytic enzymes (Fig. 19.8). In patients with in-
sulin resistance, LPL is inhibited [85]. LPL is responsible for hydrolyzing the
triglycerides in VLDL and CMs. With reduced rates of catabolism, TG and
VLDL levels rise. In the setting of insulin resistance, HDL levels decrease for
at least three reasons: (1) There is an insulin response element in the gene
for apoAI. With reduced sensitivity to insulin signaling, apoAI expression can
decrease substantially. (2) As VLDL and CMs are hydrolyzed by LPL, sur-
face coat constituents from these large lipoproteins are released, which can be
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used to assimilate HDL in serum. With reduced lipolytic activity, less surface
coat mass is used to form HDL. (3) As TG levels rise, CETP transfers more
triglyceride into HDL, rendering it a better target for lipolysis by HL. HDL
catabolites and delipidated apoAI can be cleared from the circulation via the
kidney (Fig. 19.8). HL also converts large, more buoyant LDL into smaller,
denser LDL via this same mechanism. Consequently, among patients with low
HDL and even modest elevation of triglycerides, patients commonly manifest
increased LDL-P and small LDL-P despite having a normal LDL-C on routine
lipid profiling.

Case studies for lipoprotein subfraction analysis

Case 1

CG is a 42-year-old man with family history of premature atherosclerotic car-
diovascular disease and low HDL-C.

Selected health assessments include:

CHD history No history of known CHD
Blood pressure No history of elevated blood pressure
Cigarette smoking No history of tobacco use
Diabetes mellitus None
Exercise 30 minutes of elliptical walking 3 × weekly
Past medical history Gastroesophageal reflux
Family history Father fatal myocardial infarction (age 51),

brother nonfatal myocardial infarction
(age 45)

Medications Ranitidine porn, ASA 81 mg daily
Height 74 inches
Weight 203 lbs
Body mass index 26 kg/m2

Waist circumference 39 inches
Blood pressure 104/66 mm Hg
Physical exam Non-contributory
Blood chemistries Within normal limits
Thyroid blood tests Within normal limits, including normal

thyroid stimulating hormone
Creatinine blood level Within normal limits
Urinalysis Within normal limits, no protein
Fasting blood glucose 96 mg/dL
Hemoglobin A1c 5.8% (normal 4.5–6.3%)
Fasting insulin level Normal, not elevated
Highly sensitive C-reactive

protein
1.8 mg/L (CHD risk = <1.0 low; 1.0–3.0

average; 3.1–10.0 high; >10 mg/L may
represent non-cardiovascular
inflammation)
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Standard lipid profile Total cholesterol = 146 mg/dL
LDL cholesterol = 94 mg/dL
HDL cholesterol =24 mg/dL
Triglycerides =142 mg/dL

Framingham risk score 1% 10-year risk of CHD
NMR lipoprotein values LDL-P = 1809 nmol/L

(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 1650 nmol/L
(Moderate- and high-risk goal <850

nmol/L)
LDL size = 19.2 nm
(Pattern B, high metabolic risk)
Large HDL-P = 1.6 μmol/L (Intermediate

metabolic risk)
Large VLDL-P = 3.2 nmol/L (Intermediate

metabolic risk)

Intervention: After discussing options with the patient he elected to engage
therapeutic lifestyle changes by adopting a Step II American Heart Association
(AHA) diet and increased elliptical walking to 60 minutes daily as tolerated.

Two weeks later he noted sudden onset of anterior chest pressure and di-
aphoresis. The patient presented to hospital where he was diagnosed with an
acute coronary syndrome. On emergent cardiac catheterization he was found
to have 95% mid-LAD and 40% mid-RCA lesions. The LAD lesion was treated
with PTCA and stent placement. His hospital course was otherwise unremark-
able. At discharge he was advised to continue Step II AHA diet, exercise as
prescribed, and therapy with atorvastatin 20 mg daily was initiated. Labora-
tory studies were repeated 12 weeks post discharge.

Standard lipid profile Total cholesterol = 125 mg/dL
LDL cholesterol = 84 mg/dL
HDL cholesterol = 27 mg/dL
Triglycerides = 96 mg/dL

NMR lipoprotein values LDL-P = 1137 nmol/L
(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 1040 nmol/L
(Moderate- and high-risk goal <850 nmol/L)
LDL Size = 19.9 nm
(Pattern B, high metabolic risk)
Large HDL-P = 4.2 μmol/L
(Intermediate metabolic risk)
Large VLDL-P = 1.4 nmol/L
(Intermediate metabolic risk)
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Intervention: On recheck the patient remained compliant with therapeu-
tic lifestyle measures and atorvastatin without complaints. Extended release
niacin 1000 mg prior to bedtime was added to the medical regimen. Repeat
laboratory studies 12 weeks after institution of combination therapy were per-
formed.

Standard lipid profile Total cholesterol = 125 mg/dL
LDL cholesterol = 79 mg/dL
HDL cholesterol = 38 mg/dL
Triglycerides = 42 mg/dL

NMR lipoprotein values LDL-P = 905 nmol/L (Optimal)
(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 120 nmol/L (Low)
(Moderate- and high-risk goal <850 nmol/L)
LDL Size = 20.6 nm
(Pattern A, low metabolic risk)
Large HDL-P = 4.8 μmol/L
(Intermediate metabolic risk)
Large VLDL-P = 0.8 nmol/L
(Intermediate metabolic risk)

Discussion of Case 1
At presentation this patient would be felt by many clinicians to harbor in-
creased CHD risk due to his strong family history of premature cardiovascu-
lar disease and, what appears to be at a lipid level, “isolated’’ low HDL-C. At
a lipoprotein level, NMR values demonstrated the combination of significant
LDL-P (1809 nmol/L) and small LDL-P (1650 nmol/L) elevations despite a
low LDL-C value (94 mg/dL). This quantitative LDL excess is also qualita-
tively expressed as small LDL particle size. The discordance of LDL-P and
LDL-C concentrations is consistent with data from the Framingham Offspring
Study presented previously which demonstrate progressive increasing LDL-P
and decreasing LDL-C as HDL-C values decline below 50 mg/dL. As a re-
sult, this patient harbors both LDL-related CHD risk (excess LDL-P and small
LDL-P) and HDL-related CHD risk. Although his 10-year Framingham risk
score at presentation was low (1%), this parameter is heavily age weighted.
Consequently, CHD risk may be underestimated in younger patients despite
findings that would imply higher clinical risk.

Lipoprotein management of this patient will require both reduction of his
increased number of LDL particles and efforts to increase HDL-C. Integrat-
ing LDL-P into clinical decision-making is illustrated in Table 19.5. Overall,
the priority of intervention is to first address LDL-related risk, followed by
management of HDL-C and TG-related risk. Because LDL-P is often elevated
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Table 19.5 Integrating lipoprotein particle number (LDL-P) and lipid management.

LDL-P

At goal Near goal Not near goal

At goal

LDL-C Near goal
No further therapy

Consider further

LDL lowering therapy
Not near goal

Further LDL lowering therapy

At goal No further therapy Further LDL lowering therapy

Further LDL lowering therapy

(priority 1)
HDL-C Near goal Consider HDL raising therapy

Further HDL raising therapy

(priority 2)
Not near goal Further HDL raising therapy

At goal No further therapy Further LDL lowering therapy

TG Near goal Consider TG lowering

therapy

Further LDL lowering therapy

(priority 1)

Not near goal Further TG lowering therapy Further TG lowering therapy

(priority 2)

among individuals at or near LDL-C goal, one cannot assume goal LDL-C
values reflect goal LDL-P values. Thus, both LDL-C and LDL-P should be
managed to successfully address LDL-related CHD risk. Next, LDL-P should
be considered when evaluating abnormal HDL-C and TG values. As discussed
previously, progressively greater elevations of LDL-P values are encountered
as HDL-C declines below 50 mg/dL and TG rises above 125 mg/dL [1]. As
shown in Table 19.5, different clinical considerations are present given the de-
gree to which LDL-P, or the lipid parameter in question, are at or near goal
values.

At hospital discharge the patient was appropriately begun on statin ther-
apy. By inhibiting the rate-limiting enzyme (HMG Co-A reductase) involved
in cholesterol synthesis, increased numbers of LDL receptors are expressed.
LDL particles of all size bind to increasingly expressed receptors resulting
in decreased LDL-P. The percent reduction in LDL particle number on statin
therapy roughly mirrors the percent reduction in LDL-C for the agent and
dosage selected [40–46]. The patient’s laboratory values on atorvastatin 20 mg
daily showed LDL-C (84 mg/dL) to be at ATP III goal of <100 mg/dL (20th
percentile) with continued low HDL-C (27 mg/dL) and unremarkable triglyc-
erides (96 mg/dL). However, LDL-P (1137 nmol/L) remained above a popula-
tion equivalent goal for high-risk patients (1000 nmol/L) due to continued el-
evation of small LDL-P (1040 nmol/L) above the 50th percentile (850 nmol/L).
To achieve further LDL particle reductions as well as to increase HDL-C, ex-
tended release niacin was added to statin therapy. The LDL effects of niacin
therapy are usually described as qualitative “shifting’’ of LDL particles from
small to large size, coupled with a modest decrease in LDL-C. The quantitative
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NMR measured lipoprotein effects of extended release niacin were reported
by Morgan et al. [47] in a study of the effects of 1000 mg and 2000 mg dosages
of extended release niacin monotherapy. In a dose-related fashion, LDL-P de-
clined 15% and 23%, while small LDL-P decreased 47% and 50% on dosages
of 1000 mg and 2000 mg, respectively.

In response to combination, statin plus extended release niacin therapy, re-
peat laboratory studies showed a slight decrease in LDL-C (79 mg/dL), sub-
stantial increase in HDL-C (38 mg/dL), and further reduction of triglycerides
(42 mg/dL). Despite the small net decrease in LDL-C (5 mg/dL), the quantita-
tive LDL particle response to this combination was robust. LDL-P decreased
from 1137 nmol/L to 905 nmol/L (goal <1000 nmol/L) and small LDL-P de-
creased from 1040 nmol/L to 120 nmol/L (goal <850 nmol/L). In patients
with elevated numbers of small LDL particles, combination of niacin or fi-
brates with statins usually decrease triglycerides, raises HDL cholesterol, and
increases LDL size—causing LDL-P to be decreased more than LDL-C.

Having achieved LDL-C and LDL-P targets, further optimization of HDL-C
should be considered. Unlike decreased LDL values, which reach steady state
levels within 3 months after institution of therapy, increases in HDL values
may take 9 months or more to reach steady state levels. This time to maximum
HDL effect is clinically important in gauging therapeutic response, as well as
deciding when additional dosage adjustments are needed to achieve additional
HDL-C raising.

Case 2

MS is a 46-year-old man with moderate hypertriglyceridemia and a constella-
tion of CHD risk factors consistent with the “metabolic syndrome.’’

Selected health assessments include:

CHD history No history of known CHD
Blood pressure High blood pressure, well-controlled with

an angiotensin converting enzyme
inhibitor

Cigarette smoking One pack per day, for the past 30 years
Diabetes mellitus None
Exercise Minimal
Past medical history No history of alcohol intake
Family history Father with MI at age 61
Medications ACE inhibitor, aspirin
Height 70 inches (178 cm)
Weight 245 lbs (111 kg)
Body mass index 35 kg/m2

Waist circumference 41 inches (104 cm)
Blood pressure 110/75 mm Hg
Physical exam Non-contributory
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Blood chemistries Normal, except mild elevations in liver
transaminases

Thyroid blood tests Normal, including normal
thyroid-stimulating hormone

Creatinine blood level Normal
Urinalysis Normal with no protein
Fasting blood glucose 112 mg/dL
Hemoglobin A1c 6.0% (normal 4.5–6.3%)
Fasting insulin level Normal, not elevated
Highly sensitive C-reactive

protein
3.6 mg/L (CHD risk = <1.0 low; 1.0–3.0 av-

erage; 3.1–10.0 high; >10 mg/L may rep-
resent non-cardiovascular inflammation)

Standard lipid profile Total cholesterol = 240 mg/dL
LDL cholesterol = 145 mg/dL
HDL cholesterol = 35 mg/dL
Triglycerides = 300 mg/dL

Framingham risk score 25% 10-year risk of CHD
NMR lipoprotein values LDL-P = 2279 nmol/L (Optimal)

(High-risk goal <1000 nmol/L) (Moderate
high-risk goal <1300 nmol/L)

Small LDL-P = 1918 nmol/L (Low)
(Moderate- and high-risk goal < 850

nmol/L)
LDL size = 19.9 nm
(Pattern B, high metabolic risk)
Large HDL-P = 3.0 μmol/L
(High metabolic risk)
Large VLDL-P = 10.4 nmol/L
(High metabolic risk)

Discussion of Case 2
Due to the presence of increased waist circumference, elevated fasting glucose,
decreased HDL-C, and increased triglycerides, this patient meets the NCEP
ATP III definition of the “metabolic syndrome’’ (Table 19.3), placing him at
increased CHD risk. His high risk for CHD is further exacerbated by poor
lifestyle habits (particularly cigarette smoking), obesity, and a lack of exercise.
This clinical impression is supported by the calculated Framingham risk score,
suggesting a very high, 25% risk of a CHD event in 10 years. Given that obe-
sity is at epidemic levels, with more than 1 billion overweight adults, at least
300 million of them obese [13], this presentation is increasingly common. The
mild elevations in liver enzymes likely represent hepatic steatosis or “fatty
liver,’’ which is also common in patients with this clinical presentation [19, 21]
(Fig. 19.8). Additionally, the elevation in CRP reported is expected, given the
presence of multiple CHD risk factors, particularly cigarette smoking, obesity,
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and dyslipidemia [22]. Although the patient’s fasting insulin level was within
the normal range, approximately 25% of insulin resistant patients do not man-
ifest hyperinsulinemia—an important finding that contributes to questions
regarding the utility of the term “metabolic syndrome’’ [23].

NMR lipoprotein parameters are consistent with values previously dis-
cussed for metabolic syndrome patients. At lipoprotein particle level, this pa-
tient demonstrates extreme elevations of LDL-P and small LDL-P indicating
much greater quantitative LDL-related risk than implied by an LDL-C of 145
mg/dL. Additionally, the patient demonstrates the triad of small LDL parti-
cle size, decreased large HDL-P, and increased large VLDL-P, findings that
are significantly associated with metabolic syndrome [13] and development of
incident type 2 diabetes mellitus [15].

This patient harbors multiple sources of lipoprotein-related CHD risk. As
shown in Table 19.5, priorities of therapy should first address reduction of his
LDL-related risk followed by efforts to increase HDL-C and reduce TG.

Case 3

AF is a 55-year-old male with a 4-year history of type 2 diabetes mellitus,
hypertension, and hypercholesterolemia.

Selected health assessments include:

CHD history No history of known CHD
Blood pressure High blood pressure, well-controlled with an

angiotensin converting enzyme inhibitor
(ACE inhibitor) and thiazide diuretic

Cigarette smoking No history of tobacco use
Diabetes mellitus 4-year history—diet and oral agent con-

trolled
Exercise Minimal
Past medical history Hyperlipidemia (elevated LDL-C and

Triglycerides)—4-year history improved on
HMG Co-A reductase inhibitor

Family history Mother nonfatal myocardial infarction (age
54)

Mother type 2 diabetes mellitus (age 50)
Medications Simvastatin 20 mg daily, metformin 1000 mg

BID, ramipril 10 mg daily, ASA 81 mg daily,
hydrochlorothiazide 12.5 mg daily

Height 66 inches
Weight 192 lbs
Body mass index 31 kg/m2

Waist circumference 41 inches
Blood pressure 124/70 mm Hg
Physical exam Non-contributory
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Blood chemistries Within normal limits
Thyroid blood tests Within normal limits
Creatinine blood level Within normal limits
Urinalysis Within normal limits, no protein or albumin
Fasting blood glucose 108 mg/dL
Hemoglobin A1c 6.8% (normal 4.5–6.3%)
Fasting insulin level Not performed.
Highly sensitive

C-reactive protein
3.0 mg/L (CHD risk = <1.0 low; 1.0–3.0 av-

erage; 3.1–10.0 high; >10 mg/L may repre-
sent non-cardiovascular inflammation)

Standard lipid profile Total cholesterol = 162 mg/dL
LDL cholesterol = 98 mg/dL
HDL cholesterol = 43 mg/dL
Triglycerides = 105 mg/dL

Framingham risk score CHD risk equivalent (type 2 diabetes melli-
tus)

NMR lipoprotein values LDL-P = 1502 nmol/L
(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 1050 nmol/L
(Moderate- and high-risk goal <850 nmol/L)

LDL Size = 20.4 nm
(Pattern B, high metabolic risk)
Large HDL-P = 5.2 μmol/L
(Intermediate metabolic risk)
Large VLDL-P = 8.5 nmol/L
(High metabolic risk)

Intervention: Options for therapeutic lifestyle modification and medication
adjustments were discussed with the patient. Although he was encouraged to
receive dietary counseling, the patient indicated frustration with prior efforts
at diet therapy and declined formal dietary instruction. The general tenets of
a weight optimization, Step II AHA diet was reviewed in the office. He did
agree to undergo treadmill stress testing which revealed no abnormalities. Ex-
ercise prescription was generated and the patient agreed to begin a supervised
aerobic exercise program. Simvastatin dosage was increased to 40 mg daily.

Patient returned 3 months later having complied with medication, which
he tolerated without difficulty. He was noncompliant with dietary recommen-
dations and only intermittently compliant with exercise, which he tolerated
without complaints.

Standard lipid profile Total cholesterol = 124 mg/dL
LDL cholesterol = 74 mg/dL
HDL cholesterol = 41 mg/dL
Triglycerides = 70 mg/dL
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NMR lipoprotein values LDL-P = 999 nmol/L
(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 850 nmol/L
(Moderate- and high-risk goal <850 nmol/L)
LDL size = 20.3 nm
(Pattern B, high metabolic risk)
Large HDL-P = 5.8 μmol/L
(Intermediate metabolic risk)
Large VLDL-P = 3.2 nmol/L
(Intermediate metabolic risk)

Intervention: Due to concerns about potential adverse effects with increas-
ing medication, the patient decided to engage in therapeutic lifestyle changes
previously outlined. Medical regimen was continued at previous dosages.

He returned 6 months later having been compliant with diet and exercise
recommendations, which he tolerated with complaints. During this period the
patient experienced a 16-pound weight loss.

Standard lipid profile Total cholesterol = 134 mg/dL
LDL cholesterol = 74 mg/dL
HDL cholesterol = 48 mg/dL
Triglycerides = 60 mg/dL

NMR lipoprotein values LDL-P = 721 nmol/L
(High-risk goal <1000 nmol/L)
(Moderate high-risk goal <1300 nmol/L)
Small LDL-P = 432 nmol/L
(Moderate- and high-risk goal <850 nmol/L)
LDL Size = 21.2 nm
(Pattern A, low metabolic risk)
Large HDL-P = 7.2 μmol/L
(Intermediate metabolic risk)
Large VLDL-P = 0.1 nmol/L
(Low metabolic risk)

Discussion of Case 3
Lipoprotein abnormalities encountered in type 2 diabetes mellitus, as well as
insulin resistance and the metabolic syndrome, emanate from a combination
of large VLDL particle overproduction, impaired VLDL clearance, CETP me-
diated cholesterol depletion of LDL and HDL particles, and lipase mediated
generation of small LDL and small HDL particles, as discussed above. Two
consequences flow from this composite lipoprotein abnormality. First, due
to variability in the amount of cholesterol carried per particle, the standard
lipid panel frequently fails to reflect the magnitude of quantitative lipoprotein
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abnormalities present. This is of particular clinical significance when attempt-
ing to assess LDL-P response to therapy at LDL-C values at or near goal.
Second, quantitative lipoprotein abnormalities are easily exacerbated by poor
glycemic control, obesity, decreased physical activity, and ineffective diet ther-
apy. In response to unsuccessful therapeutic lifestyle changes, patients often re-
quire significantly higher dosages of mono—or combination therapy in efforts
to achieve lipoprotein goals. Conversely, successful implementation of diet
and exercise often results in significantly less drug therapy to reach lipopro-
tein targets.

The NCEP designates type 2 diabetes mellitus, regardless of cardiac status,
as a CHD risk equivalent state for which an LDL-C goal of <100 mg/dL is rec-
ommended [18]. An optional LDL-C target of <70 mg/dL is also advocated for
patients judged to be at very high risk [86]. At presentation, laboratory stud-
ies showed LDL-C (98 mg/dL) was at NCEP goal with reasonable HDL-C
(43 mg/dL) and triglyceride (105 mg/dL) values. Additionally, excellent
glycemic control (HbA1C 6.8%) was noted in response to metformin ther-
apy. However, NMR lipoprotein values demonstrated elevated LDL-P (1502
nmol/L) above the population equivalent goal for CHD risk equivalent pa-
tients (1000 nmol/L) and increased small LDL-P (1050 nmol/L) above the 50th
percentile (850 nmol/L). At a qualitative level, LDL particles were small in size
due to differential enrichment in small LDL particle number. With a primary
need to lower elevated LDL-P and small LDL-P, the patient was counseled to
engage in therapeutic lifestyle changes and simvastatin dosage was increased
to 40 mg daily.

In response to increased statin therapy, but without change in lifestyle, repeat
laboratory studies showed a decrease in LDL-C (74 mg/dL), a little or no
change in HDL-C (41 mg/dL), and reduction of triglycerides (70 mg/dL). NMR
lipoprotein testing showed that LDL-P (999 nmol/L) and small LDL-P (850
nmol/L) values were approaching recommended goal levels (1000 nmol/L
and 850 nmol/L for LDL-P and small LDL-P, respectively) advocated for CHD
risk equivalent patients. Due to the patients continued increased BMI and
failure to adopt therapeutic lifestyle measures, dietary therapy continued to
represent a significant treatment option.

The ability of non-pharmacologic intervention to limit need for additional
medication should not be underestimated. Concerns about potential adverse
effects secondary to increasing medication dosage can serve to motivate
patients to engage in therapeutic lifestyle changes. In this case, following 6
months of diet and exercise, the patient experienced a 16-pound weight loss.
Repeat laboratory studies showed no change in LDL-C (74 mg/dL), increased
HDL-C (48 mg/dL), and further reduction of triglycerides (60 mg/dL). De-
spite no change in LDL-C, the quantitative LDL particle response to therapeu-
tic lifestyle was substantial. LDL-P decreased from 999 nmol/L to 721 nmol/L
(goal <1000 nmol/L), while small LDL-P decreased from 850 nmol/L to 432
nmol/L (goal <850 nmol/L). Continued compliance with lifestyle and medi-
cation may result in even further improvements over time.
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