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Clinical cardiac involvement in thrombotic thrombocytopenic
purpura: a systematic review

Beau M. Hawkins, Mazen Abu-Fadel, Sara K. Vesely, and James N. George

BACKGROUND: Autopsy studies consistently demon-
strate cardiac involvement in thrombotic thrombocy-
topenic purpura (TTP), but clinical evidence for cardiac
abnormalities is rarely reported.

STUDY DESIGN AND METHODS: This systematic
review addresses the apparent discrepancy between
autopsy and clinical data. English language articles
were identified by keywords for both TTP and for
cardiac symptoms, testing, or events. Patients were
analyzed if they were more than 10 years old with
idiopathic TTP.

RESULTS: Thirty articles were identified that described
111 eligible patients: 20 case reports described 27
patients, 9 retrospective cohort studies described 74
patients, and 1 prospective cohort study described 10
patients. Cardiac events included infarction (26
patients), congestive failure (17), arrhythmias (10), car-
diogenic shock (6), and sudden cardiac death (8). Mor-
tality was assessed in 101 patients: 55 died, and 48
autopsies were described. All demonstrated cardiac
microvascular thrombi, hemorrhage, and/or necrosis.
Follow-up information was reported in only 6 of the 16
patients who survived a cardiac event (follow-up dura-
tion, 10 days-2 years; median, 7 weeks).
CONCLUSIONS: The frequency and sequelae of clini-
cal cardiac abnormalities in TTP cannot be accurately
assessed because most patients were described in
reports of few selected patients; many patients were
reported before the availability of effective treatment
for TTP and sensitive tests for cardiac involvement.
Continuing case reports and cohort studies, however,
suggest that cardiac abnormalities may be important
and often unrecognized causes of mortality and morbid-
ity in patients with TTP. Prospective studies are needed
to determine if cardiac therapy can improve survival
and long-term outcomes of patients with TTP.
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ardiac involvement in patients with thrombotic

thrombocytopenic purpura (TTP) has been

apparent since the initial case report.! Subse-

quent reviews of published case reports during
the era before effective treatment consistently docu-
mented that the heart was one of the most frequently
involved organs at autopsy examination.>* With the
advent of effective plasma exchange treatment, mortality
from TTP has decreased from 90 percent* to approxi-
mately 20 percent;> however, autopsy examinations con-
tinue to document extensive cardiac involvement.*® In
spite of these consistent pathologic observations, cardiac
symptoms and clinical cardiac abnormalities are rarely
described. For example, in 13 case series of 50 or more
patients published since 1990, none mentioned
cardiac symptoms or clinical cardiac abnormalities in
patients with idiopathic TTP. Whether clinical cardiac
abnormalities in patients with TTP are uncommon or
unrecognized is unclear.

Our review was motivated by four questions impor-
tant for the care of patients with TTP. 1) What is the
frequency of clinical cardiac abnormalities in patients
with TTP using sensitive methods to detect myocar-
dial ischemia and cardiac dysfunction? 2) Is cardiac

ABBREVIATIONS: EKG(s) = electrocardiogram(s); HUS =
hemolytic-uremic syndrome; TTP = thrombotic thrombocy-
topenic purpura.
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involvement an important cause of the continuing mor-
tality of patients with TTP? 3) Does abnormal cardiac
function persist in patients after recovery from an acute
episode of TTP? 4) Can identification of cardiac involve-
ment and appropriate treatment reduce mortality in
patients with TTP and diminish symptoms of decreased
endurance after recovery from TTP?

To address these questions and the apparent discrep-
ancy between the autopsy and clinical cardiac involve-
ment, we used the method for systematic reviews of
published reports!® to determine the nature and fre-
quency of cardiac symptoms, testing, and events during
the clinical course of patients with TTP. We also docu-
mented observations on follow-up of cardiac events and
results of autopsies in patients who had had clinically
demonstrated cardiac abnormalities. Identification of
cardiac abnormalities in these patients may provide a
better understanding of the potential risks associated with
TTP as well as an opportunity for additional effective
treatment.

MATERIALS AND METHODS

Data sources and search strategy

Ovid software was used to search the Medline database
through February 1, 2007. Articles containing both a TTP-
related keyword in the title or available text (thrombotic
thrombocytopenic purpura, TTB, hemolytic-uremic syn-
drome, HUS, thrombotic thrombocytopenic purpura-
hemolytic uremic syndrome, TTP-HUS, thrombotic
microangiopathy, TMA, microangiopath, intravascular
hemolysis, plasma exchange, plasmapheresis) and a
cardiac-related keyword in the title or available text (chest
pain, angina, troponin, cardiac enzymes, creatinine
kinase, echocardiogram, echo, myocardial infarction, MI,
myocardial necrosis, heart failure, CHF cardiogenic
shock, sudden cardiac death) were retrieved. Retrieved
articles were limited to English language. Bibliographies of
retrieved articles were searched to identify additional rel-
evant articles.

Article selection

Articles were selected if they contained original data on at
least one patient described as having TTP, HUS, or throm-
botic microangiopathy who was also described as having
at least one of the following cardiac-related abnormalities
or assessments: 1) cardiac symptoms, including chest
pain, angina, dyspnea, orthopnea, or syncope; 2) cardiac
testing including electrocardiogram, echocardiogram,
coronary angiography, or measurement of cardiac-related
serum enzymes (articles with both positive or negative
results of the tests were selected); or 3) cardiac events
defined as myocardial infarction, congestive heart failure,
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shock, arrhythmia, and sudden cardiac death. Autopsy
data were analyzed only in patients selected because they
had cardiac symptoms, testing, or events.

Patient selection

The goal of our review was to focus on patients with idio-
pathic TTP because their disease is the result of systemic
microvascular thrombosis and they continue to have sig-
nificant mortality and morbidity in spite of the current
therapy with plasma exchange and immunosuppressive
treatment.>%?° Children 10 years old or younger were
excluded from our analysis because they typically have
a prodrome of diarrhea caused by Escherichia coli
0157:H7, systemic microvascular thrombosis is uncom-
mon, and their mortality is low.?"? Patients more than
10 years of age whose syndrome was associated with
E. coli O157:H7 were also excluded. Patients who had a
syndrome described as TTP or HUS that was associated
with other conditions, such as systemic malignancy,®
hematopoietic stem cell transplantation,? toxicity from
cancer chemotherapy or immunosuppressive agents,
immune-mediated drug reactions, and chronic systemic
autoimmune disorders® were excluded because the
course of their illness is determined by their primary dis-
order.® Patients with TTP that occurred during pregnancy
or postpartum were included because these conditions
are often a risk factor for TTP that may be described as
idiopathic.?® Because the clinical history and associated
conditions were often incompletely described, patients
were included in our analysis if they had a diagnosis of
TTP without further description. Article and patient
selection and data extraction were performed indepen-
dently by three of the authors (B.M.H., M.A.E, and
J.N.G)).

RESULTS

Article and patient characteristics

Thirty of 292 retrieved articles reported cardiac abnor-
malities in 111 patients who may be described as having
idiopathic TTP (Fig. 1). Of the 30 included articles, 16 were
reports of single patients."?”*! Four additional articles
were reports of two or three selected patients.*>*> For
analysis related to study type, these 4 articles were char-
acterized as case reports and analyzed together with the
16 reports of single patients. Plasma ADAMTS13 (a disin-
tegrin and metalloprotease with thrombospondin-1-like
repeats) activity, an important factor in the pathogenesis
of idiopathic TTB® was described in two patients. In
one, activity was described as absent with an inhibitor
present;* in the other patient, ADAMTS13 activity was
reported to be 13 percent at the time of a previous episode
of TTP* Only 11 (41%) of the 27 patients in these 20 case
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Electrocardiograms
Electrocardiograms (EKGs) were

described in 79 patients in 23 arti-
Cles 1-3,27-29,31-38,40,42-45,47,48,52,53 In 1 al‘tiCle

292 articles 262 articles
identified by | excluded; no
search »| cardiac data
strategy or eligible
patients
A\ 4
30 articles

111 patients

v

32 patients had EKGs but the frequency
of abnormal EKGs among the patients
was not described;* in the other 47
patients the EKGs were described as
abnormal in all but one.? The most
common abnormalities were sinus
tachycardia (n=16)3283238424748 QT

Cardiac symptoms Cardiac testing Cardiac events Follow-up segment elevation (n=8) ,3'323537'33'4“45'53
after cardiac .

13 articles 23 articles 21 articles . cvent and nonspecific ~ ST-T  changes
24 patients 86 patients 47 patients _ 3,34,44,47 _
152 tests 67 events 5 articles (n _'7) : . Oth.er EKG Changes . sug

6 patients gestive of ischemia were reported in an

additional 6 patients.?2931:364853 1 egg

v common abnormalities included ST

Autopsy data segment depression (n=1)* and sinus

: _ 9) 3547 : _
24 articles bradycardia (n=2). Atrial or sup

51 patients raventricular  tachycardia (n=1),*

atrioventricular dissociation or com-

Fig. 1. Outline of articles identified and the articles and patients selected for plete heart block (n = 2),***” and escape

analysis. rhythm (m=1) were described in 2

reports were treated with plasma exchange; 22 (81%) died.
The case reports are described in Table 1.

Nine articles were retrospective cohort studies®>46-5
and one article was a prospective cohort study.® These
studies described 398 total patients with TTP or HUS
(6-220 total patients per article). Only 84 (22%) patients
(1-32 patients per article, median 3 patients per article),
however, were eligible for our analysis, because they
appeared to have idiopathic TTP and they also had cardiac
symptoms, testing, or abnormalities. ADAMTS13 activity
was not described in any of the patients. Fifty-two (62%) of
the 84 patients were treated with plasma exchange. Mor-
tality could be assessed in 74 patients; 35 (47%) died.
These 10 cohort studies are described in Table 2.

Table 3 documents the numbers of patients from
articles of each study type reporting cardiac symp-
toms, testing, events, follow-up, and autopsies. Table 4
describes the reported cardiac symptoms and events.

Cardiac symptoms

Cardiac symptoms were reported in 24 patients in 13
articles.?31384547.4953 Thirteen patients in 11 articles had
symptoms described as chest or substernal pain or
angina >31-353845474953 Tepy patients in 2 articles had symp-
toms consistent with congestive heart failure.***” One
patient had syncope attributed to a cardiac origin.*

Cardiac testing
Cardiac testing was reported in 86 patients in 23 articles.
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articles.*?

Echocardiograms

Thirteen patients in 9 articles had echocardio-
grams;>33436-38:434553 1 patient was reported to be normal.*”
Five patients had wall motion abnormalities including
hypokinetic or akinetic segments.?*343455 Reduced left
ventricular ejection fraction or dysfunction was described
in 8 patients.**%445 Pericardial effusions were reported in
4 patients®*3%4453 and cardiac tamponade was reported in
1 patient.®

Coronary angiography

Coronary angiography was reported for 2 patients.*®** One
angiogram demonstrated normal coronary arteries but
generalized left ventricular hypokinesis and apical dyski-
nesis** and one demonstrated normal epicardial coronar-
ies but slow flow suggestive of small vessel disease.®

Cardiac enzymes

Twenty-six of 55 assessments of cardiac enzymes in 12
articles were abnormal.3!-3537:38404547.5253  Tywenty-two
patients had elevated troponins but no information
on creatine kinase or creatine kinase-MB frac-
tions.343537:40455253  Three abnormal tests were only
elevated creatine kinase-MB fractions,***** whereas an
additional 2 patients had elevated creatine kinase
MB-fractions and also elevated troponin.?*3% One patient
was reported to have abnormal cardiac enzyme levels but
no further details were given.*! Only two studies provided
information on the frequency of cardiac enzyme abnor-
malities. McCarthy and coworkers® prospectively
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TABLE 3. Numbers of articles and patients with TTP with reports of
cardiac symptoms, testing, events, and follow-up

tion3*3%3738404553 gnd 1 patient had a
non-ST elevation myocardial infarc-

Clinical data on cardiac involvement*

tion.* The type of myocardial infarction

was not described in the remaining 18

Study type Symptoms Testing Events Follow-upt Autopsies R 31.3334.52.53 K

Case reports (20) 99  22(17) 22(16) 22 (17) | Patlents. Half of the 26 patients
Prospective cohort (1) 1(1) 10 (1) 3(1) 0 with acute myocardial infarction were
Retrospective cohorts (9) 14 (3) 54 (5) 22 (4) 29 (7) reported in one study: 13 of 32 (41%)
Total (30) 24 (13) 86 (23) 47 (21) 51 (24) patients in a retrospective cohort

* Data are reported as number of patients (number of articles).

was described in 48 of the 51 patients.

1 Sixteen patients who had cardiac events and survived were eligible for follow-up.
Autopsies were reported for 51 (93%) of the 55 patients who died; cardiac involvement

study.** In this study, patients who
developed myocardial infarction had
the same frequency of cardiac risk

TABLE 4. Cardiac symptoms and events in
patients with TTP

Cardiac symptoms*

Total patients reported with cardiac symptoms* 24
Angina 13
Congestive heart failure 10
Syncope 1

Cardiac eventst

Total cardiac events reported 67

Myocardial infarction (MI) 26
ST segment elevation MI 7
Non-ST segment elevation Ml 1
MI, unspecified 18

Congestive heart failure 17

Arrhythmia 10

Complete heart block/electromechanical dissociation
Supraventricular tachycardia
Atrial-ventricular junctional tachycardia
Ventricular arrhythmia
Cardiogenic shock
Sudden cardiac death

0o = —=NOo

* Number of patients.
1 Number of events.

documented increased serum troponin I levels in 3 of 10
consecutive patients.” Serum troponin was measured at
the time of the first plasma exchange treatment; the
relation to cardiac symptoms was not reported; 8 of 10
patients had only a single troponinI measurement.>
Patschan and colleagues® retrospectively documented
increased serum troponin I levels greater than 1 ng per
mL in 13 of 32 (41%) consecutive patients. The frequency
and timing of troponin measurements in relation to the
onset of symptoms was not reported, but it was stated that
the occurrence of acute myocardial infarctions was 2 to
11 days after presentation with TTP? No studies reported
measurements of B-natriuretic peptide.

Cardiac events

Forty-seven patients with TTP were described with a total
of 67 cardiac events; 31 (66%) of these patients died.
Table 4 summarizes the major cardiac events.
Myocardial infarction was reported in 26 patients.
Seven patients had ST-elevation myocardial infarc-
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factors (diabetes, hypercholesterolemia,
hypertension, and smoking) as pa-
tients without myocardial infarction.*
Patients with myocardial infarction had lower platelet
counts and higher serum LDH levels, suggesting greater
severity of TTP* Six (46%) of the 13 patients with myocar-
dial infarction died.*

Congestive heart failure was reported in 17
patients;3*4344465051 1() of these patients were reported in
one retrospective cohort study.* In this study, heart failure
was recognized on average 8 days after the diagnosis of
TTP; it was suggested that mortality among patients with
heart failure may be greater than in patients without
heart failure.”

Arrhythmias were described in 10 patients. Arrhyth-
mias described as complete heart block or electrome-
chanical dissociation were the most commonly reported
arrhythmias, described in six patients.’23442-4447 Two
patients had supraventricular tachycardias,*** one
patient had an atrial-ventricular junctional tachycardia,*
and one patient had a ventricular arrhythmia.** Some of
these arrhythmias may have been detected by telemetry,
because they were not reported as abnormalities docu-
mented by EKG. Cardiogenic shock was reported in six
patients®*40454653 and sudden cardiac death was reported
in eight patients.3%4143.46.49,50

Follow-up after cardiac events

Follow-up information was provided for 6 of the 16
patients who experienced a cardiac event and survived;
the duration of follow-up was 10 days to 2 years (median,
7 weeks).3336444653 - Four patients were described as
normal, although no cardiac testing was described;3*364653
in 1 patient complete recovery was documented by a
normal echocardiogram.* One patient was described as
having residual apical dyskinesis with radionuclide
angiography.**

Autopsy data

Autopsies were reported for 51 patients; in 3 patients
pathologic-histologic examination of the heart was not
described, and myocardial involvement was described in



all of the other 48 patients. The most common abnormali-
ties were thrombi in arterioles and capillaries, described
in 43 patients.!/»?728303234353841-4547-50 Tpy 32 patients myo-
cardial hemorrhage was described.?-32353841-454749 Tyyenty-
two patients had evidence of recent myocardial infarction
Or necrosis.??728323438-4042454748  Thirteen patients had
involvement of the cardiac conduction system by hem-
orrhage or microvascular thrombi.**4"4950 Marantic
endocarditis was described in 7 patients.>?7293443.47

DISCUSSION

Although autopsy studies have demonstrated that the
heart is among the most frequently involved organs in
patients with TTB?>**" clinical evidence for cardiac
involvement is surprisingly limited. Our search for all
reported patients who had cardiac symptoms, testing, or
abnormalities associated with idiopathic TTP identified
only 30 articles describing 111 patients; 16 of these articles
described only 1 patient each. Ten cohort studies were
identified, one of which was a prospective study of 10
consecutive patients evaluated for cardiac ischemia, but
this study had very limited clinical data (Table 2).® The
most important article was the retrospective cohort study
by Patschan and colleagues® that evaluated 74 consecu-
tive patients for evidence of myocardial infarction; 32
patients were described as having idiopathic TTP and 13
(41%) of these patients had evidence for myocardial inf-
arction. This observation® suggests that critical cardiac
involvement in patients with TTP is more common than
currently recognized and previously reported.

Frequency and clinical importance of

cardiac involvement

Cardiac symptoms have been rarely reported during acute
episodes of TTP. The low frequency of reported cardiac
symptoms in patients with TTP may be attributed to
several factors. The pentad of clinical features originally
described by Amorosi and Ultmann? emphasized neuro-
logic and renal involvement and subsequent case series
have commonly focused on these abnormalities. The
common symptoms of dyspnea and weakness may be
attributed to anemia rather than heart failure. Cardiac
symptoms may also be overlooked because many patients
are young, without cardiac risk factors.

There are limited data on the frequency of cardiac
events in TTP. In the study of Patschan and coworkers,*
acute myocardial infarction was documented in 13 (41%)
of 32 patients by symptoms, EKG abnormalities, and
increased serum levels of troponin I. Myocardial infarc-
tions were diagnosed 2 to 11 days after the patients pre-
sented and plasma exchange was initiated. Six (46%) of the
13 patients with myocardial infarction died.®> McCarthy
and colleagues® identified elevated levels of troponin I in

CARDIAC INVOLVEMENT IN TTP

3 0f 10 (30%) prospectively studied patients with TTB> but
these measurements were only made before beginning
plasma exchange in 8 patients and therefore subsequent
ischemia may not have been identified. All 3 patients with
elevated serum troponin levels survived.”® These two
studies suggest that routine cardiac enzyme screening in
all patients with TTP is important to document the fre-
quency of cardiac ischemia. Screening should continue
beyond the initial presentation with TTP since myocardial
infarction may not be detected until several days into the
disease course.” In the 2 patients who were reported to
have coronary angiography, epicardial coronary arteries
were normal, suggesting that microvascular thombi were
the etiology of ischemia.®®* This is consistent with the
pathologic pattern of cardiac involvement in TTP and
also similar to other disorders of microvascular cardiac
disease.™

Heart failure may also be a common cardiac manifes-
tation of TTP. Gami and coworkers® identified 10 patients
with acute heart failure in 122 patients with idiopathic
TTP using cardiac ultrasound and clinical criteria. Similar
to myocardial infarction, congestive heart failure may only
be recognized several days after the diagnosis of TTP and
may be associated with increased mortality.”!

Cardiac arrhythmias have only been described in case
reports and their frequency cannot be estimated. No
studies described the systematic use of telemetry.

Persistent cardiac dysfunction

We have previously documented that patients have both
cognitive and physical limitations following recovery from
TTP>%6 and persistent cardiac abnormalities may contrib-
ute to these symptoms. Follow-up evaluations of patients
who have had cardiac events, however, have been
reported in few patients and only for brief durations.®'*
Therefore, it remains unknown whether cardiac involve-
ment may be responsible for symptoms of decreased
endurance reported by some patients following recovery
from TTP>®

Therapy for cardiac dysfunction

Whether targeted therapy for TTP patients with cardiac
events may improve outcomes is unknown; we identified
no information addressing this issue. Thrombocytopenia
may limit the ability to perform some cardiac interven-
tions, but noninvasive measures may be appropriate. For
example, complete heart block was reported in three
patients. Telemetry, not currently routine for patients with
TTP, could immediately identify complete heart block,
resulting in pacemaker placement to avoid sudden
death. Early initiation of long-acting beta-blockers and
renin-angiotensin-aldosterone system blockers in acute
myocardial infarction with associated left ventricular
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dysfunction improves mortality in -
. L. I * Assess for cardiac
non-TTP patients;* similar benefit may symptoms R « No further evaluation
. . . . . * EKG » ¢ Continued cardiac
occur in TTP patients with ischemic ~ Aeate TTP | L 00" N monitoring
cardiac events. * Serial cardiac o abnormalities pr
enzymes
Abnormalities v
. . present
StUdy limitations Repeat initial ¢ Delayed presentation
. . . A4 evaluation of symptoms or
Our systematic review has Important * Specialist abnormalities, or
limitations. Biased selection of reported consultation recurrence
i . . . *Echocardiogram
patients was likely in almost all articles, «Consider targeted
reflected by the rare reports of normal cardiac therapy
cardiac tests. We accepted the accuracy
. . —— \4
of the diagnosis of TTP, although data
. . . * Screen for symptoms
were incomplete in most patients. Our T"l;zlﬁevf_‘::;ed of persistent e
effort to select patients with idiopathic dysfunction
. ¢ Consider repeat
TTP, rather than patients whose syn- 3 echocardiogram

drome may have been associated with
drug toxicity, malignancy, or a systemic
autoimmune disorder, was often
unclear because of limited clinical data.
ADAMTSI13 activity was not reported in
any of the cohort studies; only two patients among the
case reports had ADAMTSI13 activity described, and both
were deficient.’®*® Many of the patient descriptions were
from the era before effective treatment with plasma
exchange, making some observations less relevant to
current practice.

None of the four questions that formed the basis for
our review were answered satisfactorily. The frequency of
cardiac abnormalities, the contribution of cardiac abnor-
malities to mortality and morbidity, and the potential role
for targeted cardiac treatment could not be determined
from published reports.

Conclusions and recommendations

Few studies have investigated cardiac involvement in TTP,
but the limited data suggest that cardiac involvement may
be a common and important cause of continuing mortal-
ity. Cardiac dysfunction may persist in TTP survivors,
though its potential impact on health and quality of
life remains to be determined. We anticipate that better
screening for cardiac involvement, both systematic evalu-
ation for cardiac symptoms and sensitive cardiac testing,
will identify a high frequency of cardiac abnormalities in
patients with TTP. Confirmation of this hypothesis will
require prospective studies of consecutive patients with
long-term follow-up using current diagnostic methods
to diagnose TTP® and possible cardiac abnormalities to
define the incidence of cardiac involvement, to determine
if targeted cardiac therapy improves survival, and to assess
whether cardiac dysfunction may be persistent following
recovery.

In the absence of clear evidence for cardiac involve-
ment, we recommend that all patients who present with
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Fig. 2. A proposed algorithm for evaluation and management of possible cardiac
involvement in patients with TTP.

TTP be screened with a focused cardiac history, electro-
cardiogram, and serial cardiac enzymes and monitored
with telemetry (Fig. 2). Echocardiography, consultation
with a cardiologist, and targeted cardiac therapy should be
considered if any abnormalities are identified.
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