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Abstract

Thrombotic thrombocytopenic purpura (TTP) is a multisystem disorder that
essentially can affect any organ in the human body. The hallmark of the
pathogenesis in TTP is the large von Willebrand factor multimers on platelet-
mediated micro-thrombi formation, leading to microvascular thrombosis.
Autopsy studies showed that cardiac arrest and myocardial infarction are the
most common immediate causes of death in these patients. Clinical
manifestations of cardiac involvement in TTP vary dramatically, from
asymptomatic elevation of cardiac biomarkers, to heart failure, MI and sudden
cardiac death. There is limited knowledge about optimal cardiac evaluation and
management in patients with TTP. The absence of typical cardiac symptoms,
combined with complicated multi-organ involvement in TTP, may contribute to
the under-utilization of cardiac evaluation and treatment. Prompt diagnosis and
timely initiation of effective therapy could be critically important in selected
cases. Based on our experience and this review of the literature, we developed
several recommendations for focused cardiac evaluation for patients with acute
TTP: (1) patients with suspected or confirmed TTP should be screened for the
potential presence of cardiac involvement with detailed history and physical,
electrocardiogram and cardiac enzymes; (2) clinical deterioration of TTP patients
warrants immediate cardiac reevaluation; (3) TTP patients with clinical evidence
of cardiac involvement should be monitored for telemetry, cardiac biomarkers
and evaluated with transthoracic echocardiography. These patients require
urgent targeted TTP treatment as well as cardiac-specific treatment. Aspirin
therapy is indicated for all TTP patients. Since epicardial coronary artery
involvement is rare, cardiac catheterization is usually not required, given the
high risk for hemorrhage and kidney injury; (4) we recommend evidence-based
medical therapy for ischemic symptoms and heart failure. TTP patients with
evidence of cardiac involvement would also benefit from routine cardiology
follow up during remission.
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Core tip: Thrombotic thrombocytopenic purpura (TTP) is a grave medical condition
caused by the formation of von Willebrand factor multimers that cause large platelet
plugs and diffuse microemboli, leading to life-threatening, multi-organ ischemic injuries.
Although cardiac involvement commonly occurs related to TTP, these cardiac
manifestations have not been well studied and may thus be overlooked in clinical
practice. Management of cardiac ischemia or myocardial infarction in TTP is also
challenging due to increased hemorrhagic risk in the setting of thrombocytopenia. In this
report, we systematically review available clinical data in the literature and summarize
clinical manifestation, diagnostic workup strategies, prognosis, and the outcomes of
cardiac involvement of TTP. We provide recommendations on the strategies for clinical
assessment and management of TTP patients with cardiac involvement.

Wiernek SL, Jiang B, Gustafson GM, Dai X. Cardiac implications of thrombotic
thrombocytopenic purpura. World | Cardiol 2018; 10(12): 254-266
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INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is characterized by the concomitant
occurrence of severe thrombocytopenia, microangiopathic hemolytic anemia
(MAHA), and a variable degree of ischemic end organ damage. The pathophysiology
is elicited by microthrombi forming in the arterioles and capillaries of multiple organs
throughout the body. These thrombi are caused by systemic platelet activation and
aggregation due to a failure of degradation of unfolded high molecular weight large
von Willebrand factor (VWF). These microthrombi deposit systemically and cause
widespread organ dysfunction, including pancreas, adrenals, heart, brain, and
kidneys. As a result, the patient may present with acute kidney injury, stroke, seizure,
or myocardial infarction (MI)["?l. The cardiac manifestations of TTP can be variable,
ranging from silent arterial thrombosis and accelerated hypertension, to acute MI
(AMLI), atrial fibrillation, and congestive heart failure (CHF). In addition, these platelet
and coagulation abnormalities can also be seen in cyanotic congenital heart disease.

PATHOPHYSIOLOGY AND CLINICAL MANIFESTATIONS OF
TTP

The center of TTP pathophysiology is a defect of a disintegrin and metalloproteinase
with a thrombospondin type 1 motif member 13 (ADAMTS13), either genetically or
by the development of an autoantibody. ADAMTS13, also known as vIWF-cleaving
protease, is a zinc-containing metalloprotease enzyme that cleaves vWF. ADAMTS13
is a 1,427 amino acid protein that is expressed predominately in hepatic stellate cells,
podocytes, renal tubular epithelial cells, platelets, and endothelial cells!". vWF is
synthesized by megakaryocytes and endothelial cells, and is stored in the form of
ultra-large multimers in granules of platelets, Weibel-Palade bodies of endothelial
cells, and subendothelial connective tissue. ADAMTS13 cleaves a single peptide bond
(Tyr1605-Met1606) located within the central vWF A2 domain. The proteolysis
process reduces vVWF multimer size and, consequently, its hemostatic function*l.
Lack or loss of ADAMTS13 function results in increased circulating vVWF multimers,
which leads to platelet adhesion to the endothelium, platelet activation, and
ultimately the formation of a platelet plug.

Depending on the mechanisms of ADAMTS13 inhibition, TTP is divided into 1) an
acquired form, which arises from autoantibody-mediated ADAMTS13 inhibition, and
2) a relatively rare inherited form, which results from an autosomal recessive gene
mutation causing innate ADAMTS13 dysfunction. As microthrombi form, especially
where arterioles and capillaries meet, end organ ischemia and injury occur due to
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vascular obstructions caused by the microthrombi. In addition, the circulating red
blood cells are subjected to increased shear stress, which damages their membranes,
leading to schistocyte formation and anemia.

Clinically, TTP can be manifested systemically due to the involvement of multiple
organs’l. The classic presentation of TTP includes the following pentad: fever, changes
in mental status, thrombocytopenia, reduced kidney function, and MAHA. MAHA
and thrombocytopenia are hallmarks of TTP, and the possibility of TTP should be
evaluated in any patients who present with these findings and who do not have an
apparent alternative explanation.

CLINICAL CARDIAC INVOLVEMENT OF TTP

Extensive cardiac involvement was reported in the first TTP patient in 1925. This
patient showed T wave inversions on the electrocardiogram (ECG) and extensive
thrombi in the terminal arterioles and capillaries of the heart, as confirmed by autopsy
examination!’l. Subsequently, the heart was found to be the most commonly affected
organ in TTP. Additional autopsy studies of deceased patients with TTP showed that
cardiac arrest and AMI are the most common immediate causes of death!”.

Clinical manifestations of cardiac involvement in TTP can vary dramatically, from
an asymptomatic elevation of cardiac biomarkers, to chest pain or heart failure
symptoms associated with ECG changes, elevation of cardiac enzymes, imaging
evidence of massive MI, cardiomyopathy, arrhythmia, or even sudden cardiac death
(SCD)-11,

Elevated cardiac troponin (cTn) was reported in 59% of patients with TTP upon
admission. However, the majority of this group was clinically silent from a cardiac
standpoint. ECG changes are common in TTP patients with elevated cardiac
enzymes!'”l. Hawkins et al’! performed extensive analysis of 111 patients with TTP and
reported the most common cardiac symptoms to be chest pain (11.7%), CHF (9.0%),
and syncope (0.9%). The most frequent cardiac events in those patients included MI
(23.4%), CHF (15.3%), arrhythmias (9.0%), cardiogenic shock (5.4%) and SCD (7.2%).
AMI in TTP can present as ST segment elevation MI (STEMI) or non-STEMI with or
without echocardiographic evidence of segmental wall motion abnormalities!''l.
Patients with AMI in the setting of TTP often developed arrhythmias such as atrial
fibrillation (25%), atrial flutter (13%), supraventricular tachycardia (13%) and CHF
(25%)1.

PATHOGENESIS AND AUTOPSY EVIDENCE OF CARDIAC
COMPLICATIONS IN TTP

In TTP, the large vWF multimers mediate platelet plugs and microthrombi formation.
Hyalinized arteriolar and microvascular microthrombosis in the coronary artery
circulation has been shown in most autopsy reports. Microthrombosis is the most
common finding of cardiac pathology in autopsies of deceased patients who suffered
from TTP (Table 1). Epicardial coronary arterial thrombosis is rare. Large epicardial
coronary arteries are commonly spared from thrombosis in TTP. However, recurrent
epicardial arterial thrombosis has been reported in one TTP patient who was treated
with thrombectomy, stent placement and dual antiplatelet therapy!l. The interaction
between vWF multimer-mediated thrombosis with existing vulnerable plaques in
concomitant atherosclerotic coronary artery disease (CAD) was postulated to induce
the arterial thrombosis!"“l. Thus, arterial/arteriolar thrombosis leads to myocardial
ischemia, infarction and necrosis. Thrombocytopenia and ischemia-induced damage
of vascular integrity subsequently leads to myocardial hemorrhage. These processes
not only lead to myocardial damage, but often cause dysfunction of the cardiac
conduction system. In addition, marantic endocarditis has been reported”''?. Also,
James et al"*! reported myocardial degeneration in atrial and ventricular myocardium
in TTP patients as a result of apoptosis.

PROGNOSTIC VALUE OF CARDIAC INVOLVEMENT IN TTP

Post-mortem studies clearly demonstrated a high incidence of cardiac involvement in
deceased TTP patients. Autopsy reports revealed almost all patients with TTP have
cardiac involvement, and the disease process mostly affects the microvasculature of
the heart. Cardiac complications directly cause death in TTP, particularly in acute
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Table 1 Cardiac involvement and pathology in autopsy studies of deceased patients with thrombotic thrombocytopenia purpura

Authors

Year

Descriptive comments of cardiac involvement and pathology

Microthrombi in

Total No. Epicardial

small vessel Hemorrhage
- - coronary . Other pathology
(arteriole/capillari petechiae
thrombus
es)
Moschcowitz!! 1925 1 1/1 0/1 n/r
Amorosi ef all*”} 1966 3 3/3 1/3 3/3 AV node
involvement 1/3
James et all*) 1966 3 3/3 0/3 3/3
Geisinger!"’] 1979 1 1/1 0/1 1/1
Ridolfi et all*] 1979 17 17/17 0/17 13/17 AV node and his
bundle involvement
7/17
Ross et all*”) 1987 1 1/1 0/1 1/1
Bowdler ef all”’! 1987 1 1/1 0/1 1/1
Siersema et al!] 1989 3 3/3 0/3 3/3 SA, AV node, His
bundle involvement
3/3
Bell et al™’] 1990 8 8/8 0/8 8/8 SA and AV node
involvement 2/3
Webb et all*’] 1990 1 1/1 0/1 1/1
Eagle et al®’] 1994 1 1/1 0/1 1/1
James et all] 1997 6 6/6 0/6 6/6 SA, AV nodes and
His bundle
involvement 6/6
Podolsky et all™] 1999 1 1/1 0/1 1/1 AV node
involvement 1/1
Wajima et al*°] 2000 1 1/1 0/1 1/1
Hosler et all™’] 2003 25 25/25 n/r n/r
Lapp et al”’! 2004 1 1/1 0/1 1/1
Brandenburg et 2004 1 1/1 0/1 1/1
al*!
Gami et al®”) 2005 3 3/3 n/r n/r
Ibernon et all”’] 2005 1 0/1 1/1 1/1
Arnold et all'] 2006 1 1/1 0/1 1/1
Patschan et all'"] 2006 4 4/4 0/4 2/4
Sarode et all®”) 2009 1 1/1 n/r n/r
George et all™’! 2012 1 1/1 n/r n/r
Nichols et all”} 2015 18 9/18 0/18 7/18
Summary 104 94/104 (90.4%) 2/74 (2.7%) 56/73 (76.7%)

AV: Atrioventricular; SA: Sinoatrial.
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myocardial necrosis as a result of extensive circulatory microthrombosis. AMI and
CHF are known independent risk factors for in-hospital mortality in patients with
TTPU*'". Elevated LDH and troponin at presentation were found to be independent
risk factors for MIl'". ¢Tn I above 2.5 ng/mL was found to independently predict
mortality and refractory TTP. Therefore, evidence of cardiac involvement in TTP
provides important prognostic value. A systematically structured approach to
monitor signs and evidence of cardiac involvement may be cost-effective.

CARDIAC EVALUATION OF TTP

There is limited knowledge about optimal cardiac evaluation for patients with TTP.
There are also large variations in clinical practice. Clinically, the majority of patients
with TTP present without any clinical symptoms of myocardial ischemia. The
traditional clinical pentad (fever, thrombocytopenia, microangiopathic anemia,
neurological symptoms and acute kidney injury) of TTP does not include cardiac
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symptoms. In current practice, cardiac evaluation is not part of routine initial
evaluation for patients with suspected or confirmed TTP. The lack of or atypical
cardiac symptoms in TTP may have contributed to the under-utilization of cardiac
evaluation and delay in diagnosis. However, increasing data suggest that the presence
of cardiac involvement in TTP strongly associates with an adverse outcome.
Therefore, timely recognition and appropriate monitoring of cardiac status in TTP
could be critically important in many cases. In recent decades, there have been
dramatic advancements in laboratory, telemetric, non-invasive and invasive
approaches of cardiac evaluation and therapeutics. The cost effectiveness and clinical
significance of cardiac evaluation and therapeutics in TTP are thus important topics of
discussion.

Cardiac biomarkers in TTP

Serial troponin-I or -T measurements are sensitive and specific biomarkers of
myocardial injury. The overall incidence of troponin positivity in the TTP population
has not been defined. However, multiple studies have shown that elevated troponin is
a reliable biomarker for cardiac involvement in TTP. Elevated level of ¢Tn upon
admission is a risk factor for death and TTP refraction!”). It seems reasonable to
recommend a routine troponin measurement when a diagnosis of TTP is suspected or
clinical deterioration is observed.

Telemetry monitoring in TTP

Considering the fact that there are consistent correlations between poor clinical
outcome and evidence of cardiac involvement in TTP, it would be reasonable to
monitor the patient on telemetry if cardiac involvement is suspected, i.e. positive
troponin, abnormal admission ECG, or echocardiographic evidence of
cardiomyopathy!‘l. The evidence of cardiac conduction system involvement in TTP
mandates telemetry monitoring. However, the cost-effectiveness of telemetry
monitoring of all troponin-positive TTP patients has not been determined.

Cardiac imaging assessment of cardiac structure and function in TTP

Transthoracic echocardiography (TTE) is the most commonly used imaging modality
to evaluate cardiac structure and function. In TTP patients with clinical symptom:s,
such as shortness of breath, palpitations, chest pain etc, that suggest ischemia, heart
failure, arrhythmia or hemodynamic/electrical instability, a TTE should be
performed!. TTE is also appropriate as an initial evaluation of cardiac structure and
function in TTP patients with clinical data suggesting cardiac involvement, such as
positive biomarkers (troponin, BNP efc), abnormal ECG and telemetry monitoring.
Currently, there is no data available documenting the utilization and outcomes of TTE
studies for TTP patients. The cost-effectiveness has also not been determined.
Transesophageal echocardiography (TEE) is often unnecessary and rarely
recommended for TTP patients, as thrombocytopenia is known to elevate the bleeding
risk. The benefit of imaging modalities, such as cardiac magnetic resonance imaging
(MRI), for assessing the impact of TTP on cardiac structure and function has not been
studied.

Ischemic workup in TTP

The hallmark of TTP pathogenesis is thrombus formation in the micro-circulation.
Occlusion of this micro-circulation, or less commonly of the epicardial coronary
circulation, directly causes myocardial ischemia. Clinical evidence of ischemic
symptoms, elevated troponin, or decreased myocardial contraction are all suggestive
of myocardial ischemia in TTP. However, methods that will reliably evaluate the
etiology of ischemia in these patients have not been adequately investigated. Non-
invasive imaging modalities, such as Doppler coronary artery blood flow velocity and
myocardial contrast echocardiography, are considered cost effective methods that
correspond well with invasive techniques, but they are used less frequently in routine
cardiology practice. Their role in patients with TTP has not been studied. Positron
emission tomography (PET) and cardiac MRI myocardial perfusion imaging studies
both measure rest and stress myocardial blood flow and enable coronary flow reserve
(CFR) quantification. Both modalities are well established for the detection of CAD-
related ischemia, and for the evaluation of microvascular disease. Both are sensitive in
detecting the heterogeneous distribution of microvascular defects, which may indicate
microvascular diseasel”. High resolution, ECG-gated cardiac computed tomography
(CT) angiography (CTA) enables non-invasive imaging of the epicardial coronary
arteries. Theoretically, CTA provides a reasonable approach to evaluate myocardial
ischemia and the involvement of epicardial coronary arteries in TTP without the
concern of bleeding risk associated with an invasive approach. However, its clinical
significance has not been studied in this patient group.
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In TTP, the high incidences of elevated cardiac enzymes and myocardial injury are
mostly driven by ischemia at the level of the microvasculature. There are a few
reports in the literature that describe using invasive coronary angiography to evaluate
coronary artery patency in TTP patients!'”). While the majority of TTP patients had no
obstructive disease in their epicardial arteries, there is a report of a patient with
angiographic documentation of epicardial artery occlusion in TTP*. However, other
TTP patients that presented with STEMI and cardiogenic shock were found to have
clean coronary arteries on angiograms, with the visible “slow flow” phenomenon/*!..
Therefore, diagnostic testing in this population should focus more on
microvasculature of the heart rather than the epicardial arteries, especially in patients
who recover from an acute episode and remain symptomatic from a cardiac
standpoint. ECG evidence of acute STEMI probably deserves evaluation of the large
epicardial arteries either by CTA or, more accurately, by invasive coronary
angiography with the associated increased risk of hemorrhage, renal insufficiency
and/or exacerbation of pre-existing anemia.

For the purpose of risk stratification and planning of both clinical treatment and
monitoring when TTP is diagnosed, cardiac involvement should be systematically
evaluated by ECG, cTn, and echocardiography. Patients with positive initial cardiac
workup should have an Echocardiogram done during initial hospitalization, as left
ventricular (LV) dysfunction has been reported in several publications”. A coronary
angiogram may be indicated if concomitant atherosclerotic CAD is suspected based
on risk profile and clinical features, but should be postponed if possible until the
patient recovers from the TTP episodel'.

TREATMENT FOR CARDIAC COMPLICATIONS IN TTP

Therapeutic plasma exchange (TPE) - removing circulating anti-ADAMTS13
antibodies - is the cornerstone of TTP treatment, which resulted in reduced mortality
from approximately 90% to 10%-20%. Immunosuppression with steroids or rituximab
appears to be efficacious for acquired TTP, resulting in autoantibody formation
against ADAMTS13. Experimental agents, such as recombinant ADAMTS13"" as a
specific protease supplement, and novel small molecules targeted on the vWF Gplba-
binding site on platelets are also promising therapies to further improve TTP
treatment. In refractory TTP, other therapeutic approaches are also common, such as
splenectomy, vincristine, cyclophosphamide, intravenous immunoglobulins,
cyclosporine A, azathioprine, and mycophenolate mofetil, although there is not
enough evidence yet to prove the efficacy of these treatment strategies. Platelet
transfusion is generally not indicated; however, some authors recommend transfusing
platelets in acute TTP episodes to decrease the risk of hemorrhage. As cardiac
involvement is an integrated pathological process in TTP, general therapeutic
strategies should also benefit the cardiac system.

Despite the recognition of the significant association between cardiac involvement
and adverse clinical outcome in TTP, targeted management approaches for cardiac
complications in TTP have not been well investigated. On the other hand, recent
decades have seen significant advancements in evidenced-based medical and
procedural treatments for acute coronary syndrome (ACS) and cardiomyopathy.
Anecdotal case reports have successfully applied all the available therapeutic tools
that have saved the lives of TTP patients with life-threatening cardiopulmonary
complications. These reports have documented successful primary percutaneous
coronary intervention (PCI) in the setting of ongoing STEMI with angiographic
evidence of epicardial coronary artery occlusions?””, thrombolytic therapy for massive
pulmonary embolism or STEMI in the setting of TTP**], extracorporeal membrane
oxygenation (ECMO) support for cardiogenic shock due to acute global ischemia
resulted from diffuse microthrombi, to subsequent heart transplantation after the
resolution of TTP®). Hemodynamic support and targeted treatment for cardiac
complications of TTP may provide the opportunity for TTP-targeted therapy to take
effect and eventually improve mortality, particularly in cases of severe TTP with
hemodynamically-compromising cardiac complications.

Treatment for ischemic injury

In general, the most common cause of acute ischemia injury to the myocardium is
ACS, as a result of an acute atherothrombotic event in the coronary arteries.
Antiplatelet and anticoagulation therapies aiming to terminate or reverse the
thrombotic process are the main strategy to ameliorate ongoing ischemia. In TTP,
thrombocytopenia with various degrees of microthrombosis is universal, and is
directly responsible for most of the cardiac complications, especially myocardial
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ischemia. Existing evidence suggests that the majority of these injuries are caused by
microthrombosis in the microvascular beds and rarely involve large epicardial
arteries. The safety and efficacy of antiplatelet and anticoagulation therapy in the
setting of TTP and ongoing myocardial ischemia is still a topic of debate.

In current practice, antiplatelet therapy is always considered in patients with TTP
to prevent microthrombi formation. Aspirin is generally recommended for TTP
patients as an antiplatelet agent. The effectiveness and safety of other antiplatelet
agents remains less certain. In a landmark study published by Rock et al*! comparing
plasma exchange with plasma effusion, all patients received dipyridamole (400 mg
daily) and aspirin (325 mg daily) for a period of at least 2 wk as a standard therapy.
Treatment and maintenance with both aspirin and dipyridamole is suggested by some
studies to prevent TTP relapsel*]. Patients receiving aspirin and dipyridamole during
the acute phase were noted to have lower mortality. In addition, ticlopidine
maintenance was shown to prevent relapses after 1 yearl””. Some authors even
suggest intravenous infusion of dipyridamole as an adjunctive therapy?!. However,
the mechanisms of thrombi formation in TTP may differ from atherothrombotic ACS.
Thus, aspirin with dipyridamole may not have the same beneficial effects in TTP as it
does for ACSP>*1 . Other P2Y12 receptor inhibitors, such as clopidogrel, prasugrel and
ticagrerol, have not been tested for treating acute cardiac involvement in TTP.
Furthermore, these thienopyridine derivatives (ticlopidine, clopidogrel, and
prasugrel) are known to possess the potential of inducing acquired TTPP.

Unfractionated heparin (UFH) or low molecular weight heparin (LMWH) products
have not been well studied in microvascular thrombi-induced myocardial injury in
TTP, nor have GPIIb/IIla inhibitors and direct thrombin inhibitors. Anticoagulation
remains the treatment of choice for other thromboembolic disorders like
antiphospholipid syndrome, cancer-associated thrombosis, and heparin-induced
thrombocytopenia. The risk of hemorrhage in the setting of thrombocytopenia in TTP
with its pathological microthrombi formation leads to the dilemma for
anticoagulation therapy.

In the setting of STEMI with potentially large epicardial artery occlusion, which
carries the highest risk of cardiac death, the decision of whether or not to use
aggressive antiplatelet and anticoagulation (with or without pursuing invasive
coronary angiography and intervention) must be decided on a case by case basis. The
clinical decision is made by weighing clinical risk and benefit in adjunction with TTP
therapy. There are reports of successful PCI for STEMI in TTP patients, as well as
successful use of thrombolysis therapy!**1. Should a TTP patient undergo a primary
PClI for epicardial coronary artery occlusion, the patient is probably a better candidate
for bare metal stents than for drug eluting stents, so as to reduce the required dual
antiplatelet therapy duration. Due to thrombocytopenia in TTP and platelet
dysfunction, the risk of bleeding during procedural treatments (diagnostic cardiac
catheterization and PCI, pacemaker placement etc) for TTP patients is high. However,
the threshold of platelet counts for these procedures is not defined. Physicians will
need to assess on a case-by-case basis.

Treatment of microvascular disease remains a challenge, and not much data is
available on this topic. Potentially beneficial treatments of microvascular disease in
patients without TTP are beta blockers, non-dihydropyridine calcium channel
blockers, nitrates, angiotensin converting enzyme inhibitors, and statins. But clinical
evidence is lacking in TTP patients.

Statins have an established role in lowering cholesterol and reducing
cardiovascular mortality in the general population. Statins help with the remodeling
of coronary vessels, plaque stabilization, and the improvement of the perfusion of
myocardial muscle. There are also other benefits observed with statins, including anti-
inflammatory function and improvement in endothelial function. Statins could be
beneficial in the TTP cohort of patients, as they have been shown to be an inhibitor of
regulated vWF secretion in human umbilical vein endothelial cellsl. These
pleiotropic effects of statins have been shown to be beneficial in patients with
coronary microvascular dysfunction, and have a potential role in the treatment of
microvascular disease related to TTP. A recent study showed that Simvastatin can
increase the expression of ADAMTS13 in podocytest™. Statins are safe in the majority
of cases, but statin-induced TTP has also been reported”**l. There is a paucity of data
on the use of statins in TTP patients.

Treatment for heart failure and cardiomyopathy

Heart failure symptoms are relatively common in TTP presentation during the
hospital course. With the common involvement of kidney injury, potentially
significant volume changes during TPE, and ischemic injury of myocardium with
potential decrease of contractile function, volume overload and pulmonary congestion
may occur. Therefore, it is critical to have close clinical monitoring and to treat
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decompensated heart failure with both intravenous diuretics and vasodilatory agents
for afterload reduction with or without inotropic support. Hemodynamic support
may also be indicated in critically ill TTP patients with cardiac complications.

B-adrenergic receptor blockers: B-blockers are proven beneficial for cardiomyopathy
and ischemic heart disease at the epicardial and the microcirculation level™!. -
blockers are indicated for patients with myocardial injury and decreased LV ejection
fraction (LVEF). Although there are no direct large-scale clinical studies on the use of
B-blockers in TTP patients, they intuitively should be used for TTP patients with
evidence of cardiac involvement. Published reports show complete recovery of TTP-
related ischemic cardiomyopathy with regimens that include B-blockers!’l. -blockers
and calcium channel blockers are commonly used to treat angina symptoms in
patients with coronary microvascular dysfunction. Additionally, p-blockers like
Nebivolol have been shown to improve endothelial function, which may help patients
with TTPM,

Calcium channel blockers: Calcium channel blockers are commonly used in the
treatment of microvascular dysfunction. Reported anti-atherogenic and
antithrombotic properties of calcium channel blockers might have significant benefits
in TTP treatment”, however their efficacy in these patients has not been established.

Angiotensin-converting enzyme inhibitor/angiotensin receptor blockers: Inhibitors
of the renin-angiotensin system have a well-documented role in patients post-MI with
decreased LVEF. Angiotensin-converting enzyme inhibitor (ACEi) and angiotensin
receptor blockers (ARB) have been shown to be effective in the treatment of
endothelial dysfunction and in the improvement of CFR. ARB is usually the choice
when patients are unable to tolerate ACEi. Patients who are not candidates for either
could benefit from a nitrate-hydralazine combination or Spironolactone. The addition
of spironolactone was found particularly beneficial in patients with microvascular
disease and diabetes. While these agents have been confirmed by large clinical trials
to be beneficial in treating heart failure, cardiomyopathy, endothelial dysfunction and
microcirculation dysfunction, which are all common in TTP patients, there is no data
on the use or efficacy of ACEi/ ARB in TTP patients.

Treatment of cardiac conduction system complication

For cardiac conduction system complications, i.e., heart block, or arrhythmia,
dedicated therapy will be indicated. Temporary transvenous pacemakers may be
necessary for a hemodynamically significant heart block. Anti-arrhythmic agents may
also be indicated for tachyarrhythmias with or without cardioversion, depending on
clinical status. There are no long-term follow up data on cardiac conduction
complications in TTP patients.

FOLLOW UP CARDIAC CARE OF TTP

With the advancement in understanding of the pathophysiology of TTP, as well as
effective therapeutic strategies, the lethality of TTP has decreased. Its overall mortality
has been reduced from 90% to 10%-20%. However, long-term follow up of TTP
survivors showed their increased mortality over time when compared to the general
population. Speculated causes include ADAMTS13 deficiency as a risk factor for
cardiovascular disease, as well as ischemia from microvascular thrombosis, causing
end organ damage over time. There are cases suggesting cardiac and renal
complications to be responsible for suboptimal long-term outcomes in these patients.
Therefore, routine cardiology follow up after recovery from acute TTP seems
reasonable, especially for the patients with cardiac involvement during the acute
phase. However, data are not available at this time to show the long-term cardiac
implications of TTP and the significance of follow up cardiology care of TTP.

Ischemic workup and treatment

Considering the common occurrence of renal insufficiency and increased hemorrhagic
risk during acute TTP, CAD status in the setting of ischemic injury during TTP is not
often investigated. After recovery of acute TTP, ischemic workup should be
performed with either a non-invasive stress test with myocardial perfusion imaging,
or cardiac catheterization for patients with high pre-test probability of severe CAD..
Coronary CT angiography is also an option for defining the coronary anatomy.
Exclusion of epicardial CAD and confirmation of microvascular disease may be
helpful in the management of patients with chronic ischemic symptoms. Indeed,
multiple reports showed adverse outcomes related to coronary microvascular
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dysfunction*”l. A recent report showed that microvascular disease is directly related
to increased mortality when compared to the general populationt*!. However, despite
the evidence of cardiac microvascular involvement in TTP, the long-term CAD risk for
TTP survivors in comparison to the general population is unknown.

Other medications like ranolazine, ivabradine, amitriptyline, imipramine, or
nortriptyline were found to be beneficial in the treatment of angina in coronary
microvascular dysfunction, but their role in the TTP cohort is unknown. They could
be considered for treatment of TTP patients who remain symptomatic with angina
after recovery from an acute episode.

Cardiomyopathy follow up

TTP patients with evidence of ischemic injury and decreased LV function during the
acute phase should be followed by cardiology as outpatients. It is reasonable to
recommend evidence-based, guideline-directed medical therapy for cardiomyopathy
with -blockers, ACEi/ ARB and other indicated agents. It is also reasonable to follow
up on the recovery of EF. The long-term follow up on the trajectory of LV contractile
function in TTP patients has not been established, although existing reports seem to
suggest a favorable outcome commonly with full LVEF recovery. The risk of sudden
cardiac death in TTP patients with severely reduced EF is unknown. The potential
need for a permanent pacemaker for conduction system complications and an
implantable cardioverter-defibrillator (ICD) for primary prevention of sudden cardiac
death of patients with TTP is unclear.

CONCLUSION

Cardiac involvement in TTP is common. The presence of cardiac involvement is
associated with adverse clinical outcomes in TTP patients. Contemporary diagnostic
and therapeutic approaches provide the opportunity to improve clinical management
of the cardiac complications related to TTP. Based on the above review of the
literature and our own experience, we propose the following recommendations to
clinicians managing TTP patients (Figure 1), in addition to the TTP routine workup
and treatment. (1) All patients with suspected or confirmed TTP diagnosis should be
screened for the potential presence of cardiac involvement by clinical
symptoms/signs, ECG and cTn. (2) Any clinical deterioration of TTP patients with
initial negative cardiac involvement warrants reassessment for the potential
development of cardiac complications. (3) TTP patients with a positive screen or
subsequent assessment of cardiac involvement should be monitored on telemetry,
have cardiac biomarkers monitored as an indicator of disease progression, have TTE
performed to assess cardiac structure and function, and have enhanced TTP-targeted
treatment for disease control. (4) Aspirin therapy is indicated for all TTP patients. (5)
Consider other targeted therapies (UFH, LMWH, low dose thrombolytics etc) for
obstructive microthrombosis-related ischemia, with a balanced consideration of risk
for hemorrhagic complications. (6) Apply evidence-based medical therapy for
ischemia and cardiomyopathy, including diuretics, 3-blockers, ACEi/ ARB, statins, etc.
(7) Treatment of arrhythmias and conduction abnormalities according to current
guidelines. And (8) cardiology follow up and further evaluation as indicated after the
acute phase of TTP.

Due to the lack of evidence from large clinical studies, the management of cardiac
complications in TTP is largely based on the cohort data, experience and expert
opinions. Future clinical studies on these topics are urgently needed. A multiple
center prospective registry of TTP with a focus on cardiac implications and
management is necessary to gather the evidence to better assess the clinical cost-
effectiveness of these approaches.
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Cardiac symptoms <:| Clinical deterioration
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Associated with adverse outcome, indicated for:
Enhanced TTP therapy and monitoring

2

Consider:

Statin therapy
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Hemodynamic support
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Advanced cardiac support (Impella, LVAD, ECMO)

Figure 1 Recommendations on clinical assessment and management of cardiac involvement of thrombotic thrombocytopenia purpura. All patients with a
diagnosis of thrombotic thrombocytopenia purpura (TTP) should be given low dose aspirin daily and screened for cardiac involvement by clinical cardiac symptoms,
cardiac biomarkers (cardiac troponin, B-type natriuretic peptide etc) and electrocardiogram. Positive screen of cardiac involvement of TTP predicts adverse outcome,
requiring further evaluation and treatment as recommended above. TTP: Thrombotic thrombocytopenia purpura; cTn, Cardiac troponin; BNP: B-type natriuretic
peptide; ECG: Electrocardiogram; ACEi: Angiotensin converting enzyme inhibitors; ARB: Angiotensin receptor blockers; LVAD: Left ventricular assist device; ECMO:

Extracorporeal membrane oxygenation.
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