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ABSTRACT

Hematological conditions can lead to serious disturbances in blood rheology, being frequently
associated with increased systemic inflammation and increased risk of bleeding. The im-
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balance between coagulation and thrombolytic factors in patients with acute coronary syn-
dromes may lead to undesirable outcomes, and the success of emergency coronary angio-

plasty or by-pass grafting may be altered by increased bleeding in coagulopathies such as

CORRESPONDENCE

hemophilia. This paper intends to review the present knowledge in the field of acute coro-

nary syndromes in subjects with hematological and onco-hematological disorders such as
thrombotic thrombocytopenic purpura, immune thrombocytopenic purpura, von Willebrand
disease, hemophilia, polycythemia vera, erythrocyte disorders, myelodysplastic syndrome,

leukemia, lymphoma or myeloma.
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INTRODUCTION

Hematological conditions can lead to serious disturbance
in the blood rheology resulting at times in a pro-throm-
botic status. The diseases in this group are frequently
associated with an increased systemic inflammation
and an increased risk of bleeding, resulting in an im-
balance between coagulation and thrombolytic factors.
Various changes in blood homeostasis associated with

the occurrence of an acute coronary syndrome may lead
to undesirable outcomes and the success of emergency
coronary angioplasty or bypass grafting may be altered
by increased bleeding in coagulopathies such as hemo-
philia.

This paper intends to review present knowledge in the
field of acute coronary syndromes in subjects with hema-
tological and onco-hematological disorders.
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1. THE LINK BETWEEN ACUTE
CORONARY SYNDROMES, PLATELET
DISORDERS AND COAGULOPATHIES

ACUTE CORONARY SYNDROMES IN PATIENTS
WITH THROMBOCYTOPENIA AND THROMBOTIC
THROMBOCYTOPENIC PURPURA

Platelets have a significant role in the development of
acute coronary thrombosis that overlaps a ruptured ath-
erosclerotic plaque.!

A large, multi-institutional cohort study (2013), which
included 4,032 patients from the 2001-2010 Nationwide
Inpatient Sample database with thrombotic thrombocy-
topenic purpura (TTP) who underwent plasmapheresis
(mean age 47.5 years, 67.7% female), showed that despite
having been treated for TTP, 5.7% of patients developed
an acute coronary syndrome (ACS) during hospitalization.
The predictors of acute myocardial infarction (AMI) in-
cluded age, tobacco use, known coronary artery disease
(CAD), and congestive heart failure (CHF).2

Gandhi et al. (2010), reporting on 27 females, mean age
44, + 18 years, showed that 21% (n = 8) of the patients de-
veloped new Q-wave AMI during their hospital stay.? Sim-
ilarly, Wahla et al. recorded that between 1996 and 2005,
15.3% (n = 13) of the patients admitted for TTP (n = 85),
presented an ACS during hospitalization.*

CAN ACUTE MYOCARDIAL INFARCTION
REPRESENT A COMPLICATION OF IMMUNE
THROMBOCYTOPENIC PURPURA?

Immune thrombocytopenic purpura (ITP), leading to a
low platelet count, is rarely associated with ACS. Despite
the increased risk of bleeding, patients with ITP also have
an increased rate of atherosclerosis and thrombosis.?

Being a rare occurrence, clinical studies on ACS in ITP
patients are scarce. Torbey et al. (2013) reported two pa-
tients, aged 55 and 61 years, with ACS and ITP.°

A review published in 2011, comparing the results of
coronary artery bypass grafting (CABG) versus primary
coronary intervention (PCI) in subjects with ITP found 32
patients with ITP who underwent CABG, mean age 63 + 10
years, and 15 cases of ITP with PCI, mean age 62 + 16 years.
Their conclusion was that both revascularization methods
are safe and feasible and that the cessation of antiplatelet
therapy should be commenced when the platelet count is
less than 20,000/uL.”

A report (2016) of 14 AMI patients with concomitant
immune thrombocytopenic purpura, nine men and five
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women, mean age 56 + 17 years, highlighted the option of
coronary balloon angioplasty for revascularization in this
group, in order to reduce the duration of dual antiplatelet
treatment and the risk of bleeding.®

Possible etiologies of enhanced thrombosis in ITP in-
clude antibody reaction to platelets and release of platelet
microparticles, the release of larger and younger platelets,
splenectomy, several treatments such as steroids or dan-
azol, as well as autoantibodies directed against antigens
that are presentd both on the thrombocyte and the endo-
thelial surface, and anti-phospholipid antibodies (aPL).?

ACS IN PATIENTS WITH VON WILLEBRAND DISEASE

The von Willebrand factor (vVWF) holds a vital place in the
coagulation cascade. An elevated level of vWF leads to an
augmented risk of coronary artery disease. In ST-eleva-
tion MI (STEMI) the level of VWF increases up to 1.5—2-
fold in the first 24 hours and peaks at 48—72 hours.*

The ATHEROREMO-IVUS study (conducted between
2008 and 2011) showed that a high coronary plaque burden
was correlated with elevated von Willebrand factor antigen
levels (p = 0.027) in subjects with stabile angina pectoris,
but not in patients with ACS. In patients with acute ACS,
high vWF levels were predictive for adverse cardiovascular
events and mortality rates during the 1-year follow-up."

Lim et al. analyzed the rate of ACS in patients with von
Willebrand disease, describing ten cases of ACS. Their re-
sults showed that in subjects with mild congenital hem-
orrhagic disease, the intervention was not complicated
by severe hemorrhagic events even if they had not re-
ceived factor concentrates before the coronarography.
The administration of double antiplatelet treatment for
a short amount of time was tolerated relatively well. Pa-
tients who received aspirin for a long-term, had shown
mild bleeding complications, but these cases require
close follow-up.'

In a case report (2013) on type 1 von Willebrand disease,
with 25% factor VIII activity, a percutaneous coronary in-
tervention was performed with bare-metal stent implan-
tation and dual-antiplatelet therapy was administered for
two weeks, without any bleeding complications.’

Mohammad et al. (2014) published the case of an indi-
vidual diagnosed with type 2 von Willebrand disorder and
a history of severe bleeding, who presented with a non-
ST elevation MI (NSTEMI). The patient needed multiple
stent implantations to minimize restenosis, including the
implantation of drug eluting stents at the level of the left
anterior descending artery, first diagonal (D1) artery and
proximal part of the first obtuse marginal (OM) artery.
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Drug therapy included oral aspirin and clopidogrel, and
no periprocedural bleeding was reported.*

A presentation of five cases indicated that anticoagulant
therapy can be safely administered by giving factor pro-
tection when vWF activity levels are maintained at 30%.
Martin et al. (2016) suggested the usage of high-intensity
anticoagulation for a minimal duration associated with
clotting factor administration. This study recommended
keeping the vWF activity at a level higher than 50% before
the procedure.'

HEMOPHILIA AND ACS

The majority of studies regarding ACS in hemophilic pa-
tients advocate a less hostile approach and additional care
and treatment. Subjects with inherited hemorrhagic pa-
thologies are predisposed to higher bleeding rates; there-
fore, thrombolysis for MI is unjustified in such cases. Anti-
coagulant treatment is to be initiated with an intravenous
injection of unfractionated heparin, followed by continu-
ous administration for 2—3 days in association with double
antiplatelet medication (aspirin, clopidogrel). Daily small-
dose acetylsalicylic acid (ASA) must be administered for
an indefinite time, and clopidogrel must be ceased after 4
weeks from its introduction in the therapeutic plan.

In case of STEMI in patients with hemophilia, primary
PCI is recommended. Bare-metal stents are preferred to
drug-eluting stents due to the fact that they require a
smaller amount of time for two antiplatelet drugs, usu-
ally one month, and consequently, a shorter time of rig-
orous prophylaxis maintaining the factor concentration
at 30% or more. Initial management of STEMI with gly-
coprotein IIb/IIIa inhibitors is not feasible due to an en-
hanced bleeding risk. In hemophilic patients, the activity
of the missing factor should be at least 80% at the mo-
ment of heparin administration and coronary interven-
tion.16-18

The ARCHER study (2015) analyzed the frequency of
cardiovascular disease in hemophilic patients, and re-
ported an incidence of 14/1000 patients for any CVD event,
8.2/1000 patients for CAD and 3.5/1000 patients for MI
(NSTEMI and STEMI). The majority of the CVD events
were treated with revascularization (12 procedures — 3
CABG and 9 PCI). Interventional revascularization was
performed with bare-metal stents in six cases and with
drug-eluting stents in one case. All patients who under-
went coronary angioplasty with stent implantation were
treated with dual antiplatelet therapy for 1—3 months, fol-
lowed by longer term aspirin therapy. Furthermore, pro-
phylactic coagulating factor concentrate was administered
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to all patients prior to the coronary intervention, and pre-
operatively for those who had undergone CABG surgery.'

van de Putte et al. (2012), analyzing 408 patients with
hemophilia, of which 204 were considered severe and 204
non-severe, identified a 2.5% rate of MI in the disease
group, versus 4.8% in age-matched controls.*®

Fogarty et al. (2015) sought to determine patient char-
acteristics, cardiovascular risk factors, coagulopathy
features, as well as the hemostasis protocol used in case
of patients with ACS and hemophilia, in a 10-year survey.
From the 2,000 hemophiliacs, 20 had presented an ACS.
They concluded that ACS occurs in younger hemophilia
patients who have associated cardiovascular risk fac-
tors, and that secondary cardiovascular prevention and
revascularization therapies followed by dual antiplatelet
therapy are feasible therapeutic approaches in selected
cases.”

ACS IN SUBJECTS WITH POLYCYTHEMIA VERA
AND ESSENTIAL THROMBOCYTHEMIA

Polycythemia vera (PV) is defined as the excessive pro-
liferation of red blood cells, leading to hyperviscosity and
increased risk of thrombosis. In patients with PV, the main
causes of mortality are acute myocardial infarction and
heart failure.

Essential thrombocythemia (ET) is manifested clinical-
ly as the excessive production of platelets. These platelets
are dysfunctional, leading to an increased risk of bleeding
and thrombosis. Thromboembolic events are frequent and
are usually represented by deep vein thrombosis and pul-
monary embolism. AMI is unusual in this case.*?

According to the ECLAP study, the prevention of acute
coronary syndromes in PV patients consists of low-dose
aspirin for the prevention of thromboembolic events that
reduces the risk of nonfatal myocardial infarction by
30%.%3

Cytoreductive therapy aims to reduce thromboembolic
risk by using phlebotomy or hydroxyurea and is recom-
mended for all patients in order to achieve the optimal
control of blood cell counts.?*

In patients with PV and ET with acute myocardial in-
farction, percutaneous reperfusion followed by aggressive
antithrombotic treatment is recommended in association
with cytoreductive medication. Cytoreductive treatment is
linked to an important decrease in the rate of thrombot-
ic complications. Hydroxyurea is suggested as first-line
treatment and anagrelide is recommended as a second-
line therapy due to its minimal leukemogenic effects in
young patients.*
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De Stefano et al. studied the recurrence rate of throm-
botic events in patients with PV/TH who had previously
suffered arterial or venous thrombosis or both, in a ret-
rospective multicenter study that included 497 patients.
Their results showed a 33.6% thrombosis recurrence rate
and pointed out an elevated leukocyte count as a risk fac-
tor for recurrence in patients older than 60 years. This
study also showed that the best preventive strategy in
these cases is represented by cytoreductive therapy asso-
ciated with antiplatelet drugs and anticoagulants.?®

A meta-analysis on 17 studies that included 2,905 pa-
tients showed that the presence of the JAK2 V617F muta-
tion was associated with an increased risk of both venous
and arterial thrombosis in patients with essential throm-
bocythemia.?”

Similar results were published in a retrospective multi-
center study involving 239 patients with ET. In that study,
previous thrombotic history and the JAK2 V617F mutation
were connected to an increased 10-year cumulative rate of
thrombohemorrhagic events.?®

A retrospective study (2016) of 263 patients analyzed
the rate of acute myocardial infarction in patients with ET
or PV. During follow-up, 10 cases of STEMI and 4 cases
of NSTEMI were described, and the majority of the acute
coronary events had occurred during the first year after
diagnosis.*

2. ANEMIA, ERYTHROCYTE
DISORDERS AND AMI

AUTOIMMUNE HEMOLYTIC ANEMIA
COMPLICATED WITH ACUTE MYOCARDIAL
INFARCTION — AN “UNCLEAR AREA"?

Being a relatively rare disease, few data have been pub-
lished regarding clinical studies on patients with autoim-
mune hemolytic anemia (AIHA) and AMI. Two cases have
been reported, in which the acute coronary syndrome oc-
curred as a complication of Evans Syndrome, which as-
sociates immune thrombocytopenic purpura and ATHA.3%3

In one of the above mentioned cases, the patient pre-
sented with STEMI and had undergone coronary stenting.
The antiplatelet therapy following PCI was adjusted, and
the patient had received single antiplatelet aspirin therapy
when his thrombocyte level was lower than 50 x 10°/L,
and no aspirin when his platelet count was less than 30 x
109/L. Moreover, the patient had received a platelet trans-
fusion when his platelet count was <30 x 109/L.3!

A large Swedish study (2012), which retrospectively
analyzed the connection between immune-mediated
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disorders including AIHA and atherosclerotic coronary
heart disease (CHD), enrolled a total number of 336,479
patients admitted between 1987 and 2008 with immune-
mediated diseases. The study indicated a 3.17 (95% CI
2.16—4.47) risk of CHD in AIHA patients during the first
year after hospitalization. However, it should be men-
tioned that the established overall risk of CHD for im-
mune-mediated disorders in this study was 2.92 (95% CI
2.84—2.99).3?

ACUTE CORONARY SYNDROME IS A SERIOUS
CLINICAL MANIFESTATION IN SICKLE CELL ANEMIA

Sickle cell disease (SCD) is a chronic hemolytic anemia,
which leads to recurrent ischemic episodes resulting in
a generalized progressive multi-organ dysfunction. SCD
patients with AMI, diagnosed based on symptoms, ECG
and elevated cardiac enzymes, often present with normal
coronary arteries upon coronarography. The myocardial
ischemia in SCD is caused by endothelial dysfunction, mi-
crovascular obstruction due to the pro-thrombotic state,
and also by the systemic vasculopathy secondary to the
bounding of nitric oxide to plasma hemoglobin (which is
very high due to hemolysis).3334

An autopsy study (from 2012 to 2016) of 427 heart
specimens from patients who had died suddenly, reported
12 cases with SCD. Upon reviewing the medical history of
the deceased patients, only five patients presented with
chest pain. The microscopic examination showed vessel
congestion with sickle cells in all 12 cases, MI with coro-
nary atherosclerosis in 41.66%, MI with normal coronar-
ies in 33.33% of cases, myocardial hypertrophy in 8.33%
of cases, and media calcifications in 16.6% of patients.?

CORONARY ARTERY THROMBOSIS IN PATIENTS WITH
PAROXYSMAL NOCTURNAL HEMOGLOBINURIA

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare
disorder that causes intravascular hemolysis followed
by hemoglobinuria, with a high risk of thrombosis.3
Thromboembolic events in PNH are caused by the acti-
vation of the C5 complement factor through hemoglobin
release during hemolysis, leading to endothelial damage
and subsequent intravascular thrombosis. On the other
hand, nitric oxide depletion caused by circulating hemo-
globin molecules leads to arterial thrombosis. By using
C5 complement factor inhibitor as a therapeutic option,
the thrombotic events are reduced, therefore complement
and complement-mediated hemolysis play a major role in
thrombosis in PNH patients.3¢
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A review on a single Spanish center's forty years’ experi-
ence found 56 patients with PNH, with an average age of
38 +17.7 years at the time of diagnosis and a mean survival
time of 11 + 12.09 years following positive diagnosis. Arterial
or venous thrombotic events occurred in 37 cases (66.07%),
from which only three caused acute coronary syndromes.?’

A review by Ziakas et al. (2007) found 339 patients with
PNH and thrombotic events, with a mean age of 34.5 + 13.7
years. Arterial thrombosis mainly occurred at a coronary
level that led to acute myocardial infarctions in young pa-
tients, mean age 35 + 13.7 years, whereas in older patients
the thrombosis caused strokes. The incidence of MI was rel-
atively low (n = 12; 3.31%, RR: 20.53; 95% CI: 4.42—95.28).38

Yu et al. (2016) sought to perform a comparative analy-
sis on the clinical manifestations of PNH patients in Asia,
Europe/America, by evaluating all retrospective studies on
PNH published after 2000. They reported on 1,665 patients
and found that the rate of PNH was significantly lower in
Asia, and that Asian subjects had a more increased incidence
of arterial thrombotic events in comparison with Western
patients, who presented a higher incidence of abdominal
venous thrombosis. Despite this, the total mortality rate
was not significantly different between the two groups.>

IS ACUTE CORONARY SYNDROME A COMMON
APPEARANCE IN APLASTIC ANEMIA?

Aplastic anemia is caused by bone marrow failure that leads
to a decreased blood cell count on several lines. Acute coro-
nary events in patients with aplastic anemia have a very low
incidence, but there are a few cases cited in the literature.
A case of a 52-year-old patient with aplastic anemia
with late stent thrombosis has been published in 2012 by
Shin et al.*° The patient had undergone PCI with stent an-
gioplasty on the left anterior descending artery one year
before presentation. At presentation, the platelet count
was 12,000/uL, for which the patient had received plate-
let transfusion resulting in acute stent thrombosis. This
case illustrates the increased risk correlated with platelet
transfusion in patients with coronary stenting.«°

3. LEUKEMIA AND MYELODYSPLASTIC
SYNDROME IN PATIENTS WITH ACS

ACUTE LEUKEMIA AND THE RISK OF DEVELOPING
AN ACUTE CORONARY SYNDROME

A literature search identified seven case reports of sub-
jects with acute myeloid leukemia (AML) and acute coro-
nary events.4-47
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Two physiopathological pathways promote the forma-
tion of intravascular thrombi in AML. Firstly, hyperleu-
kocitosis compromises tissue perfusion by changing blood
rheology and altering microvascular circulation mostly in
the central nervous system and respiratory system. The
myocardium is affected if coronary atherosclerosis is
present.*’” Secondly, a hypercoagulability state, which is
caused by the release of potent procoagulant factors from
leukemic cells, can lead to the activation of the coagula-
tion cascade, resulting in disseminated intravascular co-
agulation.*

MYELODYSPLASTIC SYNDROME

Myelodysplastic syndrome (MDS) is a group of myeloid
neoplasms that affects older population more frequently,
in which the bone marrow fails to produce blood cells,
leading to cytopenia. MDS is a rare disease on its own, and
even more rare in association with ACS, therefore there
are very few literature data on the subject, mainly case
reports.

A case report (2016) described a patient with acute
myocardial infarction caused by thrombotic microangi-
opathy complicated with myelodysplastic syndrome. The
patient presented with systemic microthrombosis includ-
ing coronary artery involvement and pancytopenia caused
by MDS, with deletion of the long arm of chromosome
20. Oral anticoagulation therapy was stopped because of
hemorrhoidal bleeding, which required a blood transfu-
sion. The recovery of the patient was successful without
antiplatelet and anticoagulation therapy, which were
avoided due to the low platelet count.*®

Oliva et al. (2011) performed a systematic analysis of the
literature on anemia due to MDS and a negative cardio-
vascular prognosis. Their search revealed that despite the
lack of studies on this topic, there seems to be a good re-
lationship between low hemoglobin levels and cardiovas-
cular morbidity and mortality, suggesting that anemia in
MDS patients should be managed before requiring blood
transfusions.4?

CHRONIC LYMPHOCYTIC LEUKEMIA AND ACS

Increased leukocyte count, which can be the first mani-
festation of chronic lymphocytic leukemia (CLL), leads to
a high risk of coronary artery disease (CAD) and it repre-
sents a negative prognostic factor for CAD. An increased
white blood cell count has also been demonstrated to
represent an independent risk factor for atherosclero-
sis.”®
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TABLE 1. Acute coronary syndrome in AML patients

Author Gender Age Year of FAB WBC count Platelet count Comorbidities Complication

diagnosis classification
Altwegg et al.* male 51 2010 M3 2,200/mm? 85,000/mm?3 - AMI and intracoronary drug-
eluting-stent thrombosis

Sargsyan et al.#? male 45 - — 10,000/mm? — - AMI

Ofran et al.?? female 56 1993 M1 316,000/mm? 35,000/mm?3 - AMI

Cahill et al.% female 29 2010 M3 normal range  normal range - AMI with intracardiac

thrombosis
Muniiz4 male 54 - M3 640/mm? 11,200/mm?3 - AMI
Colovié et al.4¢ male 76 - - extreme - ? AMI and stroke
leukocytosis
Cohen et al 7 male 37 2012 MLL (lympho-  354,000/mm? 60,000/mm? - AMI and deep vein thrombo-
monoblastic) sis of the lower limb

A review on the effect of leukocytosis in patients with
ischemic vascular disease included 350,000 patients from
studies published between 1974 and 2005. The results
showed a significant association between high white cell
blood count and increased cardiovascular mortality and
morbidity. Leukocytosis leads to an enhanced risk of acute
thrombosis and stimulates the chronic atherosclerotic
process, also causing microvascular occlusion. Initiating
therapies that lower the leukocyte count may be appro-
priate in selected cases in order to improve prognosis, but
hydroxyurea has leukemogenic potential, therefore its
administration should be limited to high-risk elderly pa-
tients, for short time periods.>*

A case report described an 83-year-old man diagnosed
and treated with CLL, who presented acute myocardial
infarction and died shortly after admission. The necropsy
revealed myocardial infarction of the lateral wall of the
left ventricle and severe atherosclerotic calcifications of
the coronary arteries. Microscopic examination showed
wall infiltration of the coronary arteries with leukemic
cells, and also invasion of the atheromatous plaques with
leukocytes, which could have contributed to plaque rup-
ture and occurrence of the acute coronary event.>?

4. THE INCREASED RISK OF AMI IN SUBJECTS
WITH HODGKIN & NON-HODGKIN LYMPHOMA

Anthony et al. (2007) followed 7,033 patients (62%
males) registered in the British National Lymphoma In-
vestigation database from 1967 to 2000. During follow-
up, 2,441 patients had died, of which 99.3% had a known
cause of death. One-hundred sixty-six patients from the
deceased group had died due to myocardial infarction.
Their results suggested that Hodgkin lymphoma pa-
tients had a more increased risk of AMI compared to the

general population, and that the relative risk of death
from MI was more than two-fold higher (RR: 2.1, 95%
CI 2.5-2.9).

Within the first year after the initiation of therapy, the
myocardial infarction mortality rate increased four-fold.
From year one to year fourteen after treatment initiation,
the relative risk of death was increased two-fold, from
year 15 to 19 four-fold, and after 20 to 24 years of treat-
ment, the mortality caused by MI was increased three-
fold compared to the general population. They conclud-
ed that the mortality risk from MI after the initiation of
therapy for Hodgkin lymphoma remains high for the next
25 years, and the risk is directly correlated with supra-
diaphragmatic radiotherapy, antracycline and vincristine
treatment.>?

Similar results were shown by Galper et al. (2011) in a
retrospective study that included 1,279 Hodgkin lympho-
ma patients that had been treated with mediastinal radio-
therapy (RT) alone or in association with chemotherapy,
with a follow-up period of 14.7 years. Coronary artery dis-
ease was diagnosed in 107 cases, the mean time from ra-
diotherapy to CAD being 15.8 years. The incidence of CAD
in these patients increases every 5 years after RT. Myo-
cardial infarction had occurred in 76 cases, from which 19
were fatal. They concluded that the incidence of cardio-
vascular disease and cardiac procedures is higher 10 years
or more after RT, thus suggesting that the effectiveness
of screening for CVD is limited before 10 years following
initial treatment for Hodgkin lymphoma.>

Aleman et al. (2007) sought to evaluate the long-term
risk for CVD in 1,474 patients that had survived 5 years
after being diagnosed and treated for Hodgkin lymphoma,
between 1965 and 1995, with a mean follow-up of 18.7
years. From the study population, 28% of patients were
given RT alone, 5% chemotherapy (CT) alone, 38% RT
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and CT without anthracyclines, and 29% received RT and
CT including anthracyclines. In total, 619 cardiovascular
diseases had been diagnosed in 354 patients, from which
102 events were myocardial infarctions. Also, there was a
higher number of angina pectoris and MI cases compared
to the general population. The incidence of MI was signifi-
cantly higher after 10 years following treatment. However,
there were no significant differences in the rate of MI, an-
gina pectoris and congestive heart failure between differ-
ent treatment regimens.>®

Four cases of non-Hodgkin lymphoma patients that
presented with acute coronary syndromes were reported
in the literature, in 2009, 2013, 2014, and 2015.5°759 They
presented with acute constrictive chest pain shortly af-
ter the administration of chemotherapy, and ECG and en-
zymatic changes were suggestive of AMI. They received
different combinations of cytostatic treatment including
rituximab-vincristine, cyclophosamide, prednison/ritux-
imab-cyclophosphamide, doxorubicin, vincristine and
prednisone/bendamustine and rituximab. Two of these
cases presented with AMI after Rituximab administration.
Generally, Rituximab, an anti-CD20 monoclonal antibody,
is not cardiotoxic, but arrhythmias have been reported
in association with its administration. MI secondary to
treatment with Rituximab is caused by platelet activation,
plaque rupture and vasoconstriction, especially in subjects
with preexisting coronary atherosclerosis and vulnerable
coronary plaques.5®-59

5. RISK OF ACS IN PATIENTS WITH
MULTIPLE MYELOMA (MM) AND
MONOCLONAL GAMMOPATHY OF
UNDETERMINED SIGNIFICANCE (MGUS)

Kristinsson et al. (2010), using a Swedish database, as-
sessed the risk of venous and arterial thrombosis in 18,627
individuals with multiple myeloma (MM) and 5,326 pa-
tients with monoclonal gammopathy of undetermined
significance (MGUS). They concluded that MM as well as
MGUS patients present a high risk of both arterial and
venous thrombosis, with a higher incidence of venous
thrombosis compared with arterial thrombosis.®°

A prospective cohort study evaluating the risk of arte-
rial thrombosis included 195 subjects with multiple my-
eloma (MM), who underwent chemotherapy followed
by melphalan and autologous stem cell transplantation.
From the study population, eleven patients (5.6%) had
developed arterial thrombotic events, having as risk fac-
tors arterial hypertension, tobacco use and increased lev-
els of factor VIIL.%
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Two population-based studies were conducted in 2010
and 2016 to assess the risk of thrombosis in MM sub-
jects. The results showed a higher risk of both venous
and arterial thrombosis, which occurred mostly during
chemotherapy induction, and when thalidomide and le-
nalidomide were used. Prophylaxis of the thrombosis in
patients with MM is necessary and it can be achieved
with aspirin, low-molecular-weight heparin and warfa-
rin/acenocumarol. Thromboprophylaxis is recommend-
ed in all MM patients that do not present a high risk of
bleeding.5%¢3

A case report (2010) highlighted the relationship be-
tween bortezomib treatment and ischemic heart disease.
A 79-year-old patient diagnosed with MM, without any
history of cardiovascular disease, presented with acute
myocardial infarction during treatment with bortezomib.
The patient underwent emergency coronary angioplasty
with stent implantation and continued with the course of
chemotherapy. Five days later the patient developed chest
pain due to coronary spasm, which is a side effect of bort-
ezomib therapy, due to endothelial dysfunction and im-
pairment of nitric oxide production.®*

CONCLUSIONS

Patients with previously diagnosed hematological disor-
ders are at an increased risk for acute coronary syndromes,
with a higher risk of thrombosis or bleeding, depending
on the underlying hemopathy. Leukemia and myelodys-
plastic syndrome lead to an increased inflammatory status
that causes coronary plaque disruption and infiltration of
the vessel wall, leading to acute thrombosis and myocar-
dial infarction. On the other hand, the presence of blood
clotting disorders, including thrombopathies, thrombo-
cytopenia and conditions that impair various coagulation
factors, can lead to a high hemorrhagic risk, thus affect-
ing the outcome of patients that undergo percutaneous
coronary interventions or coronary artery bypass grafting.
Furthermore, patients with a high hemorrhagic risk due to
blood clotting disorders should receive bare-metal stents
that require a shorter period of dual antiplatelet treat-
ment.

Multiple myeloma leads to a pro-thrombotic state that
causes both arterial and venous thrombosis. Paroxysmal
nocturnal hemoglobinuria leads to a high risk of throm-
bosis that may lead to acute coronary events. Patients with
lymphoma present a late risk of developing cardiovascu-
lar disease due to radiotherapy and chemotherapy, there-
fore an efficient control of the cardiovascular risk factors
might lead to a risk reduction.
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