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Cytopenias in Transplant Patients

Maura Barry, Sunandana Chandra, and Kenneth B. Hymes

�Anemia in Solid Organ Transplants

Anemia is commonly seen after solid organ transplant 
(SOT). It can result from a number of different etiologies 
including bleeding or hemorrhage, iron deficiency, hemo-
lysis, drug related, lack of erythropoietin, marrow suppres-
sion, and congenital etiologies. The frequency and severity 
of anemia is dependent on the type of solid organ trans-
plant and the duration of time that has passed since the 
transplant. Much of the data for the causes of anemia fol-
lowing SOT is from renal transplant and cardiac transplant 
populations. In these renal transplant patients, the preva-
lence of anemia is about 40% 1-year posttransplant. Severe 
anemia, defined as Hb <11 g/dL in males and 10 g/dL in 
females, is seen in 8.5% of patients 6–60 months post-kid-
ney transplant [1]. Anemia to a hematocrit of less than 
33% can persist for greater than 5 years in 25% patients 
and can result in worsened renal graft function and graft 
loss [2, 3]. Pre-transplant anemia often seen in dialysis can 
often improve posttransplant, but then may recur if there is 
graft failure. About 40% of cardiac transplant patients also 
experience posttransplant anemia [4]. Pre-transplant ane-
mia that is seen in 25% of this population negatively 
affects 1-year survival posttransplant [5].

�Hemolysis

Mismatched ABO solid organ transplantation is often 
employed due to the shortage of transplantable organs. 
Three different groups of ABO incompatibility can be 
found in transplantation: minor, major, and bidirectional. 
Complications arising from minor ABO-mismatched solid 
organ transplants include the passenger lymphocyte syn-
drome (PLS) [6]. Recipients of minor ABO-incompatible 
transplantation express ABO antigens that are not expressed 
in the donor and may result in a graft-versus-host (GvH) 
reaction, including delayed hemolysis of recipient red blood 
cells [7]. Passenger lymphocyte syndrome occurs when anti-
bodies that are produced by the donor B-lymphocytes result 
in a primary or secondary immune response against the 
recipient’s ABO and Rh antigens. The severity of hemolysis 
depends on the level of red cell isoagglutinins in the donor 
tissue that are passively transferred with the organ and the 
subsequent rise in antibodies in the transplant recipient that 
occurs 1–3 weeks posttransplant and usually resolves within 
3 months posttransplant [7]. In rare instances, PLS can occur 
due to non-ABO/Rh antibodies if the organ had been pre-
viously sensitized to other red cell antigens in the setting 
of pregnancy or transfusion [8–11]. PLS occurs more fre-
quently in the heart and lung transplants and less frequently 
in liver and kidney transplants [7].

�Drugs

There are numerous drugs that are often used in the solid 
organ transplant setting that can cause myelosuppression, 
including anemia, through a variety of pathophysiologic 
mechanisms. A number of immunosuppressants with various 
pharmacologic mechanisms of action are used to prolong 
graft and recipient survival. The immunosuppressants myco-
phenolate mofetil and tacrolimus have been shown to cause 
anemia in renal transplant recipients [12]. One-year post-
transplant, renal transplant patients with anemia who are on 
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mycophenolate mofetil have a lower rates of survival and 
higher rates of cardiovascular death [13]. Sirolimus, another 
immunosuppressant, may result in greater myelosuppression 
compared to mycophenolate mofetil [14]. Sirolimus and cal-
cineurin inhibitors such as tacrolimus and cyclosporine have 
been shown in renal and lung transplant recipients to cause 
hemolytic anemia, thrombotic thrombocytopenic purpura, 
and atypical hemolytic uremic syndrome [15–17]. The calci-
neurin inhibitors have been shown to cause anemia ranging 
from 1% to 5% in European trials to 38–47% in US trial [18]. 
The antimetabolite azathioprine, a purine-analog drug, can 
also cause cytopenias. Mycophenolate mofetil, tacrolimus, 
azathioprine, and anti-thymocyte globulin have all shown to 
cause pure red cell aplasia [19, 20].

Primaquine and dapsone are used for PCP treatment, and 
both can result in hemolysis in glucose-6-phosphate-
dehydrogenase-deficient patients, which is not restricted to 
solid organ transplant settings. In patients with low body 
weight or renal failure, dapsone may induce a hemolytic ane-
mia and produce methemoglobinemia even if the G6PD lev-
els are normal [21–23].

Ribavirin and interferon can cause bone marrow suppres-
sion in liver transplant recipients who are being treated with 
recurrent hepatitis C virus [24]. Ribavirin is used in treating 
respiratory syncytial virus after transplant in both the oral 
and inhaled formulations, both of which can cause bone mar-
row suppression [25]. In patients who are co-infected with 
human deficiency virus (HIV) and hepatitis C virus, myelo-
suppression can be seen with the anti-retroviral medication, 
AZT, and the anemia can be exacerbated with the co-
administration of ribavirin. The antibiotic trimethoprim-
sulfamethoxazole can also cause myelosuppression including 
anemia. Valganciclovir has been reported to cause bone mar-
row failure in renal transplant patients who received this anti-
viral as prophylaxis [26].

Newer immunosuppressants have been developed which 
allow for the sparing of steroids and calcineurin inhibitors, 
the latter of which can cause chronic nephropathy. These 
newer agents include alemtuzumab, a human anti-CD52 
antibody that depletes T- and B-cells, daclizumab, a human 
anti-CD25 antibody that targets the IL-2 alpha subunit, and 
anti-thymocyte globulin (ATG). Alemtuzumab has been 
reported to be associated with red cell aplasia, autoimmune 
hemolytic anemia, and idiopathic thrombocytopenia purpura 
in pancreas transplant patients [27].

�Iron Deficiency

Iron deficiency is often overlooked in transplant patients. In 
renal transplant patients, those with a hematocrit of less than 
30% have iron studies checked only 40% of the time [28]. 
Perioperative bleeding and frequent phlebotomies for labo-

ratory studies can contribute to iron deficiency anemia. 
Anemia of chronic disease is also frequently seen in the 
transplant population due to chronic inflammation, abnormal 
erythropoietin production due to allograft nephropathy after 
renal transplant. Drugs such as ACE inhibitors that are often 
used in chronic kidney disease are also associated post-
kidney transplant anemia [1].

�Infections

Numerous infectious etiologies that can occur during the 
posttransplant immunosuppressed period have been shown 
to cause myelosuppression including anemia. Parvovirus 
B19, a single-stranded DNA virus, has been known to 
cause red cell aplasia with anemia, reticulocytopenia, and 
erythroid maturation arrest [29]. Elevated parvoviral B19 
titers have been found by PCR in lung transplant recipients 
who had anemia with other etiologies that were ruled out 
[30–32]. Cytomegalovirus (CMV) infection as well as its 
first-line therapies, ganciclovir and valganciclovir, can be 
associated with bone marrow suppression. Also tuberculo-
sis, histoplasmosis, Epstein-Barr virus (EBV), human herpes 
virus-6, and human herpes virus-8 infections can be associ-
ated with bone marrow suppression and pancytopenia [33]. 
Posttransplant lymphoproliferative disorder that can be seen 
with immunosuppressive therapy can also be associated with 
pancytopenia.

�Posttransplant Lymphoproliferative Disorder

Posttransplant lymphoproliferative disorder (PTLD) which 
includes the spectrum of infectious mononucleosis, EBV-
driven polyclonal lymphocyte proliferation, and non-
Hodgkin’s lymphoma can be seen with solid organ 
transplantation [29]. PTLD is due to the impaired EBV-
specific cytotoxic T-cell activity that allows for recipient B 
cells that have latent EBV infection to expand. PTLD can 
result in bone marrow infiltration and pancytopenia, as well 
as cause autoimmune hemolytic anemia. The severity of 
PTLD depends on the level of immunosuppression and usu-
ally occurs within the 1st year after transplant.

�Graft-Versus-Host Disease

Graft-versus-host disease (GVHD) is rarely seen after SOT 
and is due to the engraftment and proliferation of allograft-
associated lymphocytes in the immunosuppressed trans-
plant recipient causing an immune-mediated response 
toward HLA-unmatched host tissue. Risk factors for the 
development of GVHD includes the volume of lymphoid 
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tissue that is transplanted and therefore is seen more with 
small bowel and liver transplants, in those over 65 years of 
age and with HLA mismatch between donor and recipient 
[34, 35]. GVHD, in contrast to the development of PTLD, 
occurs early after SOT, on the order of weeks to months 
depending on the type of solid organ transplant. The clinical 
presentation usually includes fever, rash, diarrhea, and cyto-
penias, and diagnosis is made by histologic confirmation of 
affected tissue.

�Hemophagocytic Syndrome

Hemophagocytic syndrome is a systemic inflammatory dis-
ease that can include the symptoms of fever, hepatospleno-
megaly, lymphadenopathy, pancytopenia, rash, jaundice, 
cough, dyspnea, cachexia, and neurologic dysfunction and 
can often occur in response to a precipitant, such as infec-
tion [29]. This syndrome is a result of aberrant immune 
response of abnormal T-cell activation leading to hemo-
phagocytosis by activated, nonmalignant macrophages that 
secrete numerous cytokines including interleukin (IL)-1, 
IL-6, IL-12, and tumor necrosis factor-alpha in the bone 
marrow, liver, lymph nodes, and spleen, resulting in a “cyto-
kine storm” [29]. Acquired hemophagocytic syndrome has 
been documented in the renal, liver, heart, and pancreas-
kidney solid organ transplants. There have been cases of 
hemophagocytic syndrome due to disseminated histoplas-
mosis in renal transplant recipients which were diagnosed 
by bone marrow biopsy [36].

�Leukopenia in Solid Organ Transplants

Leukopenia can be defined as having a white blood cell 
(WBC) count of less than 3000–4000 cells/μL, with neutro-
penia defined as an absolute neutrophil count (ANC) <500/
mm3 by the Infectious Diseases Society of America [37]. 
Leukopenia is commonly seen after solid organ transplanta-
tion and can be caused by noninfectious and infectious eti-
ologies. It can signal an underlying infection or disease 
process, such as posttransplant lymphoproliferative disorder 
(PTLD). It also increases the risk of developing further com-
plications such as opportunistic infection and can require 
reduction of immunosuppression, increasing the risk of graft 
rejection. While there is no data to suggest a clear indepen-
dent relationship between leukopenia and graft rejection, the 
complications of leukopenia mentioned above provide ample 
reason to investigate the etiology of the decreased white cell 
count. Solid organ transplant recipients are at risk for devel-
oping infections due to their medically induced immunodefi-
ciency following transplant, required to prevent rejection of 
the transplanted organ.

�Noninfectious Etiologies

Noninfectious causes of leukopenia include drugs that are 
often used in transplant settings. Numerous immunosuppres-
sants can cause leukopenia, but given their use in combina-
tion, it is difficult to elucidate each agent’s individual role in 
incidence and management. In one retrospective study of 
adult kidney and pancreas transplantations, the incidence of 
either leukopenia or neutropenia was 58%, with the first epi-
sode occurring at a mean of 91 days posttransplant [38].

One of the most common immunosuppressants, azathio-
prine, is a purine analog that causes an antimetabolite effect. 
Azathioprine may result in leukopenia in a dose-dependent 
manner, as well as based on the duration of treatment. The 
leukopenia that results from azathioprine is usually revers-
ible upon dose-reduction or drug discontinuation. The leuko-
penia, often occurring late in the course of therapy, can be 
related to low or absent levels of S-methyl-transferase 
(TPMT) activity, which metabolizes 6-mercaptopurine, and 
can result in increased myelotoxicity [39].

Drugs that result in the depletion of T cells, such as thy-
moglobulin and alemtuzumab, can also lead to leukopenia in 
10–14% of patients [40]. The immunosuppressant, myco-
phenolate mofetil (MMF), reversibly and noncompetitively 
inhibits the enzyme, inosine monophosphate dehydrogenase, 
the rate-limiting enzyme for de novo purine synthesis during 
lymphocyte proliferation [29]. MMF can result in leukope-
nia in 13–35% of patients. The myelosuppression of MMF is 
dose-dependent and is related to the trough level of the active 
metabolite, mycophenolic acid; however, brief discontinua-
tions of the drug can lead to organ rejection, especially in the 
era of steroid-sparing regimens [41, 42]. The calcineurin 
inhibitors such as cyclosporine, tacrolimus, and sirolimus 
can also lead to cytopenias, including leukopenia.

�Infections

Some of these agents can cause leukopenia as one of many 
symptoms of infection. For example, leukopenia (and often 
thrombocytopenia as well) have been observed as a sign/
symptoms of infection with pathogens such as adenovirus, 
coronavirus, lymphocytic choriomeningitis virus (LCMV), 
parainfluenza, ehrlichiosis, and measles [43–45]. In areas 
endemic for the disease, dengue infection also causes both leu-
kopenia and thrombocytopenia in patients after solid organ 
transplant [46]. Fungal infections such as histoplasmosis can 
cause disseminated organ infiltration, with the bone marrow 
being a common area of involvement, resulting in decreased 
hematopoiesis and cytopenias [33]. Parvovirus B19, much 
better known for its role in causing both acute and chronic 
anemia in solid organ transplants, is also reported to cause 
acute and chronic leukopenia in approximately 37.5% of solid 
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organ as well as hematopoietic stem cell transplant recipients 
who develop the infection [32, 47]. An acute infection with 
HHV-8 can present with fever, splenomegaly, and leukopenia 
(as part of a pancytopenia), with bone marrow biopsy reveal-
ing hypocellularity, plasma cell infiltration, and evidence of 
viral infection by immunohistochemical staining [33].

A retrospective analysis of liver and kidney transplant 
recipients was performed to assess the relationship between 
leukopenia and positive hepatitis B and C serologies. The 
investigators found that there was no significant correlation 
between leukopenia and hepatitis C infection, but that the 
incidence of leukopenia in those with active hepatitis B infec-
tion was 7.4%. They posited that, similar to other viruses, 
infection with hepatitis B virus could lead to “decreased or 
ineffective leukocyte production in the bone marrow…shifts 
of cells from the circulation to the marginal blood pools…
[and] also produce peripheral destruction of white blood cells 
due to immune and nonimmune processes” [48].

Cytomegalovirus infection is the most well-known 
transplant-related infection to cause cytopenias, with leuko-
penia found in approximately 20% of infected transplant 
recipients and with most of the data and research conducted 
in kidney transplant populations [49]. Infection with CMV 
has direct effects on the bone marrow, inhibiting hematopoi-
esis by affecting both the bone marrow stroma and the stem 
cells and hematopoietic precursors [33, 50]. CMV disease 
(acute symptomatic infection) is most often seen in the first 
6  months, particularly during the first 3  months posttrans-
plant, and presents with constitutional complaints such as 
fever, abdominal pain, diarrhea, and respiratory symptoms 
along with cytopenias [33, 49, 51]. However, in heart trans-
plant patients, a subclinical infection during the 1st year 
where infected individuals are asymptomatic has also been 
associated with leukopenia, with the most significant reduc-
tions occurring in the neutrophil and monocyte populations 
and preservation of the lymphocyte counts [52].

An added challenge when addressing CMV infection and 
leukopenia results from the frequent finding that the treat-
ments for the disease can result in further leukopenia (dis-
cussed in “Noninfectious Etiologies of Leukopenia” section).

Additional diagnoses to consider when assessing the eti-
ologies of leukopenia, as well as pancytopenia, with regard 
to infection are hemophagocytic syndrome (HPS) which is 
associated with CMV, EBV, HHV-6, HHV-8, and histoplas-
mosis, as well as EBV-associated PTLD [29, 33].

�Thrombocytopenia and Solid Organ 
Transplant

As in all cases of thrombocytopenia, when evaluating a find-
ing of low platelets in a patient after SOT, it must be deter-
mined whether the primary problem is one of impaired 

production in the bone marrow or if it is a matter of con-
sumption or sequestration outside the marrow. Infections and 
drugs are known to suppress megakaryocyte production in 
the marrow, such as cytomegalovirus and trimethoprim-
sulfamethoxazole (TMP-SMX). Additionally, both infec-
tions and medications as well as auto- and alloimmune 
processes can lead to destruction of platelets despite ade-
quate production of megakaryocytes in the bone marrow.

�Infectious Etiologies of Thrombocytopenia

Solid organ transplant recipients are at risk for developing 
infections due to their immunosuppression, and viral infec-
tions in particular are a potential contributor to the develop-
ment of thrombocytopenia following solid organ transplant. 
Detailed discussions of these infections are found in other 
chapters of this book, but their involvement in thrombocyto-
penia is discussed below. In addition to the viral infections 
that contribute to thrombocytopenia, it is important to 
remember that thrombocytopenia can be a sign of bacterial 
infection and sepsis most often in the context of dissemi-
nated intravascular coagulation (DIC). Appropriate workup 
to rule out infection is among the first steps in examining 
thrombocytopenia in a solid organ recipient.

�Cytomegalovirus
The virus of particular concern in regard to platelet count 
in transplant patients specifically is cytomegalovirus, 
though thrombocytopenia due to other viruses has also 
been described, often among a constellation of systemic 
symptoms.

Cytomegalovirus can cause thrombocytopenia both by 
decreasing production of and through destruction of plate-
lets. Studies have shown that CMV can impair megakaryo-
cyte production in its early stages by infection of stromal 
cells, which interferes with growth factor production, as well 
as by directly infecting myeloid cells [50], similar to CMV-
related leukopenia.

The other reported etiology of thrombocytopenia from 
CMV is due to intravascular destruction of platelets by 
CMV-associated thrombotic microangiopathy (TMA), with 
a clinical picture resembling that of thrombotic thrombocy-
topenic purpura (TTP)/atypical hemolytic uremic syndrome 
(aHUS), consisting of varying degrees of Coombs-negative 
hemolytic anemia, thrombocytopenia, acute kidney injury, 
fever, and neurological findings. While this etiology is more 
often identified as a drug-related phenomenon, particularly 
due to the immunosuppressants required to prevent organ 
rejection (see next section), there have been multiple case 
reports associating CMV infection as a trigger of TMA in the 
posttransplant setting [53, 54]. This has been noted with par-
ticular frequency in the renal transplant literature, where 
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both de novo and recurrent forms of aHUS were associated 
with CMV infection in renal transplant recipients. However, 
particularly in the patients with “de novo” disease, it is pos-
sible that CMV may be directly driving the thrombotic 
microangiopathy, rather than solely by the complement-
mediated events of aHUS. Mechanisms thought to be under-
lying CMV’s endothelial effects include activation of 
CMV-specific cytotoxic immune responses and induction of 
primitive endothelial dysfunction as well as direct infection 
of endothelial cells by CMV [55, 56].

However, some investigators question how significant a 
contributor CMV actually is to thrombotic microangiopathy 
in transplant patients. In a review of TMA among lung trans-
plant recipients by Hachem and colleagues, an analysis of 24 
patients who were diagnosed with TMA following lung 
transplantation revealed that only 4 patients had evidence of 
CMV infection, and additionally that there were 229 inci-
dences of CMV viremia among the 237 lung transplant 
patients who did not develop TMA.  Additionally, in their 
univariate and multivariate analyses, neither CMV viremia 
nor serologic status was identified as a risk factor for TMA in 
the study population [57].

�Epstein-Barr Virus
Infection with Epstein-Barr virus often results in conditions 
associated with pancytopenia, such as PTLD and hemo-
phagocytic syndrome, both of which are described in greater 
detail in previous sections of this chapter (see “Leukopenia 
and Anemia” sections). EBV should be considered as a pos-
sible infectious etiology during the workup of thrombocyto-
penia, particularly if other systemic signs or symptoms are 
present.

�Other Infectious Etiologies
Other infectious etiologies that have thrombocytopenia 
among the constellation of presenting symptoms that have 
been described in organ transplant recipients include corona-
virus, particularly SARS, lymphocytic choriomeningitis 
virus (LCMV), and HHV-6, though the thrombocytopenia is 
unlikely to be the primary issue at presentation [58]. 
Parvovirus B-19 and polyoma BK virus infection have also 
been associated with development of aHUS [55, 59].

It is also important to note that chronic infection with 
hepatitis C can be an etiology for thrombocytopenia both 
in and outside the context of solid organ transplantation. 
The etiology of thrombocytopenia in the setting of hepatitis 
C infection can be due to hepatocellular damage includ-
ing fibrosis and/or cirrhosis affecting thrombopoietin 
(TPO) production, hypersplenism due to portal hyperten-
sion, bone marrow suppression, immune dysfunction, and 
development of platelet autoantibodies [60]. Additionally, 
treatment for hepatitis C with interferon is known to cause 
thrombocytopenia.

�Noninfectious Etiologies of Thrombocytopenia

There are numerous noninfectious etiologies of thrombocy-
topenia that have been identified in SOT patients. Many 
pharmacologic agents have been implicated in the develop-
ment of thrombocytopenia following SOT through varying 
mechanisms, such as TMA, decreased megakaryocyte pro-
duction, and auto- and allo-immune mechanisms of platelet 
destruction.

�Pharmacologic Agents

Calcineurin Inhibitors
The drugs most strongly associated with decreased platelet 
counts due to thrombotic microangiopathy are the calcineu-
rin inhibitors (CI) cyclosporine and tacrolimus. Calcineurin 
inhibitor induced TMA often occurs within weeks following 
SOT, and the CIs are thought to cause direct endothelial 
injury and platelet aggregation, although the specific mecha-
nism has not been identified. When this is identified, numer-
ous case studies in multiple different organ systems (lung, 
liver, kidney solid organ transplant) have reported that 
changing from one CI to another (tacrolimus to cyclosporine 
or vice versa) or to another class of medication such as siro-
limus or mycophenolate mofetil can prevent further episodes 
of TMA from occurring [61–64]. However, the addition of 
the mTOR inhibitor sirolimus to a calcineurin inhibitor also 
increases the chance of developing TMA [57, 65].

Antivirals and Antibiotics
Ganciclovir and valganciclovir are used in prophylaxis and 
treatment of CMV. Both are known to have myelosuppres-
sive effects, particularly on granulocytes and platelets, but 
generally there is rapid recovery of counts following with-
drawal of the medication.

One of linezolid’s most well-known adverse effects is 
thrombocytopenia, with the package insert reporting a rate 
of 3% in adults. Other studies have reported rates of grades 
III–IV thrombocytopenia of approximately 5.2% [66]. No 
mechanism has been identified for linezolid-related throm-
bocytopenia, though some evidence suggests that it is an 
immune-mediated phenomenon [67]. The medication is 
frequently used in the treatment of vancomycin-resistant 
enterococcus (VRE), which has been an infection seen in 
transplant patients, as well as non-transplant patients, with 
increasing frequency. A multicenter compassionate use trial 
published in 2003 showed that it was an effective drug in 
treating VRE, which was identified as having a mortality rate 
of up to 83%, with the authors reporting a 62% survival rate 
after treatment with linezolid. Thrombocytopenia was the 
main adverse effect of treatment, seen in 4.7%, but did not 
necessitate the cessation of therapy [68]. A second study in 
liver transplant patients treated with linezolid for VRE infec-
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tion showed a similar treatment efficacy and again reported 
no cases (0/46 patients) requiring cessation of therapy due 
to severe thrombocytopenia, and furthermore found no cor-
relation between treatment duration and platelet counts [69] 
though other articles advise caution when using linezolid 
for extended time periods [70]. Thus, while it may or may 
not require any intervention or change in treatment plan, it 
should be considered as part of the differential diagnosis 
when assessing thrombocytopenia.

Heparin
Heparin-induced thrombocytopenia is an additional drug-
related event that can occur in the setting of solid organ 
transplant. Assessment of this as a possible etiology for 
thrombocytopenia follows the same algorithm as it would for 
any patient receiving heparin. The probability of the throm-
bocytopenia being related to heparin use would be based on 
the 4Ts whether the timing (>10 days following start of hep-
arin use or sooner if heparin was used previously), degree of 
fall (>50% decrease from baseline), presence of thrombosis, 
and lack of alternate explanations for the thrombocytopenia 
suggest that heparin could be the causative agent [71]. 
Studies reveal that HIT is an uncommon occurrence in liver 
transplant recipients, and that thrombotic events and HIT 
antibody positivity were not well correlated [72, 73]. Case 
studies in renal transplant patients have reported some inci-
dences of HIT posttransplant and graft-failure related to HIT, 
in part related to previous exposure to heparin in hemodialy-
sis [74, 75].

HIT antibody immunoassays are often sent if a patient 
develops thrombocytopenia and has received heparin at any 
time during the hospitalization. However, the high sensitivity 
but low specificity of the test results in overdiagnosis of 
heparin-induced thrombocytopenia exposes patients to 
unnecessary risks associated with therapeutic anticoagula-
tion. Chaturvedi and colleagues examined this phenomenon 
at Cleveland Clinic and found that utilizing the 4Ts algo-
rithm to first rule out patients at low risk for HIT was a safe, 
reliable, and cost-effective [76]. Therefore, we recommend 
that immunoassays for HIT antibodies be utilized only in 
those patients whose 4T scores suggest intermediate or high 
probability of heparin-induced thrombocytopenia.

If a HIT antibody immunoassay is sent once a patient is 
determined to be of intermediate/high risk for HIT, it is 
important to understand how this test is interpreted. The 
immunoassay detects the presence of antiplatelet factor 4 
(PF4) antibodies in patient serum and is interpreted by opti-
cal density (OD). A higher reported OD correlates to a higher 
titer of the antibody and is more strongly suggestive of a 
diagnosis of HIT. As mentioned previously, ELISAs for HIT 
have a high sensitivity (meaning a negative test can rule out 
the diagnosis) but a low specificity, underscoring the need to 
first confirm a high pretest probability.

�Immune Etiologies

�Immune Thrombocytopenic Purpura
Immune thrombocytopenic purpura (ITP) is characterized by 
very low platelet counts, petechiae and bruising, as well as 
mucosal bleeding, due to opsonization of platelets in the cir-
culation. Occurrence of ITP following solid organ transplant 
has been documented particularly in the liver transplant lit-
erature, with the cases attributed to either autoimmune ITP, 
at times precipitated by an identified infectious etiology such 
as tuberculosis [77] or alloimmune etiologies. The literature 
reports that chronic renal disease and renal transplant in 
patients with ITP are noted to be very rare [78], and thus 
most of our knowledge of ITP as an etiology following trans-
plant is from the liver transplant literature.

One study reported a case series of eight patients who 
developed ITP following orthotopic liver transplantation 
(OLT), with a mean time of presentation of ITP since OLT of 
5.4 years [79]. These cases were all felt to be autoimmune 
cases, as there was no history of ITP in the donors. This case 
series also presented a review of the previous literature on 
ITP after OLT, and they noted two distinct time patterns of 
ITP presentation, early (within 3 months) or late (>3 months). 
The authors note that it has been proposed that the early-
onset presentation may be due to passive transfer of antibod-
ies from the donor to the recipient. Those that developed 
late-onset ITP were felt to have developed the antibodies 
independently of their donors [79].

Additionally, studies have reported on development of 
alloimmune thrombocytopenic purpura, with antibodies 
introduced from donors with a history of ITP [79, 80]. One 
case study described a case where a donor liver was obtained 
from a donor who had died after a cerebral hemorrhage sec-
ondary to ITP. The recipient developed ITP within 3 days of 
transplant and subsequently expired after developing portal 
vein thrombosis. The authors attributed the death to ITP in 
that they were unable to anticoagulate but were providing 
blood products that may have resulted in increased likeli-
hood of thrombosis. It is also possible, however, that the 
donor was producing procoagulant antibodies, as approxi-
mately 20–25% of patients with ITP also have antiphospho-
lipid antibodies [81, 82]. Based on this event, the authors 
recommended excluding cadaveric transplants from donors 
whose death is attributed to ITP [80].

�Other Etiologies

Particularly in liver transplant patients, thrombocytopenia is 
often seen prior to transplant, and generally approximately 
50% of transplant recipients develop worsening thrombocy-
topenia within 2  weeks following transplant. This acute 
decrease generally resolves within the 1st month after trans-
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plant, and if thrombocytopenia persists, another etiology 
should be sought [79, 83, 84]. Thrombocytopenia following 
liver transplant can also be attributed to residual portal 
hypertension or hypersplenism, if either of these conditions 
persist following transplant. However, it is important to 
remain vigilant to other causes particularly drug-related and 
infectious etiologies that could cause a drop in the platelet 
count.

Additionally, while case reports exist of TMA with low 
ADAMTS13 levels attributed to inhibitors present in the 
blood [85], this is not a common phenomenon, and etiologies 
of TMA mentioned previously (infectious and drug-related) 
would be much more likely.

�Treatment

In most cases, treatment of the underlying etiology of the 
thrombocytopenia will result in improvement in platelet 
counts. That may require antivirals, adjustment of the immu-
nosuppressant regimen, withdrawal of other pharmacologic 
agents such as heparin, or supportive care. Platelet transfu-
sions may be necessary if bleeding events occur or if addi-
tional procedures are necessary, but we do not recommend 
prophylactic transfusions for maintenance of the platelet 
count above a specific threshold.

TPO receptor agonists, romiplostim and eltrombopag, 
have been used in management of chronic thrombocytopenia 
due to ITP and liver disease and are being studied as a sup-
portive medication in stem cell transplantation [86]. There is 
a case report in the pediatric transplant literature where 
romiplostim was used in the peri-transplant setting, which 
resulted in a platelet-transfusion-free liver transplant [87]. 
However at this time, there is no data to support use of TPO 
agonists outside of their approved indications following 
solid organ transplant.
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