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Purpose of review

The aim of this article is to assess the current understanding

and uncertainties about the evaluation and management of

thrombotic microangiopathy that occurs following

allogeneic hematopoietic stem cell transplantation.

Recent findings

Current data may not be sufficient to establish

posttransplantation thrombotic microangiopathy as a

discrete clinical or pathologic entity, distinct from other well

recognized transplant-related complications. Analysis of

case series of posttransplantation thrombotic

microangiopathy illustrates uncertainties regarding

incidence, risk factors, diagnosis, treatment, and survival.

These studies have suggested the lack of efficacy of plasma

exchange treatment and have identified other transplant-

related complications, such as acute graft-versus-host

disease and opportunistic infections, as the predominant

causes of death in patients who had been diagnosed with

posttransplantation thrombotic microangiopathy. Recently

consensus diagnostic criteria were proposed by two

independent groups to provide more uniform identification

of patients with posttransplantation thrombotic

microangiopathy; these criteria may result in a clearer

definition of this syndrome.

Summary

Posttransplantation thrombotic microangiopathy remains a

diagnostic and therapeutic challenge. Further studies are

required to determine if it is a specific entity and to define its

relation to other transplant-related complications.
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Introduction
Posttransplantation thrombotic microangiopathy (TMA)

is a commonly reported but poorly defined clinical entity

that is often described as a specific complication of

allogeneic hematopoietic stem cell transplantation

(HSCT). There is limited evidence, however, to support

the existence of posttransplantation TMA as a distinct

clinical or pathologic entity. The clinical and laboratory

manifestations characteristically described for posttrans-

plantation TMA are not specific; other transplantation-

related complications, often co-existent in these patients,

may account for these manifestations. Accurate assess-

ment of posttransplantation TMA is difficult because the

nonspecific clinical features have resulted in extreme

variations of reported frequency following allogeneic

HSCT (0.5–64%) and mortality (0–100%) [1].

A Medline search using Ovid identified 27 articles pub-

lished in 2003–2006 that included all three phrases of

‘thrombotic microangiopathy’, ‘allogeneic’, and ‘trans-

plant’. Among these are a systematic literature review of

relevant articles published through 2003 [1], five

large single-institution cohorts of allogeneic HSCT

recipients that have been published subsequent to this

systematic review [2,3�,4��,5��,6�], a consensus report

from the Toxicity Committee of the Blood and Marrow

Transplant Clinical Trials Network (BMT CTN) [7��],

and diagnostic guidelines developed by an International

Working Group of the European Group for Blood and

Marrow Transplantation using systematic methodology

[8].

In this review we analyze these and other recent obser-

vations to provide a description of the clinical problem,

highlight existing controversies and uncertainties, and

summarize recently published reports of risk factors,

proposed diagnostic criteria, treatment approaches, and

prognosis.
production of this article is prohibited.
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Background
Posttransplantation TMA was first described by Powles

et al. in 1980 [9] and by Shulman et al. in 1981 [10] in

patients treated with cyclosporine A for the prevention of

graft-versus-host disease (GVHD) after allogeneic

HSCT. Shulman et al. reported autopsy data on three

patients that demonstrated a characteristic pattern of

renal microvascular injury with glomerular and arteriolar

thromboses, mesangial sclerosis, and severe tubulointer-

stitial disease, that was associated with renal failure,

thrombocytopenia and red cell fragmentation character-

istic of haemolytic-uremic syndrome (HUS) [10]. These

histologic abnormalities were limited to the kidneys; they

were not present in renal histology sections from the

other 55 patients who did not receive cyclosporine A [10].

Others subsequently reported the occurrence of post-

transplantation TMA among HSCT allograft recipients

who had not received cyclosporine [11] and other reports

of posttransplantation TMA have associated its occur-

rence to numerous other risk factors, including tacrolimus

[6�,12–14], high-intensity myeloablative conditioning

regimens [2], total body irradiation [11], GVHD [3�,

4��,6�,15,16], a mismatched or unrelated donor [2,15,

16], and opportunistic infections [15,17,18]. Although

posttransplantation TMA has also been described in

autograft recipients [11,19], it currently is considered

to be a complication of allogeneic HSCT.

Nomenclature and definition
Different terms have been used to describe posttransplan-

tation TMA, including posttransplantation or transplant-

associated thrombotic thrombocytopenic purpura

(TTP) [20], transplantation-associated HUS [5��],

TTP–HUS [1], TMA [4��,6�], and transplant-associated

microangiopathy [3�,8]. Posttransplantation TMA was

recently recommended by the Toxicity Committee of

the BMT CTN to distinguish it from clinical syndromes

that occur outside of the transplant setting, most impor-
opyright © Lippincott Williams & Wilkins. Unauth

Table 1 Comparison of posttransplantation thrombotic microangi

purpura

Posttransplantation TMA

Etiology Unknown

Pathology Thrombotic microangiopathy, primarily
limited to the renal microvasculature

Risk factors Female sex, acute graft-versus-host disea
unrelated or mismatched donor, and ot
transplant-related complications

Laboratory findings Microangiopathic hemolytic anemia, LDH
thrombocytopenia, creatinine " in some

Diagnosis Exclude other causes of MAHA and
thrombocytopenia

Diagnosis uncertain
Treatment Supportive care, withdraw or # calcineuri
Mortality 0–100%

LDH, lactate dehydrogenase; MAHA, Microangiopathic hemolytic anemia;
purpura
tantly classic TTP (Table 1) [7��]. This statement on

nomenclature emphasizes the importance of avoiding

the term TTP [7��], because a diagnosis of TTP

implies the requirement for urgent plasma exchange

[21��], a treatment with risks for death and major compli-

cations [22��] that may not be appropriate for patients with

posttransplantation TMA (discussed below). TMA is an

appropriate term because it describes the characteristic

renal pathology [10,16]. The histologic pattern of TMA,

however, that describes a pattern of arteriolar thrombosis

associated with intimal swelling and fibrinoid necrosis of

the vessel wall [16], is not specific; it may occur in

multiple disorders. For example, renal TMA is character-

istic of malignant hypertension, systemic sclerosis,

and autoimmune disorders such as antiphospholipid anti-

body syndrome as well as TTP and typical childhood

HUS.

Posttransplantation TMA will be the term used in this

review, with the understanding that transplantation refers

to allogeneic HSCT.

Etiology and pathogenesis
The pathogenesis of posttransplantation TMA is most

likely related to injury of microvascular endothelial cells

[23,24]. The initiating events are unknown but are likely

to be multifactorial, including drugs, radiation therapy,

high-dose chemotherapy, GVHD, and angioinvasive

fungal or viral infections. These factors, alone or in

combination, directly or indirectly through release of

cytokines such as IL-1, TNF-a, IFN-g, can initiate

events which lead to microvascular endothelial cell

damage and apoptosis, leukocyte adhesion, activation

of platelets and coagulation factors, and formation

of thrombi [24]. Unlike TTP, in which a severe

deficiency of the von-Willebrand factor-cleaving

protease, ADAMTS13 (a disintegrin and metalloprotease

with thrombospondin-1-like domains), leads to the
orized reproduction of this article is prohibited.

opathy and idiopathic, acquired thrombotic thrombocytopenic

Idiopathic acquired TTP

ADAMTS13 deficiency in many patients,
caused by anti-ADAMTS13 autoantibodies

Systemic thrombotic microangiopathy

se,
her

Female sex, black race

", Microangiopathic hemolytic anemia, LDH ",
thrombocytopenia, creatinine " in some

Exclude other causes of MAHA and
thrombocytopenia

Diagnosis may be uncertain
n inhibitors Plasma exchange, immunosuppressive agents

15–20%

TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic
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presence of ultra-large multimers of von Willebrand

factor and systemic platelet agglutination (Table 1)

[21��,25], multiple studies have failed to document a

severe deficiency of ADAMTS13 activity in patients with

posttransplantation TMA [20,26,27�].

Risk factors
A systematic literature review published in 2004 identi-

fied all articles that contained at least five patients who

had undergone allogeneic HSCT with at least one

patient who had been diagnosed with posttransplanta-

tion TMA [1]. Thirty-five articles were identified which

included a total of 5423 allogeneic HSCT recipients, of

whom 447 (8.2%) were diagnosed with posttransplanta-

tion TMA [1]. Female sex, advanced or refractory dis-

ease for which the transplant was done, an unrelated

donor, acute GVHD, and systemic infections were risk

factors that were each identified in at least two articles.

For all risk factors except female sex, however, there

were other articles that specifically reported a lack of

correlation with the diagnosis of posttransplantation

TMA [1]. The results of these different studies, how-

ever, may not be comparable since they used many

different diagnostic criteria for posttransplantation

TMA.
opyright © Lippincott Williams & Wilkins. Unautho

Table 2 Case series of posttransplantation thrombotic microangio

Case series
TMA

patients
Incidence (total
HSCT patients)

Diagnostic
criteria

Hahn, 2004 (USA [2]) 19 8% (238) Schistocytosis
No DIC

Thrombocytopenia

" LDH
Martinez, 2005

(Switzerland [3�])
68 31% (221) Occurrence in firs

100 days of
Schistocytosis

" LDH
" Bilirubin
# Hemoglobin

Cutler, 2005 (USA [4��]) 21 6% (327) "Creatinine
Schistocytosis
" LDH
No DIC

Hale, 2005 (USA [5��]) 28 10% (293) Hemolytic anemia
Thrombocytopenia
Renal failure

Nakamae, 2006
(Japan [6�])

22 18% (123) Fragmented red c

" LDH

And �2 of the fol
Hemolysis
Thrombocytopenia
Renal dysfunction
Neurologic dysfun
Fever

TMA, thrombotic microangiopathy; HSCT, hematopoietic stem cell trans
dehydrogenase; GVHD, graft-versus-host disease; ATG, antithymocyte glob
Five subsequent retrospective case–control studies have

used multivariate analysis for identification of risk factors

associated with posttransplantation TMA (Table 2). All

reports were single-institution cohorts of consecutive

patients who had undergone allogeneic HSCT,

analyzed retrospectively for incidence, risk factors,

and outcome of TMA. All risk factor assessments were

based on multivariate analyses. In the study by Cutler

et al. [4��] more subjects in the sirolimus group had

received peripheral blood stem cells (P< 0.01) and had

unrelated donors (P< 0.01) than the non-sirolimus group.

The study by Hale et al. [5��] was a pediatric series (median

age, 9.7 years; range, 0.08–24.1 years); antithymocyte

globulin was given only to those children who received

marrow from unrelated or mismatched family donors. The

reports by Martinez et al. [3�] and Hale et al. [5��] did not

explicitly describe treatment of their patients with plasma

exchange; therefore it was assumed that no patients

were treated with plasma exchange. Acute GVHD (grades

II–IV) [3�,4��,6�] and an unrelated or HLA-mismatched

donor [2,3�] were identified in three and two of these

reports as risk factors, respectively. One report of

327 patients who had undergone allogeneic HSCT

reported that only exposure to sirolimus, a novel immu-

nosuppressive agent, and acute GVHD (grades II–IV)
rized reproduction of this article is prohibited.

pathy 2004–2006

Risk factors

Patients treated
with plasma
exchange Survival

Methylprednisolone 19 0%
T cell depletion of donor

marrow
High-intensity myeloablative

conditioning regimens
Unrelated donor

t Acute GVHD, grades III– IV 0 35%

Unrelated or mismatched
relative donor

Older age
Female sex
ABO incompatibility
Acute GVHD, grades II– IV 3 38%

Use of sirolimus

ATG in conditioning regimen 0 79%

Cytomegalovirus
seronegative recipient

ells Acute GVHD, grades II– IV 2 14%

Use of tacrolimus
lowing: Use of high-dose busulphan

(16 mg/kg)

ction

plantation; DIC, disseminated intravascular coagulation; LDH, lactate
ulin.
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were associated with occurrence of posttransplantation

TMA in regression analysis [4��]. Sirolimus-exposed

patients developed TMA earlier than nonsirolimus-

exposed patients and had a better prognosis [4��].

The association of posttransplantation TMA with risk

factors for transplant-related complications, such as an

unrelated donor or donor-recipient HLA-mismatch, and

also with the complications themselves [15], suggests that

at least in some patients posttransplantation TMA may

be merely a manifestation of other serious posttransplant

complications, such as severe GVHD and systemic infec-

tion [15]. In fact, severe GVHD and systemic infection

are the most commonly reported causes of death among

patients diagnosed with posttransplantation TMA

[1,2,4��].

Pathology
Despite the high mortality rate associated with post-

transplantation TMA, there are no published reports of

systematic postmortem examination in a consecutive

group of clinically diagnosed patients. Lack of patho-

logic studies, in addition to the nonspecific clinical

manifestations of posttransplantation TMA, is a critical

gap in our current knowledge. In our systematic

literature review, which included all published autopsy

reports, postmortem examinations were identified for

only 35 patients, most of which were very brief descrip-

tions, only one or two sentences per patient for 18 of

the 35 patients [1]. In 19 patients, arteriolar or capillary

thrombi were described in the kidneys, with only two

patients showing extra-renal fibrin thrombi in one organ

each. Reports of 11 autopsies explicitly stated that

there was no evidence of TMA [1]. Systemic micro-

thrombi have not been described in any patient with

posttransplantation TMA [1]. This is in contrast to

classic TTP, which is characteristically associated with

systemic microvascular platelet-rich thrombi (Table 1)

[21��].

We have recently performed a retrospective analysis of all

consecutive patients who had died after allogeneic

HSCT at our institution and were autopsied over a 12-

year period [28] (also, K. Siami, personal communi-

cation). From a total of 21 patients autopsied, seven

had undergone plasma exchange treatment for clinically

diagnosed posttransplantation TMA. There was a signifi-

cant correlation between the clinical diagnosis of post-

transplantation TMA and histologic evidence of TMA. In

all patients with histologic evidence of TMA, the kidney

was extensively involved. In most patients TMA was

limited to the kidney [28] (also, K. Siami, personal

communication). These data, demonstrating a correlation

between the clinical and pathologic features of TMA,

suggest that posttransplantation TMA is a specific entity

and identify it as a process predominantly limited to the
opyright © Lippincott Williams & Wilkins. Unauth
renal microvasculature. These results are consistent with

previous reports that have identified kidney as the pre-

dominantly or solely involved organ in posttransplanta-

tion TMA [1,10]. These data contrast to the systemic and

widespread microthrombi in classic TTP (Table 1)

[21��].

Diagnosis
There are no specific clinical features or laboratory

abnormalities that define posttransplantation TMA.

Patients diagnosed with posttransplantation TMA often

have multiorgan failure attributed to complications of

allogeneic HSCT. Microangiopathic hemolytic anemia

(MAHA), characterized by red blood cell fragmentation

(schistocytes), elevated serum lactate dehydrogenase

(LDH), thrombocytopenia, and abnormal renal function

are commonly reported laboratory findings. Dissemi-

nated intravascular coagulation should be excluded as

a cause of MAHA and thrombocytopenia. The clinical

significance of anemia and thrombocytopenia, however,

is difficult to assess because they are almost universally

present following allogeneic HSCT due to other more

common causes, such as myelosuppressive therapy

(chemotherapy, irradiation), delayed engraftment, and

GVHD. The presence of schistocytes may be more

specific for TMA, but schistocytes occur in almost all

patients following allogeneic HSCT [29] and in associ-

ation with other transplant-related complications [30]

and therefore may also be an unreliable diagnostic

criterion. It is important to emphasize that systemic

infections, such as those caused by aspergillus or cyto-

megalovirus, can mimic all clinical features of TMA

[31,32].

Published diagnostic criteria for posttransplantation

TMA are extremely variable. In our systematic review,

28 different sets of diagnostic criteria were used in 35

studies [1]. Of 19 different individual criteria, RBC

fragmentation and elevated serum LDH were the two

most commonly cited, in 31 and 25 articles respectively

[1].

Recently, the Toxicity Committee of the BMT CTN has

proposed diagnostic criteria for posttransplantation TMA,

as an attempt to standardize diagnosis and reporting

(Table 3) [7��]. An International Working Group of the

European Group for Blood and Marrow Transplantation

has also published diagnostic criteria for posttransplanta-

tion TMA based on a methodology which assessed

sensitivity and specificity of different sets of diagnostic

criteria against preestablished diagnoses of 16 patient

profiles [8]. These consensus criteria will be important

to provide greater consistency of patients diagnosed with

posttransplantation TMA in different case series. In spite

of these important efforts to standardize diagnostic

criteria for posttransplantation TMA, however, it is the
orized reproduction of this article is prohibited.
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Table 3 Consensus criteria for the definition and diagnosis of posttransplantation thrombotic microangiopathy

Criteria of the Blood and Marrow Transplant Clinical Trials
Network of the National Heart Lung and Blood Institute

Criteria of the International Working Group of the
European Group for Blood and Marrow Transplantation

1. Red cell fragmentation and �2 schistocytes
per high power field on peripheral smear

1. > 4% schistocytes

2. Concurrent increased serum LDH above institutional
baseline

2. De novo, prolonged or progressive thrombocytopenia
(platelet count <50 000/ml or �50% reduction from
previous counts)

3. Concurrent renal and/or neurologic dysfunction
without other explanations

3. Sudden and persistent increase in LDH

4. Negative direct Coombs’ test results 4. Decrease in hemoglobin concentration or increased
transfusion requirement

5. Decrease in serum haptoglobin

LDH, lactate dehydrogenase.
impression of many hematologists that the clinical diag-

nosis is always uncertain.

Management
Patients who have clinical and laboratory manifestations

suggesting posttransplantation TMA are typically criti-

cally ill with multiple complications of allogeneic HSCT,

such as acute GVHD and sepsis. If posttransplantation

TMA is diagnosed, management is supportive while other

transplant-associated complications are aggressively

treated. Since cyclosporine [10,33,34], tacrolimus

[6�,12–14] and sirolimus [4��] have all been reported to

be risk factors for the occurrence of posttransplantation

TMA, withdrawal or decreasing the dose of these drugs is

suggested as the first step in the treatment of these patients

[7��]. The decision to withdraw or to decrease the dose of

these drugs can be difficult since most of these patients also

suffer from severe acute GVHD, which may contribute to

the signs suggesting posttransplantation TMA and is a

common cause of death [3�,4��,6�]. Glucocorticoids and

antithymocyte globulin are potential alternative therapies

for concurrent acute or chronic GVHD.

Although plasma exchange is the established, effective

treatment for TTP (Table 1) [21��,35], recent reports

(Table 2) suggest that plasma exchange does not affect

survival of patients diagnosed with posttransplantation

TMA. In the series by Hahn et al. [2], all patients with

posttransplantation TMA were treated with daily or

every-other-day plasma exchange; although responses

were reported, all patients eventually died [2]. The most

commonly reported cause of death was infection [2]. In

two case series that treated three of 21 patients [4��] and

two of 22 patients [6�] with plasma exchange, it was not

considered to be effective. In the remaining two case

series described in Table 2, plasma exchange treatment

was not mentioned [3�,5��]. These recent observations

and previous case series [1] that failed to observe efficacy

of plasma exchange are consistent with a recent review

that described plasma exchange for posttransplantation

TMA as experimental [36]. These data provide the basis

for the current consensus statement that universal use of
opyright © Lippincott Williams & Wilkins. Unautho
plasma exchange for posttransplantation TMA is not

standard of care [7��].

The uncertain efficacy of plasma exchange for posttrans-

plantation TMA contrasts with the certain serious risks of

this procedure. In a cohort study of 206 consecutive

patients treated with plasma exchange treatment for

TTP [22��], five patients died (three from complications

of central venous catheter insertion; two from central

venous catheter-related sepsis) and 53 (26%) patients

had major nonfatal complications. Therefore it seems

prudent to withhold plasma exchange in treatment of

posttransplantation TMA.

It is important to note that among the patients who died

after a diagnosis of posttransplantation TMA and for

whom the cause of death was reported, TMA is rarely

considered as a contributing cause of death. In our

systematic review, infection was reported as the cause

of death for 19 of 35 patients, whereas TMA was

reported as a cause of death for only three of 35 patients

[1]. In the four recent case series described in Table 2 in

which causes of death were described, TMA was

reported as contributing to or causing death among

two of 13 (15%) [4��], none of six (0%) [5��], four of

nineteen (21%) [6�], and one of 19 (5%) patients [2].

These observations further support the practice of with-

holding plasma exchange in the treatment of posttrans-

plantation TMA, and emphasize the importance of

aggressive treatment of co-existent transplant-related

complications.

Prognosis
The prognosis of patients diagnosed with posttransplanta-

tion TMA is usually reported to be poor, but there is

extreme variation among case series. The median survival

among the reports described in our systematic literature

review was 39%, but the range was extreme, from 0 to

100% [1]. Excluding the childhood series reported by Hale

et al., in which 79% of children survived [5��], only 27% of

the 909 patients in the other four reports presented in

Table 2 survived [2,3�,4��,6�].
rized reproduction of this article is prohibited.
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Conclusion
Posttransplantation TMA is a severe complication

following allogeneic HSCT. The pathologic features

are essentially limited to the kidneys. It occurs more

frequently in patients with high risks for complications

and in patients who actually experience severe trans-

plant-related complications. Current recommended

management is to provide supportive care and decrease

or discontinue calcineurin inhibitor therapy.
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