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Background and objectives: Thrombotic microangiopathy (TMA) is a known complication of hematopoietic cell transplantation (HCT). The etiology and diagnosis of TMA in this patient population is often difficult because thrombocytopenia,
microangiopathic hemolytic anemia, and kidney injury occur frequently in HCT recipients, and are the result of a variety of
insults.
Design, setting, participants & measurements: The authors reviewed renal pathology and clinical data from HCT patients
to determine the prevalence of TMA and to identify correlative factors for developing TMA in the kidney. Kidney tissue was
evaluated from 314 consecutive autopsies on patients who died after their first HCT (received between 1992 and 1999). Renal
pathology was classified into three groups: (1) no renal thrombus (65%), (2) TMA (20%), and (3) isolated thrombosis (15%).
Logistic regression models estimated the associations between each histologic category and clinical parameters: donor and
recipient gender, patient age, human leukocyte antigen (HLA) matching of the donor and recipient, total body irradiation
(TBI), acute graft versus host disease (GVHD), acute kidney injury, medications, and viral infections.
Results: In a multivariate analysis, TMA correlated with acute GVHD grades II to IV, followed by female recipient/male
donor, TBI > 1200 cGy, and adenovirus infection. Grades II to IV acute GVHD and female gender were associated with
isolated renal thrombus.
Conclusions: TMA in HCT recipients is associated with acute GVHD grades II to IV, recipient/donor mismatch, TBI > 1200
cGy, and adenovirus infection.
Clin J Am Soc Nephrol 4: 345–353, 2009. doi: 10.2215/CJN.02070508

T

hrombotic microangiopathy (TMA) encompasses a
spectrum of clinical diseases characterized by systemic
or intrarenal platelet aggregation, thrombocytopenia,
and microvascular fragmentation of erythrocytes, resulting in
ischemic organ injury. Endothelial damage is thought to represent the inciting factor in TMA syndromes (1). Once the endothelium is damaged, loss of endothelial resistance to thrombus
formation, leukocyte adhesion, and increased vascular sheer
stress ensues and may augment and perpetuate the injury (2).
Although abnormalities in von Willebrand factor and complement pathways have also been associated with inherited and
recurrent forms of TMA (2), they have not been found in
patients who developed TMA after hematopoietic cell transplant (HCT) (3).
The incidence of TMA syndromes in the setting of HCT
ranges between 2% and 21% (4 – 6). Renal biopsy specimens are
difficult to obtain immediately after HCT, and therefore much
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of the literature on TMA has relied on clinical and laboratory
features alone. However, it is difficult to establish the diagnosis
of TMA in HCT patients by clinical and laboratory features
alone because anemia, thrombocytopenia, and elevations in
lactate dehydrogenase (LDH) and creatinine occur frequently
because of delayed engraftment, infections, medications, or
graft versus host disease (GVHD). Clinical manifestations of
TMA range from a fulminant presentation associated with severe acute renal failure and death to a more common, indolent
course resulting in the eventual development of chronic kidney
disease. In many cases, elevations in serum creatinine may not
occur until late in the disease process despite endothelial injury
in the kidney, and therefore the diagnosis may be delayed or
missed. We hypothesize that renal endothelial injury, consistent with TMA, exists in the absence of a clinical diagnosis of
TMA and that this early injury may set the stage for progression to chronic kidney disease. In this study, we examined the
renal pathology and clinical data from HCT patients to more
accurately identify the prevalence of and risk factors for the
development of TMA in the kidney.

Materials and Methods
Patient Selection
Patients who received their first HCT at the Fred Hutchinson Cancer
Research Center (FHCRC) during 1992 to 1999, died any time after HCT
ISSN: 1555-9041/402–0345
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and were autopsied at FHCRC and had kidney tissue available were
included in the study. The study was performed in accordance with a
protocol approved by the FHCRC institutional review board.

Histologic Methods and Definitions of TMA
Renal pathology from 322 patients was reviewed by a renal pathologist (S.C.) who was blind to the clinical information of each case. All
positive cases and a sample of negative cases were reviewed by a
second renal pathologist (C.E.A.). Two sections of renal tissue from
each patient, one stained with hematoxylin-eosin and a second stained
with periodic-acid Schiff, were reviewed. Renal histologic findings
were classified into three groups: (1) no renal thrombosis; (2) typical
TMA morphology which includes fibrin thrombi within glomeruli and
mesangiolysis, and/or thrombosis involving arterioles or interlobular
arteries in conjunction with characteristic intimal swelling in these
vessels of the subendothelium and occlusion of capillary loops (Figure
1); and (3) isolated thrombosis, defined as a single glomerular or
vascular thrombus without typical TMA morphology (Figure 2).
We defined clinical evidence of TMA in two ways to investigate the
relationship between clinical parameters in the two weeks before death
and histologic findings at death. Definition 1 is hematocrit ⬍ 30, platelet
count ⬍ 100,000, LDH above the upper limits of normal, and a 50%
increase in the baseline serum creatinine, in a single day’s measurements. Definition 2 is hematocrit ⬍ 30, platelet count ⬍ 100,000, LDH
above the upper limits of normal, and a 50% increase in the serum
baseline creatinine, each occurring at least once over the two weeks’
measurements. LDH upper limits of normal are defined as LDH ⬎ 425
U/L if less than 10 yr of age, LDH ⬎ 350 if age 10 to 15 yr old, and
LDH ⬎ 250 if 15 yr or older. Medical charts were reviewed before death
to determine whether the patients carried a clinical diagnosis or suspicion of TMA. Autopsy reports were reviewed to determine the cause of
death.

Statistical Analyses
We defined two outcomes for regression analysis of risk factors for
the development of TMA: frequency of typical TMA morphology compared with no renal thrombosis, and frequency of isolated thrombus
compared with no renal thrombosis. Logistic regression models were

Figure 2. Glomerulus showing isolated intracapillary thrombus
but with otherwise normal glomerular tuft architecture. Periodic-acid Schiff stain at 40⫻ magnification.

applied to estimate the associations between each of these outcomes
and the following pretransplant clinical parameters: donor and recipient gender, patient age (continuous variable), HLA matching of the
donor and recipient, TBI exposure, and the post-transplant occurrence
of acute GVHD, administration of medications (acyclovir, amphotericin
B, cyclosporine, and tacrolimus), viral infection (adenovirus [ADV],
herpes simplex, varicella–zoster, and cytomegalovirus [CMV]), and
acute kidney injury (AKI). Transplants were classified as match related
when the recipient and donor shared a complete haplotype for HLA,
and as mismatch related when the donor and recipient did not match
on only one HLA antigen, (A, B, or DR). Acute GVHD was graded
according to standard clinical criteria (7) and categorized for the models as no acute GVHD or grade I, acute GVHD grades II to IV, or
autologous graft. AKI was defined as a tripling of baseline serum
creatinine in the first 100 d after transplantation. Maximum total serum
bilirubin and serum creatinine levels, bacteremia, fungal infection,
intubation, and dialysis in the 14 d before death were also considered
as potential predictors of renal thrombosis. A secondary analysis was
performed in the subset of 196 patients who received allogeneic transplants and for whom cyclosporine data were available to determine
whether cyclosporine dose was associated with the development of
TMA. Cumulative cyclosporine dose from the time of transplant to
death, expressed as an average dose per day alive divided into quartiles
(0 to 99 mg, 100 to 167 mg, 168 to 279 mg, and 280 to 2295 mg), was
included as a covariate for this subset analysis. The distributions of
cyclosporine total dose and dose per day were compared across renal
pathology groups via t test. Only 13 patients received tacrolimus alone
for GVHD prophylaxis. Those factors with P ⱕ 0.1 in univariate analysis were candidates for the multivariable regression model.

Results

Figure 1. Thrombotic microangiopathy involving a glomerulus.
There are multiple thrombi in capillary loops, (arrows), segmental mesangiolysis(double arrows) and duplication of basement membranes in some capillary loops (arrowheads). Periodic-acid Schiff stain at 40⫻ magnification.

Demographic data and variables identified as potential risk
factors for development of TMA or an isolated thrombus are
presented in Table 1. The mean age of the cohort was 42.7 yr,
with a range of 6 mo to 68 yr. Sixty-four percent of patients
received TBI as part of their conditioning regimen before transplant. Sixty-five percent of patients developed acute GVHD
grades II to IV after transplant. Forty-one percent of patients
developed AKI after transplant, and the mean serum creatinine
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Table 1. Patient and transplant characteristics of the
study cohort (N ⫽ 314)
Factor

Number (%)

Baseline characteristics
age in years (median & range)
42.7 (0.6 to 67.8)
diagnosis
hematologic malignancies
160 (51%)
myelodysplastic syndrome
48 (15%)
lymphoma
43 (14%)
multiple myeloma
28 (9%)
aplastic anemia
11(3.5%)
other
24(7.5%)
patient/donor gender
male/male
129 (41)
male/female
62 (20)
female/female
75 (24)
female/male
48 (15)
Donor type
related-matched
106 (34)
related-mismatched
44 (14)
unrelated
115 (37)
autologous/id twin
49 (15)
TBI conditioning (cGy)
none
115 (37)
ⱕ 1200
78 (25)
⬎ 1200
121 (38)
Post-transplant features
acute GVHD grade
0, I
58 (18)
II
55 (18)
III
85 (27)
IV
61 (19)
autologous/syngeneic
49 (16)
missing
6 (2)
incidence of infection
adenovirus
52 (17)
cytomegalovirus
63 (20)
herpes simplex virus
58 (18)
varicella virus
11 (4)
received acyclovir
246 (81)
received amphotericin
209 (67)
Acute kidney injury 2 wk before
128 (41)
death
incidence of infection
bacterial
103 (33)
fungal
35 (11)
incidence of dialysis
82 (26)
incidence of intubation
119 (38)
mean total serum bilirubin (mg/ 4.9 (0.4 to 59.6)
dl, median & range)
mean serum creatinine (mg/dl,
1.56 (0.27 to 5.79)
median & range)
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in the two weeks before death was 1.56 mg/dl. Fifty-nine
percent of patients developed a viral infection, 33% a bacterial
infection, and 11% a fungal infection after transplant and before
death.
Patients with negative histology developed AKI at a median
of 15 d post-HCT (range 1 to 74), whereas patients with histologic evidence of TMA or an isolated thrombosis developed
AKI later, at a median of 32 d (range 0 to 100) and 27 d (range
7 to 95) post-HCT, respectively. Twenty-six percent of all patients required dialysis during the two weeks before death.

Renal Histopathology in the Study Cohort
Two hundred three patients (65%) had no evidence of renal
TMA at autopsy; 64 (20%) had evidence of TMA, and most of
these had evidence of mesangiolysis; and 47 (15%) had an
isolated thrombus noted. Eight patients were excluded from the
analysis after review of their renal pathology because the findings could not be classified into one of the three diagnostic
categories (six showed aspergillus nephritis, one adenovirus
nephritis, and one severe TMA with fibrosis). The study cohort
survived for a median number of 43 d after transplantation,
with a range of 1 to 720 d. The survival time was similar for the
allogeneic and autologous transplant recipients. The median
survival time after transplant was shorter in the negative histology group (35 d) compared with the TMA group (59 d) and
the isolated thrombosis group (52 d). The main causes of death
and numbers of patients were: multiorgan failure (45); infection
(70); SOS (30); pulmonary complications (111); GVHD (52);
cardiac (19); cerebral hemorrhage (18), and recurrent disease
(7). The majority of patients died from combinations of the
above complications.

Relation of Histologic Findings to Clinical Variables
The frequency of the histologic findings of TMA and isolated
thrombi for each putative risk factor is shown in Table 2, along
with the univariate odds ratios for each type of renal thrombotic histology relative to negative thrombotic pathology. On
the basis of univariate P values, the candidate factors for the
multivariable model of TMA were patient age, patient/donor
sex mismatch, donor type, TBI, acute GVHD, incidence of ADV
and CMV infection, and AKI. In the multivariable analysis
comparing histologic evidence of TMA versus no renal thrombus groups, a female patient–male donor sex match compared
with other combinations, TBI ⬎ 1200 cGy compared with none,
ADV infection, and acute GVHD grades II to IV (compared
with grades 0 or I) were each associated with an increased risk
of renal TMA at autopsy (Table 3).
The candidate predictors for the multivariable model of an
isolated renal thrombus were patient gender, donor type, acute
GVHD, and incidence of CMV. Acute GVHD grades II to IV,
compared with 0 or I (odds ratio [OR] ⫽ 4.7, 95% confidence
interval [CI,] 1.6 to 14.1), and female gender (OR ⫽ 2.4, 95% CI,
1.2 to 4.8) were associated with an increased risk of having an
isolated renal thrombus compared with having no renal pathology (Table 4).
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Table 2. Univariate odds ratios with 95% confidence intervals comparing each histologic type to kidneys with no
evidence of thrombosis or TMA in the kidney at autopsy
Negative (n ⫽ 203)
Factor

Baseline characteristics
patient/donor
gender
male/male
male/ female
female/female
female/male
donor type
related-matched
relatedmismatched
unrelated
autologous/id
twin
TBI conditioning
(cGy)
none
200 to 1200
1240 to 1350
⬎ 1350
agea
Post-transplant features
acute GVHD grade
0, I
II to IV
autologous/ id
twin
ADV infection
no
yes
CMV infection
no
yes
HSV infection
no
yes
varicella virus
infection
no
yes
received acyclovir
No
Yes
received
amphotericin
no
yes
acute kidney injury
no
yes

Isolated renal thrombosis (n ⫽ 47)
OR (95% CI)

TMA (n ⫽ 64)

N (%)

N (%)

86 (42)
44 (22)
51 (25)
22 (11)

16 (34)
8 (17)
13 (28)
10 (21)

1.0
1.0 (0.4 to 2.5)
1.4 (0.6 to 3.1)
2.4 (1.0 to 6.1)

27 (42)
10 (16)
11 (17)
16 (25)

1.0
0.7 (0.3 to 1.6)
0.7 (0.3 to 1.5)
2.3 (1.1 to 5.0)

63 (31)
26 (13)

21 (45)
9 (19)

1.0
1.0 (0.4 to 2.6)

22 (34)
9 (14)

1.0
1.0 (0.4 to 2.4)

70 (34)
44 (22)

14 (30)
3 (6)

0.6 (0.3 to 1.3)
0.2 (0.1 to 0.7)

31 (48)
2 (3)

1.3 (0.7 to 2.4)
0.1 (0.03 to 0.6)

84 (41)
53 (26)
54 (27)
12 (6)
Median (range)
43.1 (0.6 to 67.1)

16 (34)
9 (19)
13 (28)
9 (19)
Median (range)
46.4 (0.9 to 67.8)

1.0
0.9 (0.4 to 2.2)
1.3 (0.6 to 2.8)
3.9 (1.4 to 10.9)

48 (24)
109 (54)
44 (22)

N (%)

OR (95% CI)

1.0
1.7 (0.8 to 3.7)
2.8 (1.4 to 5.7)
2.8 (0.9 to 8.6)

1.1 (0.9 to 1.4)

15 (23)
16 (25)
27 (42)
6 (9)
Median (range)
37.3 (1.3 to 67.1)

4 (9)
39 (85)
3 (7)

1.0
4.3 (1.5 to 12.7)
0.8 (0.2 to 3.9)

6 (10)
53 (87)
2 (3)

1.0
3.9 (1.6 to 9.7)
0.4 (0.1 to 1.9)

174 (86)
29 (14)

39 (83)
8 (17)

1.0
1.2 (0.5 to 2.9)

49 (77)
15 (23)

1.0
1.8 (0.9 to 3.7)

171 (84)
32 (16)

34 (72)
13 (28)

1.0
2.0 (1.0 to 4.3)

46 (72)
18 (28)

1.0
2.1 (1.1 to 4.1)

164 (81)
39 (19)

37 (79)
10 (21)

1.0
1.1 (0.5 to 2.5)

55 (86)
9 (14)

1.0
0.7 (0.3 to 1.5)

197 (97)
6 (3)

46 (98)
1 (2)

1.0
0.7 (0.1 to 6.1)

60 (94)
4 (6)

1.0
2.2 (0.6 to 8.0)

39 (20)
159 (80)

10 (22)
36 (78)

1.0
0.9 (0.4 to 1.9)

10 (16)
51 (84)

1.0
1.3 (0.6 to 2.7)

72 (35)
131 (65)

16 (34)
31 (66)

1.0
1.1 (0.5 to 2.1)

17 (27)
47 (73)

1.0
1.5 (0.8 to 2.8)

122 (60)
81 (40)

34 (72)
13 (28)

1.0
0.6 (0.3 to 1.2)

30 (47)
34 (53)

1.0
1.7 (1.0 to 3.0)

0.8 (0.7 to 1.0)
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Table 2. Univariate odds ratios with 95% confidence intervals comparing each histologic type to kidneys with no
evidence of thrombosis or TMA in the kidney at autopsy (Continued)
Negative (n ⫽ 203)
Factor

Two weeks before
death
Bacterial infection
no
yes
fungal infection
no
yes
incidence of dialysis
no
yes
incidence of
intubation
no
yes
mean bilirubinb
mean serum
creatinine
a

Isolated renal thrombosis (n ⫽ 47)

N (%)

N (%)

TMA (n ⫽ 64)

OR (95% CI)

N (%)

OR (95% CI)

133 (66)
70 (34)

30 (64)
17 (36)

1.0
1.1 (0.6 to 2.1)

48 (75)
16 (25)

1.0
0.6 (0.3 to 1.2)

176 (87)
27 (13)

44 (94)
3 (6)

1.0
0.4 (0.1 to 1.5)

59 (92)
5 (8)

1.0
0.6 (0.2 to 1.5)

152 (75)
51 (25)

34 (72)
13 (28)

1.0
1.1 (0.6 to 2.3)

46 (72)
18 (28)

1.0
1.2 (0.6 to 2.2)

122 (60)
81 (40)
Median (range)
4.8 (0.4 to 59.6)
1.52 (0.40 to 5.79)

30 (64)
17 (36)
Median (range)
5.4 (0.6 to 43.8)
1.56 (0.27 to 4.57)

1.0
0.9 (0.4 to 1.6)

43 (67)
21 (33)
Median (range)
5.5 (0.5 to 52.1)
1.67 (0.55 to 4.74)

1.0
0.7 (0.4 to 1.3)

1.1 (0.8 to 1.5)
0.9 (0.7 to 1.2)

1.1 (0.8 to 1.4)
1.1 (0.9 to 1.4)

Estimate represents the ratio of odds for two patients, one 10 yr older than the other at transplant.
Estimate represents the ratio of odds for two patients, one with mean bilirubin 10 points higher than the other.

b

Table 3. Multivariable odds ratios (ORs) of TMA
histology with 95% confidence intervals (CIs)
compared to no evidence of TMA or renal thrombosis
(n ⫽ 262)
Factor

Patient/donor gender
other
female/male
TBI conditioning (cGy)
none
ⱕ 1200
⬎ 1200
Acute GVHD grade
0, I
II to IV
Autologous/id twin
Adenovirus infection
No
Yes

OR

95% CI

P

1.0
2.7

—
1.2 to 6.1

—
0.01

1.0
1.8
2.2

—
0.8 to 4.1
1.0 to 4.7

—
0.19
0.04

1.0
3.9
0.6

—
1.5 to 9.9
0.1 to 3.2

—
0.005
0.52

1.0
2.3

—
1.0 to 5.0

—
0.04

Table 4. Multivariable odds ratios of isolated renal
thrombosis with 95% confidence intervals compared to
no evidence of TMA (n ⫽ 47)
Factor

Patient gender
male
female
Acute GVHD grade
0, I
II to IV
autologous/id twin

OR

95% CI

P

1.0
2.4

—
1.2 to 4.8

—
0.01

1.0
4.7
0.7

—
1.6 to 14.1
0.1 to 3.4

–
0.006
0.66

group, but not significantly so (Table 5). The results of subset
analyses of 196 allogeneic transplant recipients were similar to
those of the complete cohort (Table 6). The average daily dose
of cyclosporine was not associated with the presence of isolated
thrombus or TMA, whether or not the model was adjusted for
acute GVHD.

Renal TMA Histology and Clinical Diagnosis
Subset Analysis: Allograft Recipients
The incidence of cyclosporine use was consistent across renal
pathology groups. The median cumulative cyclosporine dose
from the time of transplant until the time of death was larger in
the TMA group as compared with the negative pathology

Of the 314 patients in the cohort, 119 (38%) had at least one
measurement of each of these parameters in the 14-d period
before death (Table 7). Among these 119 patients, the histologic
evidence of TMA in the kidney did not correlate with the
laboratory evidence of AKI in the two weeks before death.
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Table 5. Incidence of cyclosporine use and dose by renal pathology in allogeneic transplant recipients (n ⫽ 196)
Pathology finding

Negative
TMA
Isolated
a

n

Any CSA (n, %)

Median cumulative dose (mg)

Median dose per day (mg)a

144
55
40

133 (92)
53 (96)
38 (95)

4706
13990
6975

161
176
174

Calculated as the cumulative dose divided by number of days alive post-transplant.

Table 7. Frequency of abnormal laboratory values and
chart findings suggestive of TMA by renal pathology

Table 6. Multivariable odds ratios (ORs) of TMA
pathology with 95% confidence intervals (CIs) in
allogeneic transplant recipients compared to no
evidence of TMA or renal thrombus (n ⫽ 196)
Factor

Patient/donor sex
other
female/male
TBI conditioning (cGy)
none
ⱕ 1200
⬎ 1200
CSA dose per day (mg)
quartile 1 (0 to 99)
quartile 2 (100 to 167)
quartile 3 (168 to 279)
quartile 4 (280 to 2295)
Acute GVHD grade
0, I
II to IV
Adenovirus infection
no
yes

Finding

OR

95% CI

P

1.0
2.8

—
1.2 to 6.7

—
0.02

1.0
1.8
2.6

—
0.7 to 4.7
1.1 to 6.2

—
0.24
0.02

1.0
1.0
1.4
0.9

—
0.4 to 2.8
0.5 to 3.7
0.3 to 2.4

—
0.95
0.47
0.83

1.0
3.4

—
1.3 to 8.8

—
0.01

1.0
2.8

—
1.2 to 6.8

—
0.02

Although the presence of serologic abnormalities is greater in
patients with either TMA or isolated thrombosis as opposed to
negative pathology, none of these differences was statistically
significant. Patients were further classified as having a diagnosis or suspicion of clinical TMA in their charts or no mention of
it before death (Table 7). In the positive histology group, a
clinical diagnosis or suspicion of TMA correlated with the
presence of histologic evidence of TMA in the kidney compared
with the negative histology group (35.5% versus 4.5%, Fisher’s
exact test P ⬍ 0.001), but not with the isolated thrombosis
group (6.4%). A clinical diagnosis or suspicion of TMA was also
associated with laboratory criteria for TMA on the basis of
definition 2 (Fisher’s exact test P ⫽ 0.03).

Discussion
We found that acute GVHD grades II to IV, patient– donor
sex mismatch (female patient and male donor), TBI ⬎ 1200 cGY,
and ADV infection were associated with an increased risk of
TMA in the kidney at autopsy. Our findings are similar to those
of studies of TMA based on clinical criteria alone (8 –10). The
frequency of TMA in this cohort of patients was 20% compared

Pathology
negative
TMA
Isolated
Chart
negative
positive

N

Definition 1
(n, %)a

Definition 2
(n, %)b

71
30
18

18 (25)
11 (37)
6 (33)

39 (55)
22 (73)
14 (78)

99
16

27 (27)
8 (50)

58 (59)
14 (88)

Definition 1: hematocrit ⬍ 30, platelet count ⬍ 100,000,
LDH above the upper limits of normal and a 50% increase in
the baseline serum creatinine, in a single day’s
measurements.
b
Definition 2: hematocrit ⬍ 30, platelet count ⬍ 100,000,
LDH above the upper limits of normal, and a 50% increase in
the serum baseline creatinine, each occurring at least once
over the 2 wk measurements.
a

with a frequency of 0.5% to 63.6% reported in the literature,
whether defined solely by clinical criteria or by histology as in
this cohort (11). Our data suggest, however, that there is little
correlation between TMA as diagnosed by clinical criteria and
histologic evidence of TMA in the kidney.
Although calcineurin inhibitors such as cyclosporine are frequently implicated as the cause of TMA in patients after transplant, cyclosporine use did not contribute to histologic evidence of TMA in this cohort of patients.
Endothelial injury in the kidney may be secondary to circulating inflammatory cytokines related to GVHD elsewhere in
the body or may reflect direct injury to endothelial cells of the
kidney by GVHD. Endothelial injury has been described in
patients with chronic GVHD, and it is thought that endothelial
cells are direct targets of cytotoxic donor T lymphocytes (12).
Plasma markers of endothelial injury and coagulation activation are elevated in patients with acute GVHD after HCT,
suggesting an association between endothelial injury, acute
GVHD, and the subsequent development of TMA (13,14).
Newer evidence suggests a role for vascular endothelial growth
factor (VEGF) in the development of TMA and GVHD (15,16).
Inhibition or loss of function of VEGF leads to development of
proteinuria and glomerular endothelial injury consistent with
TMA (15), and lower levels of VEGF have been associated with
more severe forms of acute GVHD (16). GVHD may lead to
endothelial injury in the kidney through a reduction in serum
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VEGF levels and therefore loss of the protective effects of VEGF
on the glomerular filtration barrier. Thus, TMA in the kidney
may be a manifestation of renal effects of GVHD. Our finding
of patient– donor sex mismatch as a significant risk factor further supports the idea that acute GVHD plays a role in TMA
after HCT because these patients are at increased risk for acute
GVHD (17,18). The increased risk of GVHD may be related to
the selective expression in females of minor histocompatibility
antigens on the X-chromosome that are not expressed in males.
These minor H antigens may then be recognized by T cells after
transplant in females who receive cells from a male donor
(17,18).
The significance of a single thrombus is unclear. Its presence
may be an early manifestation of TMA or a low-grade TMA. It
may be that those patients who develop only a single thrombus
have a less severe grade of GVHD. Of course, the finding of a
single thrombus may also be due to sampling.
Although elevations in serum creatinine are part of the definition of TMA, we did not find that the histologic changes in
the kidney were reflected in serum creatinine measurements in
the two weeks before death. This suggests that significant subclinical renal injury occurs early after transplant and that serum
creatinine does not accurately measure kidney function in patients with mild renal insufficiency, or in certain other patient
populations (e.g., individuals with malnutrition, muscle wasting, cancer, or the elderly) (19,20). Patients undergoing hematopoietic cell transplant may have large fluctuations in their
nutritional status, muscle mass, and weight that can influence
serum creatinine levels. Only 119 patients (38%) had laboratory
data available in the 2 wk before death that could be used to
make a clinical diagnosis of TMA, in part because LDH is not
part of routine laboratory testing in our patients and is usually
drawn only when clinically indicated. However, among patients with LDH measurements, laboratory data did not correlate with a histologic diagnosis of TMA. In the study by Eremina et al. described above, patients also did not have serologic
evidence of TMA at the time of biopsy but did have proteinuria
(15). In addition, a clinical diagnosis of TMA in the patient’s
chart correlated with a histologic diagnosis of TMA in approximately one third of the cases. Therefore, a high index of suspicion for the development of TMA is needed in patients after
HCT especially those with gender-mismatched donors, TBI ⬎
1200cGy as part of their conditioning regimen, ADV infection,
and acute GVHD.
Both TBI and CMV infections are commonly implicated in
the development of TMA after transplant (21–25). TBI dose ⬎
1200 cGY was also associated with TMA; however, the effects of
TBI were confounded by donor type. In our study, ADV infection rather than CMV infection was associated with an increased risk of TMA. A previous case report has described ADV
in a patient mimicking clinical TMA; however, the histologic
findings at autopsy in the kidney did not demonstrate TMA
(26). In a study of 21 patients from our institution, ADV nephritis was associated with acute kidney injury and diagnosed
at autopsy (19 patients) or on biopsy (2 patients) by the presence of virus in the kidney. There was no histologic evidence of
TMA in any of these patients (27). We found no evidence that
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bacterial or fungal infections in the 2 wk before death contributed to the development of TMA after transplant.
In this study, we found no evidence for an association
between the average daily dose of cyclosporine and the
presence of TMA in the kidney. Martinez et al. similarly
found no association between cyclosporine plasma levels
and clinical diagnosis of TMA in patients after HCT (28).
These findings contradict other studies in which both cyclosporine and tacrolimus have been associated with clinical
TMA in the HCT population (24,29 –34). Recent reports have
also found an association between sirolimus and development of TMA after HCT (35). It may be that our patients died
earlier than others and that the duration of therapy of calcineurin inhibitors may be more important for endothelial
injury than the cumulative dose.
There are limitations to applying the findings from an autopsy cohort to the general HCT population. Selection biases
are inherent as patients who die are obviously sicker than those
who survive. Not all patients undergo an autopsy, and even
among those who do, the kidney may not always be preserved
because autopsies may be limited to certain organs. Most patients who died at home or at an outside institution were not
included in this study. Patients in this study died at a median
of 43 d after HCT, and risk factors for TMA early after transplant may differ from factors that contribute to the later development of TMA. Finally, we did not evaluate tissue using
electron microscopy, which may demonstrate more subtle
changes of TMA. Among the strengths of this paper are that the
pathologist reviewing the slides was blinded to any clinical
information and thus was not biased in her characterizations,
and the diagnosis of TMA was made on histologic grounds
rather than clinical data, which can often be confounded by
other disease processes.
We found that TMA was present in 20% of kidneys at autopsy in patients after HCT and that an additional 15% had
evidence of thrombus formation. The risk of TMA is increased
four-fold in patients with acute GVHD and is independent of
cyclosporine use. We found no evidence that dose of cyclosporine contributes to the development of histologic TMA in the
kidney. Therefore, stopping or decreasing the dose of cyclosporine as recommended in many clinical practice guidelines
may not be helpful in managing TMA. Rather, continuing
treatment of the acute GVHD or directing therapy to mitigate
endothelial injury may be of benefit. Although obtaining renal
biopsies may not always be practical, they are important for an
accurate diagnosis. It is also important to monitor patients with
acute GVHD for ongoing and persistent renal damage and
urinary abnormalities that can persist after clinical resolution of
TMA.
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