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ABSTRACT

Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) is the only curative option in many benign and malign hematological 
disorders. Recent developments in posttransplant supportive care, graft versus host disease (GVHD) prophylaxis and treatment as 
well as reduced intensity conditioning regimens (RIC) have improved posttransplant survival. However, infections, GVHD related organ 
injury, increased incidence of human leukocyte antigen (HLA) mismatched unrelated or haploidentical transplantations effect post-
transplant mortality in a negative manner.  Allo-HSCT related complications can be classified into early (within 3 months of transplanta-
tion) and long term complications (after 3 months of transplantation). Some early complications which will be briefly discussed in this 
review are graft failure, sinusoidal obstruction syndrome, capillary leak syndrome, engraftment syndrome, diffuse alveolar hemorrhage 
and thrombotic microangiopathy.
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ÖZET

Allojenik Kemik İliği Transplantasyonunun Enfeksiyon Dışı Erken Komplikasyonları

Allojeneik hematopoietik kök hücre nakli (Allo-HKHN) benign ve malign birçok hematolojik hastalıkta küratif tek tedavi alternatifidir. Son 
dönemde destek tedavileri, graft vs host hastalığı (GVHH) profilaksisi ve tedavisi, düşük yoğunluklu hazırlık rejimlerindeki ilerlemeler 
sayesinde nakil sonrası sağkalım iyileşmiştir. Fakat, infeksiyonlar, GVHH ile ilişkili organ hasarı, insan lökosit antijen (HLA) uyumsuz veya 
haploidentikal transplantasyonlar nakil sonrası mortalitede önemli rol oynamaktadır. Allo-HKHN sonrasındaki komplikasyonlar erken 
(3 ay içinde) veya geç (3 ay sonrasında) olarak sınıflandırılır. Bu derlemede erken komplikasyonlardan graft yetmezliği, sinüzoidal ob-
strüksiyon sendromu, kapiller geçiş sendromu, engraftman sendromu, diffüz alveolar hemoraji ve trombotik mikroanjiopati tartışılmıştır.

Anahtar Kelimeler: Erken komplikasyon, Non-infeksiyöz, Allojenik stem sell transplantasyonu
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation 
(Allo-HSCT) is the only curative option in many 
benign and malign hematological disorders. Recent 
developments in posttransplant supportive care, 
graft versus host disease (GVHD) prophylaxis and 
treatment as well as reduced intensity conditioning 
regimens (RIC) have improved post-transplant sur-
vival. However, infections, GVHD related organ 
injury, increased incidence of human leukocyte an-
tigen (HLA) mismatched unrelated or haploidenti-
cal transplantations effect post-transplant mortality 
in a negative manner.  

Allo-HSCT related complications can be classified 
into early (within 3 months of transplantation) and 
long term complications (after 3 months of trans-
plantation). We will focus on and briefly discuss 
the early complications in this review. Some early 
complications which may be a challenge for prac-
tising hematologists and oncologists in this field 
are graft failure, sinusoidal obstruction syndrome, 
capillary leak syndrome, engraftment syndrome, 
diffuse alveolar hemorrhage and thrombotic mi-
croangiopathy.

1. Graft Failure

Myeloid engraftment day is described as the first 
day of three consecutive days of an absolute neu-
trophil count of above 0.5 x 109/L without support. 
Myeloid engraftment should be expected during 
the first 28 days regardless of type and stem cell 
origin of the transplant. The platelet engraftment is 
described as the platelet count of 20 x 109 / L and 
above without the support at least for 7 consecu-
tive days.1-4 Hemoglobin (Hb) level of more than 8 
g / dl without support is regarded as the threshold 
for red cell engraftment. Graft failure is defined as 
no evidence of hematopoietic cell engraftment or 
hematologic recovery following an allo-HSCT.5,6 
Graft failure is divided into two subtypes: primary 
(early) and secondary (late).  

Primary graft failure is a condition that specified as 
thresholds which can not be reached at first 28 days. 
Low blood count levels despite a documented chi-
merism most likely refer a poor graft function but 
lack of full donor chimerism associated with ab-

sence of hemogram levels define a graft rejection. 
After an initial engraftment, at any time, the loss 
of donor cells is named as secondary graft failure 
which is more common after allo-HSCT.7 Acute 
GVHD and immune-mediated transient cytopenias 
should be considered in the differential diagnosis 
of primary graft failure whereas persistent or pro-
gressive disease, infections and residual host im-
munity-related GVHD should be considered in the 
differential diagnosis of secondary graft failure.5 
Donor effector cells in allograft may attack or react 
to immune system because of the the genetic mis-
match between donor and the patient resulting in 
graft rejection. Insufficient engraftment may be re-
lated to abnormal bone marrow microenvironment, 
or is triggered by so-called graft-versus-marrow 
effect.8-10 Essential point here is to separate graft 
failure from infections especially cytomegalovirus 
(CMV), the use of various drugs such as ganciclo-
vir and chronic GVHD that cause secondary severe 
bone marrow suppression.

Engraftment failure due to graft related rejections 
are detected in low incidences in HLA-identical 
siblings; this percentage rises with HLA mis-
match.11 In related to this, compared with the high-
resolution, low-resolution HLA-mismatched grafts 
are reported to increase the risk of failure.3 ABO 
blood group incompatibility, which is a risk fac-
tor for graft failure in HLA-matched allo-HSCT, 
is seen by approximately 23-30%.12,13 The adverse 
effects of both the donor and patient’s age on the 
graft failure of allo-HSCT is not so obvious. How-
ever, the negative effect of the donor age was de-
tected in animal engraftment kinetics studies.5

One of the factors that have an impact on graft 
failure is the conditioning regimen. In particular, 
by the combination treatment modalities, more pa-
tients achieve the eradication of immune effector 
cells and thus a reduction in the rate of engraftment 
failure is detected.5,14 After a myeloablative regi-
men the usual rate of graft failure for about 1-5% 
compared to as high as 30% in RIC regimen.15 
Based on the reported study results, in both autolo-
gous and allo-HSCT, the progenitors infused under 
a certain threshold value of the cells are known to 
cause graft failure development. Optimal threshold 
to achieve engraftment is 5 x 108 / kg nucleated 
cells per recipient body weight in a patient treated 
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with full dose conditioning whereas below 3 x 108 
/ kg nucleated cells per recipient body weight in-
crease the risk of graft failure development.5

Practical approaches to prevent the graft failure in 
related and unrelated transplants can be summa-
rized as follows: 1) HLA mismatch between donor 
and recipient (mismatching) significantly increases 
the degree of graft failure risk. The donor should 
be chosen from the least incompatible or exactly 
matched donor 2) Risk of graft failure is associated 
with recipient homozygosity at the mismatched lo-
cus; therefore mismatching at the locus for which 
recipient is homozygous should be avoided.16 3) 
Presence of anti-HLA antibodies increase the risk 
of graft failure therefore a cross-matching test is 
recommended prior to transplant. 4) Graft failure 
risk is higher in case of antigen mismatch com-
pared to allele mismatch. In the absence of HLA 
compatible donor, allele-mismatched donor should 
be preferred. 

Treatment choices of primary graft failure are sec-
ond allo-HSCT associated with an immunosup-
pressive or cytotoxic therapy or the original donor 
hematopoietic stem cell infusion (boost) without 
therapy or a second allo-HSCT from a different 
donor.17 The second allo-HSCT option was used 
in a study in patients with acute myeloid leuke-
mia (AML), chronic myeloid leukemia (CML) 
and aplastic anemia (AA) and engraftment rate 
had been reported as 73%.18 The utilization rate of 
original donor in the second allo-HSCT was 68% 
and 20 patients received additional hematopoi-
etic growth factors. It is known that re-grafting 
after a conditioning can successfully improve the 
graft failure with response rates of 66% to 100%.19 
However, GVHD and infection increase the non-
relapse mortality (NRM) and transplant-related 
mortality (TRM) rates which are around 53 to 60% 
with myeloablative conditioning regimens.20 The 
leading cause of death after the second transplanta-
tion have been reported as infection.18 Therefore, 
3-year overall survival rate was detected as 43% 
in unmanipulated stem cell infusions.21 However, 
in the same study, the acute and chronic GVHD 
rates were reported as 31% and 50%, respectively. 
Klyuchnikov et al. used CD34 positive selected 
stem cell booster without prior conditioning in 32 
poor graft functioned patients with a 2-year over-

all survival rate of 45%, while acute and chronic 
GVHD rates of 17% and 26%, respectively.19 Ap-
plication steps of myeloid growth factors in poor 
graft function or graft failure in allo-HSCT were 
not clarified.8 Myeloid growth factors stimulate the 
production of neutrophils and delay platelet recov-
ery as well as trigger the development of acute and 
chronic GVHD.22 The stimulation of transplanted 
stem cells could also be obtained by modulation of 
the microenvironment of the stem cell niche.19 For 
this purpose, the use of mesenchymal stem cells 
was reported to have significant positive effect on 
the poor graft function.23

2. Sinusoidal Obstruction Syndrome:

Sinusoidal obstruction syndrome (SOS), a life 
threatening complication within the first 35-40 
days following myeloablative preparation regi-
men, is presented by painful hepatomegaly, weight 
gain and fluid retention and characterized by el-
evated serum bilirubin levels. The diagnostic cri-
teria described by the Seattle group are the most 
widely used, however description of the the Bal-
timore group permit a more precise diagnosis.24 
The diagnosis of SOS is defined by the presence 
of ≥ 2 Seattle criteria before day 30 post-HSCT: 
bilirubin ≥ 2 mg/dL, hepatomegaly, ascites with 
or without unexplained weight gain of >2% over 
baseline. Baltimore criteria narrows the time to 21 
post-HSCT days and accepts weight gain of > 5% 
over baseline.  Although in the past it was named 
as veno-occlusive disease, the underlying pathobi-
ology is not essential for occlusion of the hepatic 
venules; actually changes in the hepatic sinusoids 
induces liver injury and as a result major problem 
is the endothelial injury. In the early stages, subin-
timal part in central and sublobular venula thickens 
due to edema. Immunohistochemical studies indi-
cate the presence of fibrin and FVIII in intramural 
and periadventisyal region of venules. Subintimal 
thickening of the venules leads to narrowing of 
the lumen which creates resistance to blood flow. 
Reduction in venous flow shown in the histologi-
cal examination causes serious hepatic congestion 
and sinusoidal dilatation, which ultimately leads 
to portal hypertension. The changes are evident 
of hepatocyte injury and death and is mainly seen 
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in centrilobular liver. Low blood flow due to sinu-
soidal obstruction leads to significant heterogene-
ity and reorganization. As a result, deterioration is 
detected in the phagocytic function of Kupffer cell 
by focal ischemia and progressive microvascular 
damage. By the mediation of platelets 5-hydroxy-
tryptamine (5-HT), prostaglandins (PG), leukot-
rienes and free radicals are secreted; Kupffer cells, 
leukocytes and mast cells may also play roles in 
endothelial cells damage, ischemia and hepatocel-
lular injury.25-30 Significant increase in endothelial 
cell markers and adhesion molecules are detected 
in patients with SOS such as plasma thrombomod-
ulin, P-selectin, E-selectin, plasminogen activator 
inhibitor-1 (PAI-1) and tissue factor pathway in-
hibitor.29,30 The role of the coagulation pathway in 
the pathophysiology of SOS is debatable; in some 
cases, evidence has been found regarding the con-
tribution of the hemostatic system. Protein C, pro-
tein S, and antithrombin (AT) were found to be low 
in patients with SOS.31,32 The final stage of the SOS 
is a powerful fibrotic reaction in sinusoids which 
leads to the obliteration of the veins. These chang-
es result in chronic obstruction of venous outflow. 
Recently, attention has been focused on activated 
liver stellate cells in the sinusoidal region. Liver 
stellate cells mediates PAI-1 production and extra-
cellular matrix formation and hepatic fibrosis.24-30 
Increased portal pressure and reduced nitric oxide 
(NO) contributes to renal tubular damage which 
promotes sodium intake and fluid retention. 

Pre-transplant risk factors that may expedite SOS 
are liver dysfunction (hepatitis, fibrosis, cirrho-
sis, etc.), hepatic metastases, history of liver ra-
diotherapy, hepatotoxic agents such as acyclovir 
or vancomycin etc., infectious attacks, history of 
stem cell transplantation  and advanced age. Like-
wise, transplant-related factors are myeloablative 
conditioning regimen, TBI, conditioning regimens 
with busulfan and cyclophosphamide, HLA mis-
matched related or unrelated donor selection and 
use of methotrexate for GVHD prophylaxis. 

Although SOS signs are often detected right after 
the end of the first or second week of transplanta-
tion, some authors suggest that the period elongates 
to posttransplant day-40.8,24 Busulfan, melphalan 
or the use of alkylating agents such as thiotepa are 
among the risk factors for the late onset SOS.33-36 

The initial finding is asymptomatic weight increase 
due to fluid and sodium retention. The degree and 
rate of bilirubin elevation often determines the se-
verity and course of SOS. The first and often the 
only symptom in patients with SOS is right upper 
quadrant pain, sometimes severe enough to require 
narcotic analgesic. Ascite and weight gain may 
be refractory to diuretic therapy therefore half of 
patients with renal impairment may need dialysis. 
Deterioration in liver failure depresses the coagula-
tion factors that causes elongation in prothrombin 
time. As the disease progresses, severe encepha-
lopathy and interstitial pneumonitis may develop 
in some patients.37-41

A prospective analysis conducted by EBMT 
Chronic Leukemia Working Party  showed that the 
incidence of SOS after allo and autologous HSCT 
was found to be 8.9% and 3.1%, respectively.42,43 
In another analysis, following myeloablative con-
ditioning with high-dose therapy ± cytoreductive 
TBI, the incidence of SOS has been reported to 
be as high as 54%.36 However, in 237 allo-HSCT 
patients transplanted with RIC regimens the inci-
dence of SOS was only 5.9%.44

Most useful initiatives in clarifying the diagnosis 
of SOS despite practical difficulties are transjugu-
lar liver biopsies and manometric monitoring of 
hepatic blood flow. The hepatic venous pressure 
gradient (HVPG) of ≥ 10 mmHg in a patient with-
out a previous liver disease allows an exact diag-
nosis with a high degree of specificity.33 However, 
a normal HVPG does not exclude the diagnosis. In 
Ultrasonography / Doppler ultrasonography, a va-
riety of abnormalities can be observed such as the 
gallbladder wall thickening, hepatomegaly, ascites 
and reduced or reversed portal flow. Despite the 
serum of patients with SOS shows increased levels 
of fibrinolytic inhibitor, PAI-1 (a marker with the 
highest specificity and sensitivity for SOS), vWF, 
thrombomodulin, E-selectin, intracellular adhesion 
molecule, aminopropeptides of type III collagen 
and hyaluronic acid, they are rarely used in daily 
clinical practice.33,45

It is essential to identify very high-risk patients and 
implement effective preventive strategies both in 
the pretransplant and peritransplant periods in or-
der to reduce the increased mortality rate. Based on 
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this; delaying allo-HSCT in case of liver dysfunc-
tion, adjusting the busulfan dose and applying in-
travenous rather than oral forms, administration of 
cyclophosphamide before busulfan, using fraction-
ated TBI, preferring RIC conditioning and  avoid-
ing hepatotoxic drugs are preventive measures that 
can be implemented in the first place.33

Symptomatic treatment in first place is salt and wa-
ter restriction which can be combined with diuret-
ics. Studies in SOS treatment showed that the most 
promising agent, so far, is defibrotide.46,47 It is a new 
olygodeoxyribonucleotide derivate which has spe-
cific binding sites in vascular endothelial cells and 
adenosine receptors which reduces the endothelial 
leukocyte adhesion and aggregation.48 It increases 
PGE2, PGI2, thrombomodulin and endogenous 
tPA in endothelial surface and decreases PAI-1 lev-
els. Defibrotide does not lead to serious bleeding 
because it is obvious that it has no anticoagulant 
properties49 Therefore, the recommended schedule 
of administration in daily practice is 4 x 6.25 mg/
kg/day, with a 2-hour intravenous infusion at least 
for 21 days until sign and symptoms are resolved.49 
The clinical response will be obtained sooner if 
treatment starts as soon as it is suspected.50 There 
are several reports showing the positive effect of 
glutathione, vitamin E and N-acetylcysteine in 
the treatment of SOS.51-53 There are some reports 
recommending a portosystemic shunt in order to 
reduce the portal pressure in serious portal hyper-
tension.33 Transjugular intrahepatic portosystemic 
shunt can be performed in patients who are unsuit-
able for surgery.54 In advanced liver failure, liver 
transplantation can be a treatment option in few 
cases.24

3. Capillary Leak Syndrome

Endothelial damage as a result of allo-HSCT is 
diffuse capillary endothelium damage and capil-
lary leak syndrome emerging due to leakage of in-
travascular fluid and content into interstitial area. 
Chemo-radiotherapy, various cytokines released 
from injured tissues, microbial components easily 
passing from damaged mucosal barriers, granulo-
cyte-colony stimulating factor (G-CSF) and vari-
ous drugs such as calcineurin inhibitors are defined 
as several etiologic factors.55 Until now, many 

groups investigated various biological markers to 
predict post allo-HSCT endothelial injury develop-
ment such as von Willebrand factor (vWF), VWF-
cleaving protease activity, soluble thrombomodu-
lin, TNF-α, PAI-1, soluble adhesion molecules 
(soluble E-selectin, soluble ICAM-1 [intercellular 
adhesion molecule-1] and soluble vascular cell ad-
hesion molecule-1 [sVCAM-1]).56 None of them 
was proved to be a prognostic marker. While Ueda 
N et al indicated that high level of angiopoietin-2 
(Ang2) can be a good indicator of posttransplant 
endothelial injury; Xie Z et al reported that vas-
cular endothelial growth factor (VEGF) and Ang2 
levels were quite high during the attack periods of 
systemic capillary leak syndrome compared to re-
mission period.56,57

Capillary leak syndrome generally emerges within 
the first 15 days of post allo-HSCT, it can also be 
detected in late periods: it is especially character-
ized with rapid weight gain (>%3 within 24 hours), 
ascites non responsive to diuretic treatment and 
pleural or pericardial effusion that might be a pro-
drome of common edema development.33 Renal 
failure caused by hypoalbuminemia or pre-renal 
azotemia, hypotension and tachycardia can also 
accompany to clinic. Unrelated and HLA mis-
matched donor graft use are among the risk fac-
tors.33 Early differential diagnosis, discontinuation 
of growth factors and application of systemic cor-
ticosteroids even with suspected efficacy are man-
agement steps in which the risk of development of 
multiorgan failure is quite high. 

4. Engraftment Syndrome

Engraftment syndrome (ES) emerges during the 
neutrophil recovery period after HSCT and it pro-
gresses with non-infectious fever, skin rush, non-
cardiogenic pulmonary edema, weight gain, liver 
and renal dysfunction, and/or encephalopathy. Al-
though mostly it has a self-limited course, the syn-
drome can result with multiorgan failure.58 Vascu-
lar leak, organ dysfunction and constitutional signs 
such as fever are secondary to activated leucocytes 
and pro-inflammatory cytokines during engraft-
ment process.59 It was reported that IL-1, TNF-
alpha, interferon gamma, IL-2 receptor-alpha and 
TNF-receptor levels increased in ES as in acute 
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GVHD.54 Soluble thrombomodulin and plasmino-
gen activator type I, CRP increase and complement 
activation are changes detected in ES.60 

The incidence of ES is varying from 5% to 72% 
because the definition and criteria of ES are not de-
scribed precisely.60 Diagnostic definition suggested 
by Spitzer contains major and minor criteria: a tem-
perature of ≥ 380C without a defined infectious eti-
ology, erythrodermic rashes not related to any drug 
covering a body area over 25%, non-cardiogenic 
pulmonary edema accompanying with hypoxia and 
diffuse pulmonary infiltrates are major criteria, he-
patic dysfunction with either bilirubin of ≥ 2 mg/
dL or transaminase levels of ≥ 2 times normal, re-
nal failure, weight gain of ≥ 2.5% of baseline body 
weight and a transient encephalopathy unexplained 
by other causes are considered as minor criteria.61 
For diagnosis, all three major criteria or two major 
criteria and one or more minor criteria, within 96 
hours of engraftment is sufficient.

Chang L, et al. characterized that recipients at 
younger age and male, male-male donor-recipient 
combinations, unrelated donors, cord blood as a 
stem cell source, ABO major incompatibility, my-
eloablative conditioning, and TBI (1200 cGy) are 
risk factors. Ak et al stated that some agents used 
in acute GVHD prophylaxis may have a role in 
the etiology.58,61 It was detected that immunosup-
pressive therapy consisting of tacrolimus/metho-
trexate/ATG had lower ES risk than the use of 
cyclosporine alone.  Major treatment is systemic 
corticosteroid dose of 1.5 mg/kg/day or > 1.5 mg/
kg/day depending on the condition of patient. In 
addition, it was reported that grade II-IV acute 
GVHD, and NRM were decreased with > 1.5 mg/
kg/day of corticosteroid dose.58

4. Diffuse Alveolar Hemorrhage

 Diffuse alveolar hemorrhage (DAH) is a syndrome 
developing in the presence of hypoxia, multi-lobar 
pulmonary infiltrates, symptoms of pneumonia and 
progressively hemorrhagic bronchoalveolar lavage 
(BAL). DAH is generally seen in the first 30 days 
after allo-HSCT with the incidence of 2-14% and 
the mortality rates of over 60%.62,63

DAH etiology is not elucidated in the context of 
transplantation. While infections, cardiac causes 
including heart failure, toxicity from pre-transplant 
thoracic radiation, chemotherapy and early mar-
row engraftment are the factors leading to DAH, 
no definite cause could be detected in 20% of pa-
tients.63,64 Although the etiology of DAH is still 
unclear, it is believed that GVHD, inflammatory 
cytokine release and lung tissue injury may play 
roles in the pathogenesis of DAH.65

Gupta S et al. has mentioned four criteria in their 
study for diagnosis of DAH63: 

1) Symptoms (dyspnea, cough, fever) and signs 
(tachypnea, tachycardia) related with pneumonia

2) Multilobar pulmonary infiltrates that can be ob-
served in chest radiographs as indicator of wide-
spread alveolar injury

3) Absence of laboratory and clinical signs of car-
diogenic pulmonary edema 

4) Presence of 20% or more hemosiderin-laden 
macrophages in BAL or progressively bloodier 
return on BAL from three separate subsegmental 
bronchi. 

Conventional therapy of DAH contains corticos-
teroids and supportive care. Predictably, supportive 
therapy includes oxygen and ventilation support, 
transfusion of blood products and antimicrobial 
therapy.62 Rathi NK et al. classified the cases of 
post transplant DAH in three groups according to 
methylprednisolone doses in the treatment66: (1) 
low dose: < 250 mg/day, (2) medium dose: 250–
1000  mg/day and (3) high dose: ≥ 1000 mg/day. 
Authors concluded that intensive care unit and hos-
pital mortality significantly low only in low-dose 
steroid group and stated that treatment strategies 
may need to be reanalyzed in order to avoid poten-
tial unnecessary therapies.

5. Thrombotic microangiopathy

Transplant-associated thrombotic microangiopathy 
(TA-TMA), which is similar to thrombotic throm-
bocytopenic purpura (TTP),  is a rare complication 
following transplant in which  hemolytic anemia 
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and thrombocytopenia accompanies to this pro-
cess. In the etiology of TA-TMA, drugs -such as 
cyclosporin, tacrolimus, sirolimus- GVHD, infec-
tions including viral -especially CMV- and fungal 
pathogens, high dose chemotherapy, radiotherapy, 
unrelated donor and HLA mismatch transplants 
can be considered as leading factors.67-69 TA-TMA 
generally emerges within first 100 days of post 
transplant period. According to the literature, the 
prevalence varies between 0% and 74% because it 
is often not recognized sufficiently.70 TA-TMA has 
a high mortality rate reaching almost 100%.70,71

Unlike classical TMA, it is quite difficult to deter-
mine a common reason for small vessel injury in 
transplant recipients. Especially busulfan, fludara-
bine, platinum-based chemotherapy and total body 
irradiation are blamed.71-80 Various fungal factors, 
especially Aspergillus, and various viral factors, 
especially CMV and Adenovirus, may cause en-
dothelial damage by causing an increase in soluble 

fms-like tyrosine kinase or thrombomodulin, PAI-
1, and inflammatory cytokines.71,81 Other potential 
infectious causes include parvovirus B19, HHV-6, 
and, most recently, BK virus. Endothelial injury 
developing due to the use of calcineurin inhibitors 
such as cyclosporine and tacrolimus is related to 
direct cytotoxic damage, platelet aggregation, el-
evated VWF and thrombomodulin, altered comple-
ment regulator proteins, and decreased production 
of prostacyclin and nitric oxide.71 It is supposed 
that sirolimus, an inhibitor of mammalian target of 
rapamycin (mTOR) causes TA-TMA by preventing 
repair of injured endothelium and by decreasing lo-
cal VEGF production.82 In allo-HSCT recipients, 
it is considered that higher VEGF levels are asso-
ciated with less endothelial injury, better survival, 
and less severe GVHD. The relationship between 
GVHD and TA-TMA is not a surprising condition 
because donor T lymphocytes primarily encounter 
with recipient endothelial cells during engraftment 
process. However, not only direct damaging effect 

Table 1. Diagnostic Criteria of TMA

      

BMT-CTN diagnostic criteria: 

Schistocytes: ≥ 2 per high-power field in peripheral blood, 

LDH: Increased above institutional baseline, 

Renal function:  Doubling of serum creatinine or 50% decrease in creatinine clearance from baseline before transplantation, 

Central nervous system: Unexplained neurologic dysfunction, 

Coombs test: Negative direct and indirect.

IWG diagnostic criteria:

Schistocytes: > 4% in peripheral blood,    

LDH: Sudden and persistent increase,

Thrombocytopenia: < 50 X 109/L or a ≥ 50% decrease in platelet count,

Red cells: Decreased hemoglobin or increased red blood cell transfusions,

Haptoglobin: Decreased

Overall-TMA diagnostic criteria suggested by Cho BS et al.:

Schistocytes: ≥ 2 per high-power field in peripheral blood,

LDH: Increased,

Thrombocytopenia: < 50 X 109/L or a ≥ 50% decrease in platelet count,

Red cells: Decreased hemoglobin

Coombs test: Negative,

Haptoglobin: Decreased,

Other: No coagulopathy.
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of cytotoxic T lymphocytes but also activation of 
coagulation pathway, circulating cytokines and 
low VEGF levels support the situation.71 It was 
claimed that complement dysregulation has also 
effect on the disease pathogenesis.70

In the historical process, Cho BS et al recently 
suggested a new guideline by restocking previous 
guidelines in addition to diagnostic criteria de-
fined by Bone Marrow Transplant Clinical Trials 
Network (BMT-CTN) and International Working 
Group (IWG) (Table-1).83-85

TA-TMA treatment can be separated into two 
groups; supportive treatments and treatments tar-
geting directly the disease. First, it is essential to 
remove underlying causes which trigger the dis-
ease. Immunosuppressive treatments have a major 
role among these. When these drugs used in GVHD 
prophylaxis, dose reduction or discontinuation 
may not be always possible based on the clinical 
condition of patient. Because of the role of com-
plement dysregulation in the disease pathogenesis, 
there are some clues showing that the monoclonal 
anti-C5 component antibody, eculizumab, may be 
beneficial. In the retrospective analysis of the pa-
tients diagnosed with TA-TMA and treated with 
eculizumab in France between 2010 and 2013, it 
was reported that monoclonal anti-C5 treatment 
provided better results compared to therapeutic 
plasma exchange (TPE).86 The most practical and 
fastest approach for treatment of TA-TMA is TPE. 
However, the median response rate was 36.5% 
with the use of TPE in patients with TA-TMA be-
tween 1991 and 2003 with a mortality rate of 80% 
[70]. Successful results have been obtained via us-
ing anti-CD20 monoclonal antibody, rituximab, 
treatment alone or with TPE/defibrotide treatment. 
Although the mechanism of action of Rituximab 
is not known, it is considered that it displaces the 
precursors of CD20 + B cells and represses T cell 
activation and functions by decreasing cytokine re-
lease.87 In a study which was conducted by Corti 
et al. it was shown that response was detected in 8 
of 12 TA-TMA patients including 5 full responses 
with the use of defibrotide.88

In summary, non-infectious early complications 
of allogeneic HSCT are still a challenging issue. 
Despite improvements in this field during the last 

decade, treatment of these early complications are 
still putting an important burden on both patients 
and physicians treating these patients. Early com-
plications are still an important cause of mortality 
of Allo-HSCT. For practising hematologists and 
oncologists in this field awareness and early diag-
nosis of the acute complications remain to be an 
important key factor in order to obtain an optimal 
outcome in this patient population undergoing the 
early complications of Allo-HSCT.  

REFERENCES

1.	 Spitzer TR, Dey BR, Chen YB, et al. The expanding frontier 
of hematopoietic cell transplantation. Cytometry B Clin Cy-
tom 82: 271-279, 2012.

2.	 Chang YJ, Xu LP, Liu DH, et al. Platelet engraftment in pa-
tients with hematologic malignancies following unmanipulat-
ed haploidentical blood and marrow transplantation: effects 
of CD34+ cell dose and disease status. Biol Blood Marrow 
Transplant 15: 632-8, 2009.

3.	 Ladenstein R, Pötschger U, Hartman O, et al., on behalf of 
the EBMT Paediatric Working Party.  28 years of hıgh-dose 
therapy and SCT for neuroblastoma in Europe: lessons from 
more than 4000 procedures.  Bone Marrow Transplantation 
41: 118-127, 2008.  

4.	 Gratwohl A, Baldomero H, Demirer T, et al. Hematopoetic 
stem cell transplantation for solid tumors in Europe. EBMT; 
STWP; PDWP,  Annals of Oncology  15: 653-660, 2004 

5.	 Lowsky R, Messner H. Mechanism and Treatment of Graft 
Failure. In: Appelbaum FR, Forman SJ, Negrin RS, Blume 
KG, editors. Thomas’ Hematopoietic Cell Transplantation. 
4th edition. Oxford, UK, Wiley-Blackwell, 2010: 1203-1218.

6.	 Bensinger WI, Demirer T, Buckner CD, et al. Syngeneic mar-
row transplantation in patients with multiple myeloma. Bone 
Marrow Transplantation,  18: 527-531,1996.

7.	 Olsson R, Remberger M, Schaffer M, et al. Graft failure in the 
modern era of allogeneic hematopoietic SCT. Bone Marrow 
Transplant 48: 537-543, 2013.

8.	 Arnaout K, Patel N, Jain M, et al. Complications of allogeneic 
hematopoietic stem cell transplantation. Cancer Invest 32: 
349-362, 2014.

9.	 Demirer T, Petersen FB, Bensinger WI, et al. Autologous 
transplantation with peripheral blood stem cells collected 
after granulocyte colony-stimulating factor in patients with 
acute myelogenous leukemia. Bone Marrow Transplant 18: 
29-34, 1996.

10.	 Demirer T, Gooley T, Buckner CD, et al. Influence of total 
nucleated cell dose from marrow harvests on outcome in 



247UHOD   Number: 4   Volume: 26   Year: 2016

International Journal of Hematology and Oncology

patients with acute myelogenous leukemia undergoing au-
tologous transplantation. Bone Marrow Transplant 15: 907-
913,1995.

11.	 Anasetti C, Amos D, Beatty PG, et al. Effect of HLA compat-
ibility on engraftment of bone marrow transplants in patients 
with leukemia or lymphoma. N Engl J Med 320: 197-204, 
1989.

12.	 Raimondi R, Soli M, Lamparelli T, et al, Gruppo Italiano Tra-
pianto di Midolla Osseo. ABO-incompatible bone marrow 
transplantation: a GITMO survey of current practice in Italy 
and comparison with the literature. Bone Marrow Transplant 
34: 321-329, 2004.

13.	 Remberger M, Watz E, Ringdén O, et al. Major ABO blood 
group mismatch increases the risk for graft failure after un-
related donor hematopoietic stem cell transplantation. Biol 
Blood Marrow Transplant 13: 675-682, 2007.

14.	 Demirer T, Celebi H, Arat M, et al.  Autoimmune thrombo-
cytopenia in a patient with small cell lung cancer develop-
ing after chemotherapy and resolving following autologous 
peripheral blood stem cell transplantation. Bone Marrow 
Transplant 24: 335-337,1999.

15.	 Locatelli F, Lucarelli B, Merli P. Current and future approach-
es to treat graft failure after allogeneic hematopoietic stem 
cell transplantation. Expert Opin Pharmacother 15: 23-36, 
2014.

16.	 Petersdorf EW. Risk assessment in haematopoietic stem 
cell transplantation: histocompatibility. Best Pract Res Clin 
Haematol 20: 155-170, 2007. 

17.	 Stelljes M, van Biezen A, Slavin S, et al; complications sub-
committee of the Chronic Leukemia Working Party. The har-
vest and use of autologous back-up grafts for graft failure 
or severe GVHD after allogeneic hematopoietic stem cell 
transplantation: a survey of the European Group for Blood 
and Marrow Transplantation. Bone Marrow Transplant 42: 
739-742, 2008.

18.	 Guardiola P, Kuentz M, Garban F, et al. Second early al-
logeneic stem cell transplantations for graft failure in acute 
leukaemia, chronic myeloid leukaemia and aplastic anaemia. 
French Society of Bone Marrow Transplantation. Br J Hae-
matol 111: 292-302, 2000.

19.	 Klyuchnikov E, El-Cheikh J, Sputtek A, et al. CD34(+)-se-
lected stem cell boost without further conditioning for poor 
graft function after allogeneic stem cell transplantation in pa-
tients with hematological malignancies. Biol Blood Marrow 
Transplant 20: 382-386, 2014.

20.	 Jabbour E, Rondon G, Anderlini P, et al. Treatment of donor 
graft failure with nonmyeloablative conditioning of fludara-
bine, antithymocyte globulin and a second allogeneic he-
matopoietic transplantation.Bone Marrow Transplant 40: 
431-435, 2007.

21.	 Remberger M, Ringdén O, Ljungman P, Hägglund H, et al. 
Booster marrow or blood cells for graft failure after alloge-
neic bone marrow transplantation. Bone Marrow Transplant 
22: 73-78, 1998.

22.	 Ringden O, Hassan Z, Karlsson H, Oet al. Granulocyte 
colony-stimulating factor induced acute and chronic graft-
versus-host disease. Transplantation 90: 1022-1029, 2010.

23.	 Liu X, Wu M, Peng Y, et al. Improvement in poor graft func-
tion after allogeneic hematopoietic stem cell transplantation 
upon administration of mesenchymal stem cells from third-
party donors: a pilot prospective study. Cell Transplant 23: 
1087-1098, 2014.

24.	 Strasser SI, McDonald GB. Gastrointestinal and Hepatic 
Complications. In: Appelbaum FR, Forman SJ, Negrin RS, 
Blume KG, editors. Thomas’ Hematopoietic Cell Trans-
plantation. 4th edition. Oxford, UK, Wiley-Blackwell, 2010: 
1434-1455.

25.	 Bearman SI. The syndrome of hepatic veno-occlusive dis-
ease after marrow transplantation. Blood 85: 3005-3020, 
1995.

26.	 Sato Y, Asada Y, Hara S, et al. Hepatic stellate cells (Ito 
cells) in veno-occlusive disease of the liver after allogeneic 
bone marrow transplantation. Histopathology 34: 66-70, 
1999.

27.	 Richardson P, Guinan E. Hepatic veno-occlusive disease 
following hematopoietic stem cell transplantation. Acta Hae-
matol 106: 57-68, 2001.

28.	 Carreras E. Veno-occlusive disease of the liver after he-
mopoietic cell transplantation. Eur J Haematol 64: 281-291, 
2000.

29.	 Wadleigh M, Ho V, Momtaz P, Richardson P. Hepatic veno-
occlusive disease: pathogenesis, diagnosis and treatment. 
Curr Opin Hematol 10: 451-462, 2003.

30.	 Kumar S, DeLeve LD, Kamath PS, Tefferi A. Hepatic veno-
occlusive disease (sinusoidal obstruction syndrome) after 
hematopoietic stem cell transplantation. Mayo Clin Proc 78: 
589-598, 2003.

31.	 Lee JH, Lee KH, Kim S, et al. Relevance of proteins C and 
S, antithrombin III, von Willebrand factor, and factor VIII for 
the development of hepatic veno-occlusive disease in pa-
tients undergoing allogeneic bone marrow transplantation: 
a prospective study. Bone Marrow Transplant 22: 883-888, 
1998.

32.	 Park YD, Yasui M, Yoshimoto T, et al. Changes in hemo-
static parameters in hepatic veno-occlusive disease follow-
ing bone marrow transplantation. Bone Marrow Transplant 
19: 915-920, 1997.

33.	 Carreras E. Early complication after HSCT. In: Apperley 
J, Carreras E, Gluckman E, Masszi T, editors. The EBMT 
Handbook, Hematopoietic Stem Cell Transplantation. 6th 
edition. Genoa, Italy: Forum Service Editore; 2012. pp.176-95.

34.	 Brunvand MW, Bensinger WI, Soll E, et al.  High-dose frac-
tionated total-body irradiation, etoposide and cyclophos-
phamide for treatment of malignant lymphoma: Comparison 
of autologous bone marrow and peripheral blood stem cells. 
Bone Marrow Transplant 18: 131-141, 1996.



248 UHOD   Number: 4   Volume: 26   Year: 2016

International Journal of Hematology and Oncology

35.	 Demirer T, Buckner CD, Appelbaum FR, et al. High-dose 
busulfan and cyclophosphamide followed by autologous 
transplantation in patients with advanced breast cancer.  
Bone Marrow Transplant  17: 769-774,1996.

36.	 Ueno N T, Rizzo D, Demirer T, et al.  Allogeneic hematopoi-
etic cell transplantation for metastatic breast cancer.   Bone 
Marrow Transplant 41: 537-545, 2008.

37.	 Richardson P, Guinan E. Hepatic veno-occlusive disease 
following hematopoietic stem cell transplantation. Acta Hae-
matol 106: 57-68, 2001.

38.	 Carreras E. Veno-occlusive disease of the liver after he-
mopoietic cell transplantation. Eur J Haematol 64: 281-291, 
2000.

39.	 Wadleigh M, Ho V, Momtaz P, Richardson P. Hepatic veno-
occlusive disease: pathogenesis, diagnosis and treatment. 
Curr Opin Hematol 10: 451-462, 2003.

40.	 Kumar S, DeLeve LD, Kamath PS, Tefferi A. Hepatic veno-
occlusive disease (sinusoidal obstruction syndrome) after 
hematopoietic stem cell transplantation. Mayo Clin Proc 78: 
589-598, 2003.

41.	 Carreras E, Bertz H, Arcese W, et al. Incidence and outcome 
of hepatic veno-occlusive disease after blood or marrow 
transplantation: a prospective cohort study of the European 
Group for Blood and Marrow Transplantation. European 
Group for Blood and Marrow Transplantation Chronic Leu-
kemia Working Party. Blood 92: 3599-3604, 1998.

42.	 McDonald GB, Hinds MS, Fisher LD, et al. Veno-occlusive 
disease of the liver and multiorgan failure after bone marrow 
transplantation: a cohort study of 355 patients. Ann Intern 
Med 118: 255-267, 1993.

43.	 De Giorgi U, Demirer T, Wandt H, et al. Second-line high-
dose chemotherapy in patients with mediastinal and retrop-
eritoneal primary non-seminomatous germ cell tumors: the 
EBMT experience. Ann Oncol 16: 146-151, 2005.

44.	 Ramasamy K, Lim ZY, Pagliuca A, et al. Incidence and man-
agement of hepatic venoocclusive disease in 237 patients 
undergoing reduced-intensity conditioning (RIC) haema-
topoietic stem cell transplantation (HSCT). Bone Marrow 
Transplant 38: 823-824, 2006.

45.	 Salat C, Holler E, Kolb HJ, et al. Plasminogen activator in-
hibitor-1 confirms the diagnosis of hepatic veno-occlusive 
disease in patients with hyperbilirubinemia after bone mar-
row transplantation. Blood 89: 2184-2188, 1997.

46.	 Chopra R, Eaton JD, Grassi A, et al. Defibrotide for the treat-
ment of hepatic veno-occlusive disease: results of the Euro-
pean compassionate-use study. Br J Haematol 111: 1122-
1129, 2000.

47.	 Richardson PG, Elias AD, Krishnan A, et al. Treatment of 
severe veno-occlusive disease with defibrotide: compas-
sionate use results in response without significant toxicity in 
a high-risk population. Blood 92: 737-744, 1998.

48.	 Carreras E. How I manage sinusoidal obstruction syndrome 
after haematopoietic cell transplantation. Br J Haematol 
168: 481-491, 2015.

49.	 Keating GM. Defibrotide: a review of its use in severe hepatic 
veno-occlusive disease following haematopoietic stem cell 
transplantation. Clin Drug Investig 34: 895-904, 2014.

50.	 Corbacioglu S, Greil J, Peters C, et al. Defibrotide in the 
treatment of children with veno-occlusive disease (VOD): a 
retrospective multicentre study demonstrates therapeutic 
efficacy upon early intervention. Bone Marrow Transplant 
33: 189-195, 2004.

51.	 Jonas CR, Puckett AB, Jones DP, et al. Plasma antioxidant 
status after high-dose chemotherapy: a randomized trial of 
parenteral nutrition in bone marrow transplantation patients. 
Am J Clin Nutr 72: 181-189, 2000.

52.	 Goringe AP, Brown S, O’Callaghan U, et al. Glutamine and 
vitamin E in the treatment of hepatic veno-occlusive disease 
following high-dose chemotherapy. Bone Marrow Trans-
plant 21: 829-832, 1998.

53.	 Ringdén O, Remberger M, Lehmann S, et al. N-acetyl-
cysteine for hepatic veno-occlusive disease after allogeneic 
stem cell transplantation. Bone Marrow Transplant 25: 993-
996, 2000.

54.	 Azoulay D, Castaing D, Lemoine A, et al. Transjugular intra-
hepatic portosystemic shunt (TIPS) for severe veno-occlu-
sive disease of the liver following bone marrow transplanta-
tion. Bone Marrow Transplant 25: 987-992.

55.	 Carreras E, Diaz-Ricart M. The role of the endothelium in 
the short-term complications of hematopoietic SCT. Bone 
Marrow Transplant 46: 1495-1502, 2011.

56.	 Ueda N, Chihara D, Kohno A, et al. Predictive value of cir-
culating angiopoietin-2 for endothelial damage-related com-
plications in allogeneic hematopoietic stem cell transplanta-
tion. Biol Blood Marrow Transplant 20: 1335-1340, 2014.

57.	 Xie Z, Ghosh CC, Patel R, et al. Vascular endothelial hy-
perpermeability induces the clinical symptoms of Clarkson 
disease (the systemiccapillary leak syndrome). Blood 119: 
4321-3432, 2012.

58.	 Chang L, Frame D, Braun T, et al. Engraftment syndrome 
after allogeneic hematopoietic cell transplantation predicts 
poor outcomes. Biol Blood Marrow Transplant 20: 1407-
1417, 2014. 

59.	 Spitzer TR. Engraftment syndrome: double-edged sword of 
hematopoietic cell transplants. Bone Marrow Transplant 50: 
469-475, 2015. 

60.	 Omer AK, Kim HT, Yalamarti B, et al. Engraftment syndrome 
after allogeneic hematopoietic cell transplantation in adults. 
Am J Hematol 89: 698-705, 2014. 

61.	 Gale RP, Lazarus HM. Engraftment syndrome, the Emper-
or’s new clothes and the artist formerly known as prince. 
Bone Marrow Transplant 50: 483-484, 2015.



249UHOD   Number: 4   Volume: 26   Year: 2016

International Journal of Hematology and Oncology

62.	 Elinoff JM, Bagci U, Moriyama B, et al. Recombinant human 
factor VIIa for alveolar hemorrhage following allogeneic stem 
cell transplantation. Biol Blood Marrow Transplant 20: 969-
978, 2014. 

63.	 Gupta S, Jain A, Warneke CL, et al. Outcome of alveolar 
hemorrhage in hematopoietic stem cell transplant recipi-
ents. Bone Marrow Transplant 40: 71-78, 2007. 

64.	 Rabe C, Appenrodt B, Hoff C, et al. Severe respiratory fail-
ure due to diffuse alveolar hemorrhage: clinical characteris-
tics and outcome of intensive care. J Crit Care 25: 230-235, 
2010.

65.	 Koh H, Nakamae H, Koh KR, et al. Serum cytokine profiles 
at the onset of severe, diffuse alveolar hemorrhage com-
plicating allogeneic hematopoietic stem cell transplantation, 
treated successfully with pulse intravenous cyclophospha-
mide. Acta Haematol 124: 171-175, 2010.

66.	 Rathi NK, Tanner AR, Dinh A, et al. Low-, medium- and 
high-dose steroids with or without aminocaproic acid in 
adult hematopoietic SCT patients with diffuse alveolar hem-
orrhage. Bone Marrow Transplant 50: 420-426, 2015. 

67.	 Kennedy GA, Bleakley S, Butler J, et al. Posttransplant 
thrombotic microangiopathy: sensitivity of proposed new 
diagnostic criteria. Transfusion. 2009;49(9):1884.

68.	 Kim SS, Patel M, Yum K, Keyzner A. Hematopoietic stem 
cell transplant-associated thrombotic microangiopathy: re-
view of pharmacologic treatment options. Transfusion 55: 
452-458, 2015. 

69.	 Holmberg LA, Demirer T, Rowley S, et al.  High-dose bu-
sulfan, melphalan and thiotepa followed by autologous pe-
ripheral blood stem cell (PBSC) rescue in patients with ad-
vanced stage III-IV ovarian cancer.  Bone Marrow Transplant 
22: 651-659, 1998. 

70.	 Jodele S, Licht C, Goebel J, et al. Abnormalities in the alter-
native pathway of complement in children with hematopoi-
etic stem cell transplant-associated thrombotic microangi-
opathy. Blood 122: 2003-2007, 2013. 

71.	 Laskin BL, Goebel J, Davies SM, Jodele S. Small vessels, 
big trouble in the kidneys and beyond: hematopoietic stem 
cell transplantation-associated thrombotic microangiopathy. 
Blood 118: 1452-1462, 2011.

72.	 Nakamae H, Yamane T, Hasegawa T, et al. Risk Factor 
Analysis for Thrombotic Microangiopathy after Reduced-
Intensity or Myeloablative Allogeneic Hematopoietic Stem 
Cell Transplantation. Am J Hematol 81: 525-531, 2006.

73.	 Demirer T, Buckner CD, Appelbaum FR, et al.  Busulfan, 
cyclophosphamide and fractionated total body irradiation for 
autologous or syngeneic marrow transplantation for acute 
and chronic myelogenous leukemia: Phase I dose escalation 
of busulfan based on targeted plasma levels. Bone Marrow 
Transplant 17: 491-495, 1996.

74.	 Demirer T, Buckner CD, Appelbaum FR, et al. Busulfan, cy-
clophosphamide and fractionated total body irradiation for 
allogeneic marrow transplantation in advanced acute and 

chronic myelogenous leukemia: Phase I dose escalation of 
busulfan based on targeted plasma levels.  Bone Marrow 
Transplant 17: 341-346, 1996.

75.	 Peccatori J, Barkholt L, Demirer T, et al. on behalf of EBMT. 
Prognostic factors for survival in patients with advanced re-
nal cell carcinoma undergoing nonmyeloablative allogeneic 
stem cell transplantation. Cancer 104: 2099-2103, 2005.

76.	 Kroger N, Damon L, Zander, AR, et al.  Secondary acute 
leukemia following mitoxantrone-based high-dose chemo-
therapy for primary breast cancer patients Group Author(s): 
European Grp Blood Marrow Translpl; German Adjuvant 
Breast Canc Study; Univ California San Francisco. Bone 
Marrow Transplant 32: 1153-1157, 2003.

77.	 De Giorgi U, Rosti G, Slavin S, et al. Salvage high-dose 
chemotherapy for children with extragonadal germ-cell tu-
mours.Group Author(s): European Grp Blood Marrow Trans-
pla. Br J Cancer 93: 412-417,  2005.

78.	 Pedrazzoli P, Ferrante P, Kulekci A, et al. Autologous hemat-
opoietic stem cell transplantation for breast cancer in Eu-
rope: critical evaluation of data from the European Group for 
Blood and Marrow Transplantation (EBMT) Registry 1990-
1999. Bone Marrow Transplant 32: 489-494, 2003. 

79.	 Pedrazzoli P, Ledermann JA, Lotz JP, et al. Group Author(s): 
European Grp Blood Marrow Transpla High dose chemo-
therapy with autologous hematopoietic stem cell support for 
solid tumors other than breast cancer in adults. Annals of 
Oncology 17: 1479-1488, 2006.

80.	 Berry Donald A, Ueno Naoto T, Johnson Marcella M, et al. 
High-Dose Chemotherapy With Autologous Hematopoi-
etic Stem-Cell Transplantation in Metastatic Breast Cancer: 
Overview of Six Randomized Trials. J Clin Oncol 29: 3224-
3231, 2011.

81.	 Takatsuka H, Takemoto Y, Yam E. Complications after 
bone marrow transplantation are manifestations of systemic 
inflammatory response syndrome. Bone Marrow Transplant 
26: 419-426, 2000.

82.	 Goldberg RJ, Nakagawa T, Johnson RJ, Thurman JM. The 
role of endothelial cell injury in thrombotic microangiopathy. 
Am J Kidney Dis 56: 1168-1174, 2010.

83.	 Ho VT, Cutler C, Carter S, et al. Blood and marrow trans-
plant clinical trials network toxicity committee consensus 
summary: thrombotic microangiopathy after hematopoietic 
stem cell transplantation. Biol Blood Marrow Transplant 11: 
571-575, 2005.

84.	 Ruutu T, Barosi G, Benjamin RJ, et al., European Group for 
Blood and Marrow Transplantation; European LeukemiaNet. 
Diagnostic criteria for hematopoietic stem cell transplant-as-
sociated microangiopathy: results of a consensus process 
by an International Working Group. Haematologica 92: 95-
100, 2007.

85.	 Cho BS, Yahng SA, Lee SE, et al. Validation of recently 
proposed consensus criteria for thrombotic microangiopa-
thy after allogeneic hematopoietic stem-cell transplantation. 
Transplantation 90: 918-926, 2010.



250 UHOD   Number: 4   Volume: 26   Year: 2016

International Journal of Hematology and Oncology

86.	 de Fontbrune FS, Galambrun C, Sirvent A, et al. Use of Ecu-
lizumab in Patients With Allogeneic Stem Cell Transplant-
Associated Thrombotic Microangiopathy: A Study From the 
SFGM-TC. Transplantation 99: 1953-1959, 2015.

87.	 Sada S, Wada H, Tamura S, et al. Hematopoietic stem cell 
transplant-associated thrombotic microangiopathy: review 
of pharmacologic treatment options. Transfusion 55: 452-
458, 2015. 

88.	 Corti P, Uderzo C, Tagliabue A, et al. Defibrotide as a prom-
ising treatment for thrombotic thrombocytopenic purpura 
in patients undergoing bone marrow transplantation. Bone 
Marrow Transplant 29: 542-543, 2002.

Correspondence:

Dr. Taner DEMIRER

Ankara Üniversitesi Tip Fakültesi

Hematoloji Anabilim Dali

Cebeci Hastanesi 

06590  Cebeci, ANKARA / TURKEY 

Tel: (+90-532) 325 10 65

e-mail: drdemirer@gmail.com

           demirer@medicine.ankara.edu.tr


