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Background: Acute complications within 100 days after allogeneic hematopoietic 

stem cell transplantation (HSCT) can increase immediate mortality as well as the risk 

of chronic complications and morbidity. A comprehensive review collecting systemic 

complications following transplantation would be important in pediatric patients. 

Methods: We report a retrospective study of pediatric patients who underwent alloge-

neic HSCT during the 11 years (2009-2020), and their acute complications after 

transplantation within 100 days. A total 227 pediatric patients’ (90 females, 137 

males) data were collected. 

Results: Among the patients, 62.6% (N=142) suffered from acute graft-versus-host dis-

ease, and 118 (52.0%) patients had an acute infection. Pulmonary complications oc-

curred in 52 (22.9%) patients followed by hepatic sinusoidal obstruction syndrome 

in 30 (18.1%) patients. In the study, 19 died within the first 100 days after HSCT 

(8.4%), and the 5-year overall survival rate of the patients was 65.4%. 

Conclusion: This study widens the understanding of acute toxicities of pediatric 

HSCT. A significant number of children still have experienced a variety of acute in-

fectious or non-infectious complications after allogeneic HSCT that contribute to 

morbidity and mortality. Therefore, continuous efforts are needed to reduce them.
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Introduction

Allogeneic hematopoietic stem cell transplantation 

(HSCT) is the treatment of choice for many pediatric dis-

eases, from several life-threatening malignancies to non-

malignant disorders such as autoimmune diseases, pri-

mary immune deficiencies, and innate metabolism errors 

[1].

HSCT is an effective treatment for many diseases, and 

sometimes it is the only curative treatment. At the same 

time, HSCT can cause various complications that con-

tribute to its relatively high morbidity and mortality rates 

[2,3]. 

Graft-versus-host disease (GVHD) is one of the most 

important complications and a leading cause of morbid-

ity and non-relapse mortality after allogeneic HSCT. 

Among all allogeneic HSCT patients, 30-50% develop 
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acute GVHD (grade I-IV), and 14% experience severe 

acute GVHD (grade III-IV) [4]. The risk of infectious com-

plications during the course of HSCT is high and also as-

sociated with morbidity and mortality [5]. According to 

previous studies, viral infections were the most common 

(67-70%), followed by bacterial sepsis (25%), and fungal 

infections (8%) [3,6]. Allogeneic HSCT can also provoke 

systemic complications such as idiopathic pulmonary 

syndrome, hepatic sinusoidal obstruction syndrome (SOS), 

cardiac failure, and kidney injury. For pediatric patients, 

transplant-related complications are important issues 

because of their huge potential for late sequelae and 

their effects on patients’ life-long quality of life [7]. 

Transplantation is a complex process for patients with 

various underlying diseases and requires consideration of 

different donor and recipient factors, multiple condition-

ing regimens, and immunosuppressant methods. Thus, it 

is important to expect and monitor complications. Acute 

complications after HSCT are usually defined as those 

that occur within 100 days after the transplant [8,9]. In 

addition to the immediate threat of mortality, acute 

complications can increase the risk of chronic complica-

tions and morbidity. 

Many reviews have considered various complications 

separately. Here, we review the incidence of acute com-

plications in the first 100 days after pediatric allogeneic 

HSCT and their outcomes. 

Subjects and Methods

1) Study subjects

This is a retrospective study of pediatric patients who 

underwent allogeneic HSCT in the department of pedia-

tric hematology oncology, Severance Hospital, Yonsei 

University of Medicine, Seoul, Korea. From 2009 to 2020, 

we reviewed subjects who underwent their first trans-

plantation; for patients who underwent second and third 

transplantations, we consider the first 100 days after only 

their first transplant. 

Data were cut off on December 31, 2021, and all anal-

yses were conducted using only archived data. This ret-

rospective study was approved by the Institutional Review 

Board of Yonsei Health System, Severance Hospital 

(IRB-4-2022-1001).

Baseline patient-related variables (sex, age, primary 

disease), transplantation-related variables (donor, stem 

cell source, conditioning regimen), and complications in 

the first 100 days after HSCT (systemic complications, in-

fections, GVHD) are summarized. 

2) Variable definitions

Our definition and grading of acute GVHD follows the 

modified Glucksberg criteria [10-12]. Most grades of 

GVHD were based on retrospectively reviewed clinical 

data; few cases were histologically confirmed. 

Viral reactivation/infection was defined as a positive 

antigenemia test or increased viral load. At our insti-

tution, blood and urine polymerase chain reaction (PCR) 

examinations for cytomegalovirus (CMV), Epstein-Barr 

virus (EBV), and BK virus (BKV) are part of routine pa-

tient surveillance. Titer elevation was considered to in-

dicate reactivation. CMV reactivation after HSCT was de-

fined as a detectable plasma virus load (ex. CMV DNA 

loads ＞500 IU/mL). Viral disease was diagnosed among 

patients with an increased viral load and evidence of end 

organ involvement [13]. Respiratory or diarrheal virus 

panels were done when a patient had related symptoms, 

and they were considered positive according to the 

results. 

Bacterial sepsis was defined as the isolation of a bac-

terial agent in blood culture tests. The tests were done 

when a patient had fever or other signs of infection. 

Fungal infections were classified as proven, probable, 

and possible infections [14]. Proven indicates an invasive 

fungal disease proved by demonstration of fungal ele-

ments in diseased tissue for most conditions. Probable in-

dicates the presence of host factor, clinical features, and 

mycological evidence, and possible indicates the pres-

ence of host factor and clinical features without myco-

logical evidence.

The pulmonary complications were pneumonia, pleu-

ral effusion, bronchiolitis obliterans syndrome (BOS) or 

cryptogenic organizing pneumonia (COP), and acute res-

piratory failure [15]. Pneumonia was defined using respi-
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ratory symptoms with meaningful radiologic findings. 

Pleural effusion was defined as an accumulation of ex-

travascular fluid in the lung confirmed by radiologic 

findings with no evidence of definite pulmonary infec-

tion. BOS or COP was diagnosed by chest computed to-

mography, pulmonary function tests, and the exclusion 

of other pulmonary diseases. Respiratory failure was di-

agnosed when a patient needed mechanical ventilator 

support.

Among the cardiac complications, pericardial effusion 

and heart failure were defined through an echocardio-

graphic evaluation. Hypertension and arrhythmia were 

defined by medical intervention after HSCT, with or 

without a cardiologist’s consultation. 

Hepatic SOS was diagnosed according to the pediatric 

European bone marrow transplantation model (more 

than 2 of the following: unexplained transfusion re-

fractory or consumptive thrombocytopenia, weight gain 

＞5 percent above baseline value, hepatomegaly, ascites, 

and rising bilirubin ＞2 mg/dL within 72 hr) [16]. 

Acute kidney injury (AKI) was defined according to the 

Kidney Disease: Improving Global Outcomes definition: 

increase in serum creatinine of ＞0.3 mg/dL from base-

line within 48 hours, increase in serum creatinine to ＞1.5 

times baseline from the prior seven days, or urine volume 

＜0.5 mL/kg/hr for 6 hours [17].

3) Statistics

Continuous patient characteristic variables are re-

ported as medians with interquartile ranges; categorical 

variables are reported as counts and percentages. The 

baseline characteristics of subjects with and without 

acute complications were compared using the chi square 

test or Fisher’s exact test for categorical variables and in-

dependent t-testing for parametric variables. Univariate 

and multivariate binary logistic regression analyses were 

used to test the association between acute complications 

and clinical factors of transplantation such as sex, age, 

donor, stem cell source, and conditioning method. 

The overall survival rates from the time of HSCT were 

estimated using the Kaplan-Meier method. All statistical 

analyses were performed using SPSS software version 

26.0 (SPSS Inc., Chicago, IL, USA). In the analysis, a value 

of P＜0.05 was considered statistically significant.

Results

1) Patient and stem cell characteristics

During the 11-year study period, 227 pediatric pa-

tients (90 females, 137 males) underwent allogeneic 

HSCT, as shown in Table 1. The underlying disease in 

137 (60.4%) patients was leukemia, and 25 (11.0%) pa-

tients had solid tumors. Patients with non-malignant dis-

eases (N=64, 28.2%) also received transplantation, mostly 

to treat severe aplastic anemia (N=27, 11.9%) and various 

other bone marrow failure syndromes, primary immune 

deficiency disorders, and rare neurometabolic disorders 

such as adrenoleukodystrophy. Most patients (72.7%, 

N=165) used peripheral blood as a stem cell source, and 

the others (27.3%, N=62) used bone marrow stem cells. 

None used cord blood stem cells. Unrelated donor trans-

plantation (N=156, 68.7%) was performed more often 

than family donor transplantation (N=71, 31.3%). Full hu-

man leukocyte antigen (HLA)-matched transplantation 

was done in 67.4% of patients, and HLA mismatch HSCT 

was done in 69 patients (30.4%), with a few cases of hap-

loidentical transplantation (N=5, 2.2%).

As the conditioning regimen, myeloablative condition-

ing was used in 168 (74.0%), and the others (N=59, 26.0%) 

received reduced intensity conditioning. Irradiation-con-

taining conditioning regimens were used in 93 (41%) 

patients. 

For the long-term outcomes, we evaluated chronic 

GVHD, disease relapse, and deaths during the follow-up 

period. During a median follow-up duration of 2.95 years 

(IQR, 1.01, 5.43), 59.9% patients had any form of chronic 

GVHD, 51 patients (22.5%) had disease relapse, and 74 

(32.6%) patients died. 

2) Acute complications in the first 100 days 

Among the patients, 62.6% (N=142) suffered from 

acute GVHD (Table 2). Acute skin GVHD was observed 

in 53.3% (N=121), liver GVHD in 20.7% (N=47), and gas-

trointestinal GVHD in 15.4% (N=35) of cases. Stage I skin 
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Table 1. Demographic characteristics of all subjects

All (N=227)
Acute complications 

(N=186)
No acute 

complications (N=41)
P-value

Sex Male 137 (60.4) 113 (60.8) 24 (58.5) 0.793
Age at HSCT 9.71 (4.90, 14.53) 9.71 (4.94, 14.25) 8.16 (4.41, 15.26) 0.663
Diagnosis ALL 79 (34.8) 66 (35.5) 13 (31.7) 0.060

AML 49 (21.6) 38 (20.4) 11 (26.8)
Other leukemia 9 (4.0) 8 (4.3) 1 (2.4)
Lymphoma 16 (7.0) 16 (8.6) 0
Neuroblastoma, other solid tumor 10 (4.4) 10 (5.4) 0
Bone marrow failure syndrome, 

other bone marrow diseases**
35 (15.4) 29 (15.6) 6 (14.6)

Other*** 29 (12.8) 19 (10.2) 10 (24.4)
Malignancy 163 (71.8) 138 (74.2) 25 (61.0) 0.089
Non-malignancy 64 (28.2) 48 (25.8) 16 (39.0)

Stem cell Peripheral blood 165 (72.7) 139 (75.1) 26 (61.9) 0.082
Bone marrow 62 (27.3) 46 (24.9) 16 (38.1)

Donor Family 71 (31.3) 49 (26.5) 22 (52.4) 0.001
Unrelated 156 (68.7) 136 (73.5) 20 (47.6)

HLA-match Full match 153 (67.4) 121 (65.1) 32 (78.0) 0.246
Mismatch 69 (30.4) 61 (33.0) 8 (19.0)
Haplo-match 5 (2.2) 4 (2.2) 1 (2.4)

Conditioning Myeloablative 168 (74.0) 137 (73.9) 31 (75.6) 0.796
Reduced intensity 59 (26.0) 49 (26.3) 10 (24.4)
Irradiation 93 (41.0) 85 (45.9) 8 (19.0) 0.002

Follow-up (yr) 2.95 (1.01, 5.43) 2.74 (0.85, 5.47) 3.14 (2.04, 4.83) 0.223

**Severe aplastic anemia (N=27), Fanconi anemia (N=3), MDS (N=3), pure red cell aplasia (N=1), diamond-Blackfan anemia (N=1).
***Other:  thalassemia (N=5), hemophagocytic lymphohistiocytosis (N=5), adrenoleukodystrophy (N=4), severe combined immu-
nodeficiency (N=2), chronic granulomatous disease (N=2), hyper IgM syndrome (N=2), pyruvate kinase deficiency (N=2), Krabbe 
disease (N=2), IL-10 receptor deficiency (N=1), GATA2 deficiency (N=1), Wiskott Aldrich syndrome (N=1), chronic active 
Epstein-Barr virus infection (N=1), mucopolysaccharidosis type 4 (N=1).
HSCT, hematopoietic stem cell transplantation; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; HLA, human 
leukocyte antigen; GVHD, graft versus host disease.

Table 2. Acute graft-versus-host disease (GVHD) among subjects

Type Stage N (%)

Skin (N=121, 53.3) 1 66 (29.1)
2 39 (17.2)
3 13 (5.7)
4 3 (1.3)

Gastrointestinal (N=35, 15.4) 1 17 (7.5)
2 11 (4.9)
3 6 (2.6)
4 1 (0.4)

Liver (N=47, 20.7) 1 27 (11.9)
2 8 (3.5)
3 7 (3.1)
4 5 (2.2)

Overall grade of acute GVHD (N=142, 62.6) 1 74 (32.6)
2 32 (14.1)
3 28 (12.3)
4 8 (3.5)

GVHD was the most frequent GVHD symptom, affecting 

66 (29.1%) patients. The next most common was stage II 

skin GVHD (N=39, 17.2%), followed by stage I hepatic 

GVHD (N=27, 11.9%). Stage IV skin, liver, and gastro-

intestinal GVHD occurred in 1.3%, 0.4%, and 2.2% of pa-

tients, respectively. Overall grade II-IV GVHD occurred 

in 68 patients (30.0%).

Within the first 100 days, 118 (52.0%) patients had an 

acute infection (Table 3). Viral reactivation or disease 

was the most common infectious complication (N=97, 

42.7%), followed by bacterial sepsis (N=34, 15.0%), and 

fungal infections (N=13, 5.7%). Quantitative PCR con-

firmed CMV reactivation in 63 patients (27.8%), and CMV 

infection was treated in 44 patients (19.4%). CMV disease 

was in 10 patients (4.4%). BKV was detected in 44 (19.4%) 
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Table 3. Complications other than GVHD

Complication type Details of the complications N (%)

Infection 118 (52.0)
Viral 97 (42.7)

CMV reactivation 63 (27.8)
CMV disease 10 (4.4)
EBV reactivation 2 (0.9)
BKV reactivation 44 (19.4)
BKV disease 27 (11.9)
Other (rhinovirus, boca virus, influenza) 5 (2.2)

Bacterial sepsis 34 (15.0)
Fungal 13 (5.7)

Possible 4 (1.85)
Probable 7 (3.1)
Proven 2 (0.9)

Pulmonary 52 (22.9)
Pneumonia 21 (9.7)
Pleural effusion 8 (3.5)
Bronchiolitis obliterans or cryptogenic organic pneumonia 6 (2.2)
Acute respiratory failure 20 (7.2)

Hepatic sinusoidal obstructive syndrome 30 (18.1)
Mild 6 (2.6)
Moderate 17 (10.6)
Severe 3 (1.4)
Very severe 4 (1.8)

Cardiologic 16 (5.8)
Pericardial effusion 7 (2.5)
Hypertension 4 (1.8)
Heart failure 3 (1.3)
Arrhythmia 2 (0.9)

Renal 27 (11.9)
Acute kidney injury 25 (11.0)
Thrombotic microangiopathy 1 (0.44) 
Renal tubular acidosis 1 (0.44)

Neurologic 9 (4.0)
Other (hyperglycemia, pancreatitis) 4 (1.76)
Engraftment failure 3 (1.1)

GVHD, graft versus host disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus; BKV, BK virus.

subjects during the first 100 days after HSCT, and 27 

(11.9%) of those patients required treatment. Most fre-

quent pathogen was S. Epidermidis (N=11, 31.4%). E.faecium 

(N=6, 17.1%), K.pneumonia (N=6, 17.1%), E.coli (N=5, 

14.3%), A. Baumani (N=5, 14.3%) were also detected. S. 

Mitis, S. Oralis, P. Aeruginosa, Sphingomonas paucimo-

nilis were also detected. Some patients showed multiple 

pathogens. Two cases of proven fungal infections oc-

curred, both bloodstream candidemia (Candida para-

psilosis, Candida krusei). Seven cases (3.1%) were prob-

able fungal infections, and four (1.85%) cases were possi-

ble fungal infections.

Pulmonary complications occurred in 52 (22.9%) pa-

tients, most of whom developed pneumonia (N=22, 9.7%), 

and 9 of which required oxygen support. Respiratory 

failure requiring ventilator support occurred in 20 pa-

tients (7.2%). Among them, 16 patients died, and 4 

recovered. Hepatic SOS were found in 30 (18.1%), and 7 

patients were included in the severe to very severe group. 

Cardiac complications were found in 16 (5.8%) patients, 

with pericardial effusion being the most common cardiac 

complication (7 patients). Renal complications were ob-
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Table 4. Multivariable analysis of factors related to acute complications within 100 days after HSCT

OR (95% CI) P-value

Age 0.99 (0.994-1.00) 0.723
male (vs. female) 1.09 (0.50-2.35) 0.828
Underlying disease of malignancy (vs. non-malignant disease) 3.45 (1.31-9.11) 0.012
Bone marrow stem cell (vs. peripheral stem cell) 0.69 (0.28-1.67) 0.413
Unrelated donor (vs. family donor) 3.36 (1.40-8.03) 0.006
Irradiation (vs. no irradiation) 3.77 (1.51-9.38) 0.004
Reduced intensity conditioning (vs. MAC) 0.35 (0.12-1.02) 0.055

HSCT, hematopoietic stem cell transplantation; OR, odds ratio; CI, confidence interval; MAC, myeloablative conditioning.

Fig. 1. Overall survival rate. 

served in 39 (14.1%) patients, mostly (N=27, 9.7%) AKI. 

Nine of 25 AKI patients (36.0%) needed dialysis. Nine 

(4.0%) patients had neurologic complications such as 

seizures (N=4), intracerebral hemorrhage (N=3), and en-

cephalopathy or polyneuropathy.

Correlations between the acute complications were 

found in aGVHD with VOD, infectious complications 

with pulmonary complications, VOD with pulmonary, re-

nal complications, and cardiac with renal complications. 

Patients who had aGVHD were affected by the occur-

rence of VOD (OR 29.33, 3.47-242.62, P=0.002) or aGVHD 

contributed to the occurrence of VOD (OR 33.04, 3.5- 

309.85, P=0.002). Pulmonary complications contributed 

to infectious complications (OR 3.73, 1.71-8.15, P=0.001), 

while VOD contributed to the occurrence of pulmonary 

complications (OR 3.62, 1.33-9.83, P=0.009), and in-

fectious complications also contributed to pulmonary 

complications (OR 3.98, 1.80-8.83, P=0.001). Renal com-

plications were related with age (OR 1.17, 1.06-1.29, 

P=0.002), VOD (OR 6.44, 1.67-24.85, P=0.007), cardiac 

complications (OR 11.47, 2.76-47.69, P=0.001) in multi-

variate analysis. 

3) Comparison of variables between patients with and 

without acute complications

Among all the patients, 186 patients (81.9%) suffered 

from early complications, and 41 (18.1%) were free of 

complications (Table 1). Among the variables, donor type 

(family or unrelated), and irradiation were statistically 

relevant to acute complications. In the multivariable 

analysis (Table 4), malignancy as the underlying disease, 

unrelated donor transplantation, and irradiation were 

factors that contributed to acute complications after 

transplantation, with odds ratios of 3.45 (1.31-9.11), 3.36 

(1.40-8.03), and 3.77 (1.51-9.38), respectively. 

4) Deaths and the long-term survival rate 

5-year survival of the malignant group was 64.1% 

±4.0, and non-malignant group was 73.9%±5.7%. (Fig. 1). 

Among our patients, 19 died within the first 100 days af-

ter HSCT (8.4%) (Table 5, Fig. 2). The expired patients’ 

median age at HSCT was 11.5 (IQR 5.7-16.1) years. 

Median number of days from HSCT to expiry was 59 (IQR 

26.5-70.0). The most frequent cause of death was in-

fection (N=9, 47%), followed by disease progression and 

GVHD, which each killed 4 (21.1%) patients. Two patients 

died of unknown causes after a sudden collapse within 

48 hours after HSCT. 
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Table 5. Characteristics of patients who died within 100 days

Patient 
number

Age at 
HSCT

Sex Underlying disease
Days after 
transplant

Cause of death

7 19.3 F Aplastic anemia 66 CMV pneumonitis
8 2.3 F Hemophagocytic syndrome 71 CMV colitis 

16 10.5 F Ewing’s sarcoma 95 Pneumonia, pneumothorax, ARDS
19 10.3 F AML 69 CMV pneumonitis
23 5.8 F Malignant melanoma 44 Disease progression
26 4.9 M Neuroblastoma  1 Shock, multiorgan failure (cause unknown)
39 16.2 M Aplastic anemia 25 Fungal sepsis
52 13.9 M ALL 51 Acute GVHD (skin)
59 11.5 M Non-Hodgkin’s lymphoma 59 Hemorrhagic cystitis, acute kidney injury, bacterial sepsis
60 16.1 M ALL 11 Pneumonia, ARDS
79 0.82 F ALL 95 Acute GVHD (hepatic, GI)

134 16.7 M AML 54 Disease progression, liver failure
155 20.2 M ALL 67 GVHD (liver, GI), hepatic SOS, bacterial sepsis
159 5.4 F Burkitt leukemia 28 Disease progression
169 16.7 M Burkitt lymphoma 91 Disease progression, CMV colitis
206 2.2 M Neuroblastoma 69 Fungal sepsis  
210 7.7 F Aplastic anemia 15 Bacterial sepsis
213 16.0 M ALL  2 Unknown origin of shock (r/o cardiogenic shock)
225 13.4 F AML 99 Hepatic SOS

CMV, cytomegalovirus; ARDS, acute respiratory distress syndrome; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; 
GVHD, graft versus host disease; SOS, sinusoidal obstructive syndrome.

Fig. 2. Cumulative incidence of death within 100 days after 
transplantation. 

Discussion

In this study, we have presented the incidence and 

profiles of acute complications (within 100 days) after 

pediatric HSCT. Although complications after HSCT are 

a well-known subject, this study has several novel findings. 

Comparison with other studies is difficult due to the 

heterogeneity of patients and transplantation settings; 

however, we found trends similar to those previously re-

ported in that acute GVHD and infectious complications 

were the most common problems during the acute phase 

after transplantation. 

Acute GVHD is a common, well-known, and life-threat-

ening complication, but data focusing on pediatrics are 

rarely reported. Compared with the report of MacMillan 

et al., which was a single-center experience of pediatric 

patients with GVHD, the overall incidence of grade 2-4 

GVHD was not different in our population [18]. Among 

the 19 patients who died within 100 days of HSCT, only 

3 patients were directly influenced by GVHD. 

Infectious complications within 100 days can be div-

ided into the pre-engraftment phase (first 2-4 wk after 

HSCT) and the early-post-engraftment phase (until 100 

days after HSCT). CMV is the most frequent viral in-

fection, with a CMV reactivation rate of 30-70% after al-

logeneic HSCT [19]. In Studer’s study, the CMV re-

activation rate was 30.7%, and CMV disease occurred in 

8.5% of patients. In our study, the CMV reactivation rate 
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was 27.8%, similar to the previous study; however, CMV 

disease occurred in 4.4% of patients, small numbers 

compared to the previous report. It is suspected that the 

reason for the low incidence of CMV disease is due to 

the active preemptive treatment of CMV when re-

activation occurs. 19.4% of patients used ganciclovir for 

treatment or preemptive purpose. However, there is also 

a possibility that fewer cases of CMV disease were count-

ed in reality due to the limitations of retrospective 

studies.

In an Italian study, fungal infections (proven/probable) 

were reported in 6.7% of patients within 100 days after 

allo-HSCT [20]. In our study, only 5.7% of patients devel-

oped fungal infections (possible/probable/proven), and 

proven/probable infections occurred in only 4.0%, which 

is lower than in the previous study. That difference could 

have originated in the time difference or the difference 

between adults and children. The median age in the 

Italian study was 43 years. In a prospective study, 

Candida species were the leading pathogen causing fun-

gal infections in the early pre-engraftment phase. In the 

whole period, Aspergillus species were more frequent 

than other fungal infections, including candidiasis [21]. 

In our study, only 2 proven fungal infections occurred, 

and both of them were candidiasis. The patients were di-

agnosed 7 and 59 days after HSCT, and they both died 

of their infections. Including the probable and possible 

fungal infections, 5 cases of aspergillosis, 5 of candi-

diasis, and 3 of unknown pathogens occurred.

Pneumonia or pneumonitis is the main pulmonary 

complication after HSCT, with several studies reporting 

acute infectious or noninfectious pulmonary infiltrates in 

up to 50% of patients [22] and acute pneumonitis in 5% 

within 100 days after HSCT [23]. In our study, the total 

pulmonary complication rate was 22.9% (N=52), which is 

similar to the rate in a previous study. Pneumonia (N=22) 

and acute respiratory failure (N=20) were the most com-

mon conditions. Most patients recovered, though severe 

pulmonary complications did cause the deaths of a few 

patients. 

BOS is considered to be a pulmonary manifestation of 

chronic GVHD that usually develops more than 100 days 

after HSCT. However pulmonary function might start to 

decrease within 100 days, 5 (2.2%) patients in this study 

showed evidence of BOS within 100 days. We routinely 

do pulmonary function tests around 3 months after 

HSCT, which might explain our early detection of BOS.

In a review article, including adults, showed that the 

rate of total cardiac complications after HSCT is less 

than 10% [24]. In a previous study, arrhythmia (4-9%) was 

the most frequent acute cardiac complication within 100 

days. Arrhythmia is usually detected within 10 days in 

about 5% of patients following HSCT [25]. In our study, 

only 2 cases of arrhythmia developed, and they hap-

pened at 29 and 19 days after HSCT. Pericardial effusion 

occurred in 2.5% (N=7) of our patients, similar to the 3% 

reported in a study of 391 adults, whose median time of 

onset was 270 days [26]. Life-threatening pleural effusion 

developed in only 1 patient. Hypertension was rare (1.8%) 

compared with a previous study that reported that 7.6% 

of patients required hypertension medication after trans-

plantation [27].

The incidence of hepatic SOS in other studies is highly 

variable, ranging from 5% to 60%, depending on the set-

ting of HSCT [28]. In our study, hepatic SOS was diag-

nosed in 13.2% (N=30) of patients, with 7 patients (3.2%) 

having severe to very severe cases. That was because we 

applied the drug defibrotide to some patients earlier 

than they fulfilled the diagnostic criteria. The incidence 

of SOS has become lower since 2013, when defibrotide 

was introduced. 

AKI is a well-known complication after allo-HSCT, af-

fecting 42-84% of pediatric transplant recipients within 

the first 100 days [29]. We detected lower rates of kidney 

complications than in previous reports. This incon-

sistency may be due to the racial differences. Kizilbash 

et al. reported that the incidence of AKI in Asian patients 

was lower than other races [30]. And serum creatinine 

level can fluctuate, so KDIGO grade 1 could detected 

lower. According to KDIGO AKI definition, grade 1 in-

clude 0.3 mg/dL elevation within 48 hours, or increase 

in serum creatinine by 1.5 fold above baseline which is 

known or presumed to have occured within 7 days. But, 

some patients don’t have 48 hours results, and baseline 



 Acute Complications of Pediatric HSCT

Clin Pediatr Hematol Oncol    19

serum creatinine level can fluctuate, so some of KDIGO 

grade 1 cases could be excluded. Considering these rea-

sons, we need further evaluation to find out the lower in-

cidence of AKI. 

Complications could be related to other complications. 

As mentioned in the results, in multivariate analysis, 

aGVHD and VOD occurrence is contributed to each 

other. Other complications had similar relationships. But 

we think that cardiac complications and infectious com-

plications are not closely related. Further research is 

needed to figure out the mechanism, and prevention of 

provocation of one complication to others.

This study has outlined the various complications that 

occurred within 100 days after allogeneic HSCT. Many 

studies have focused on individual complications in de-

tail, but few studies have collected systemic complica-

tions together following pediatric transplantation. By de-

scribing the total landscape of acute complications after 

HSCT, we were able to look into the factors that affect 

patients’ final outcomes. Underlying malignancy, un-

related donor transplantation, and irradiation as con-

ditioning increased toxicity in the patients. 

This study has some limitations. First, this is a retro-

spective study, so subjective factors might have affected 

the results, especially when patients’ signs and symptoms 

recorded in the archive were important. Second, most 

patients received full matched family donor or unrelated 

donor transplantation, with only a few cases of hap-

loidentical transplantation. Because the number of hap-

loidentical transplants being performed is increasing, the 

acute complications reported in this study might not re-

flect recent trends in HSCT complications. Moreover, this 

study considered only acute events. The long-term out-

comes of the patients would be affected by other factors 

after our study period.

Despite those limitations, we were able to describe the 

incidence and types of acute toxicity and complications 

after pediatric allogeneic HSCT. This study widens the 

understanding of HSCT and could be used to make deci-

sions about using HSCT as a treatment for pediatric 

patients. More well-designed retrospective and prospec-

tive studies investigating pediatric HSCT are needed to 

balance the complications and effectiveness of trans-

plantation. 

A significant number of children still have experienced 

a variety of acute infectious or non-infectious complica-

tions after allogeneic HSCT that contribute to morbidity 

and mortality. Therefore, continuous efforts are needed 

to reduce them.
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