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Simple Summary 

This study aims to evaluate the incidence, clinical spectrum, and associated risk factors of 
neurological complications developing in patients undergoing allogeneic hematopoietic stem cell 
transplantation (allo-HSCT) at our center. Neurological complications were observed in 18 out of 108 
patients included in the study (16.7%). In patients who developed neurological complications, CMV 
positivity (p=0.000), acute GVHD (p=0.014), and chronic GVHD (p=0.009) were observed more 
frequently. 

Abstract 

Objective: Neurological complications following allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) are rare but serious events that significantly impact morbidity and mortality. This study 
aims to evaluate the incidence, clinical spectrum, and associated risk factors of neurological 
complications in patients who underwent allo-HSCT at a single center. Methods: We retrospective 
analyzed 108 patients who underwent allo-HSCT between January 2022 and December 2024. Patients 
were categorized by transplant type: myeloablative related donor (n=48), myeloablative unrelated 
donor (n=36), and haploidentical transplant (n=24). Neurological complications were observed in 18 
patients (16.7%) and analyzed in terms of demographics, transplant type, hematologic diagnosis, 
conditioning regimen, infections, GVHD status, and outcomes. Results: The mean age of affected 
patients was 52.56 years (range 20–71), with equal gender distribution. Neurological complications 
developed between day 15 and day 395 post-transplant (mean: day 200). CMV positivity was detected 
in 14 of 17 patients with neurological complications. Acute GVHD was present in 11 patients and 
chronic GVHD in 5 patients. Statistical analysis revealed a significant association between 
neurological complications and CMV positivity (p=0.000), acute GVHD (p=0.014), and chronic GVHD 
(p=0.009). Ten patients died, with causes including disease progression, severe GVHD, CMV 
encephalitis, and hemophagocytic syndrome. Conclusion: Neurological complications post-allo-
HSCT are diverse and often fatal. CMV infection, acute and chronic GVHD are significant risk factors. 
Early diagnosis and multidisciplinary management are essential to improve outcomes.  

Keywords: allogeneic bone marrow transplantation; neurological complications; plasmapheresis 
 

Introduction 

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative treatment for 
various hematologic malignancies. Despite its therapeutic potential, allo-HSCT is associated with a 
range of complications, including neurological events that can severely affect patient outcomes.  

Neurological complications (NC) are frequently seen after allo-HSCT and are associated with 
significant morbidity and mortality [1,2]. 
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These complications are heterogeneous and not easy to classify; they may include different 
entities such as infections, disease relapse, drug-related toxicity, cerebrovascular events, and 
metabolic and immune-mediated disorders. 

NCs following are allo-HSCT classified according to the time of onset; early complications are 
generally associated with conditioning regimen, bone marrow aplasia, and drug toxicity, while later 
neurological complications may arise due to infections, graft-versus-host disease (GVHD), and/or 
immunosuppressive therapy. The reported incidence of NCs following allo-HSCT varies widely from 
8% to 55% in different retrospective studies, depending on the definition of NCs, study population, 
follow-up, and type of allogeneic stem cell transplantation procedure [3–5]. 

The most common mechanisms for the development of NC’s following  allo-HSCT are: 

1. Drug toxicity (calcineuron inhibitors, methotrexate, busulfan, other cytotoxic agents, radiation, 
azoles), 

2. Opportunistic infections, 
3. Disruption of metabolic homeostasis due to sepsis or organ failure, 
4. Recurrence of underlying malignancy in the central nervous system. 

There is a wide overlap between the clinical features of different central nervous system 
syndromes. Therefore, differential diagnosis is difficult in clinical practice. The resulting delay in 
clinical management can lead to a significant increase in mortality. (6-12) 

This study provides a retrospective analysis of all major central nervous system complications 
observed in patients who underwent transplantation at a single institution over a two-year period. 
The aim of this analysis was to assess the incidence of various central nervous system disorders, 
identify risk factors, and analyze their impact on the outcome of allogeneic stem cell transplantation. 

Methods 

Eligibility Criteria 

All adult patients with hematological diseases who underwent allogeneic stem cell 
transplantation (alloHSCT) at Medicana Izmir Hospital between January 2022 and December 2024 
were included in this study. The hospitalʹs Institutional Ethics Committee approved the protocol, and 
written informed consent was obtained from all patients in accordance with the Declaration of 
Helsinki. 

Data Collection 

Patients who developed neurological complications were retrospectively examined in detail by 
a hematologist and a neurologist, focusing on neurological symptoms, diagnostic methods, time and 
cause of symptom onset, type of transplant, immunosuppressive treatments received, GVHD status, 
and infections. 

Systemic immune and inflammation markers such as the systemic immune-inflammatory index 
(SII), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), HALP (hemoglobin, 
albumin, lymphocyte, and platelet) score, are parameters readily obtainable using routine complete 
blood counts and albumin values, and their prognostic value has been studied recently [13–19]..SII 
(platelet count × neutrophil count/lymphocyte count) reflects the balance between host inflammatory 
and immune status and has been associated with survival outcomes in various solid tumors [20–26]. 
Similarly, high NLR and PLR values have been associated with poor prognosis in both oncological 
and hematological cancers [27–30]. 

In our study, SII, NLR, PLR, and HALP scores were examined in patients with hematological 
malignancies who underwent allogeneic transplantation, and the aim was also to compare patients 
who developed neurological complications with those who did not. 

This retrospective study included 108 patients who underwent allo-HSCT at Medicana Izmir 
Hospital between January 2022 and December 2024. Patients were classified by transplant type: 
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myeloablative related donor (n=48), myeloablative unrelated donor (n=36), and haploidentical 
transplant (n=24). 

Neurological complications were identified in 18 patients (16.7%) and analyzed for demographic 
data, hematologic diagnosis, conditioning regimen, GVHD status, infections, NLR, PLR, SII, Halp 
score and outcomes. 

Transplantation Procedures 

Conditioning Regimens 

The conditioning regimens were administered according to institutional protocols, based on the 
hematopoietic stem cell source, donor type, patient age, comorbidities, and underlying disease. 
Conditioning regimens according to donor type—matched sibling donor (MSD), HLA-matched 
unrelated donor (MUD) considering high-resolution typing of HLA-A, -B, -C, -DRB1, and -DQB1 or 
haploidentical family donor 

GVHD Prophylaxis and Therapy 

GVHD prophylaxis differed according to the type of hematopoietic stem cells source.  
Allo-HSCT from MSD received cyclosporine combined with mycophenolate mofetil (MMF), 
Patients undergoing allo-HSCT from an MUD received a combination of cyclosporine with 

MMF and antithymocyte globulin (ATG) and post-transplantation cyclophosphamide (on days +3 
and +5) 

Haploidentical allo-HSCT received post-transplantation cyclophosphamide (on days +3 and +5) 
combined with cyclosporine and MMF. 

Patients developing grade II-IV acute GVHD (aGVHD) received methylprednisolone 2 
mg/kg/day as initial therapy, with Ruksolitinib fosfat used in steroid-refractory cases. Chronic GVHD 
(c-GVHD) was treated with prednisone 1 mg/kg/day. [31,32]. 

Definitions 

NC’s was defined as any neurological event occurring between the start of the conditioning 
regimen and the last follow-up. The onset of a neurological event was defined as the first day of 
neurological symptoms leading to diagnosis. NC’s were divided into CNS and peripheral nervous 
system (PNS) events. They were classified into different categories according to diagnosis made by a 
combination of clinical, radiological, laboratory, and microbiological findings. Pre-existing 
neurological complications were not included in the study. 

Calculation of Immune-Inflammatory Indices 

Systemic immune-inflammation index (SII): platelet count × neutrophil count/lymphocyte count. 
Neutrophil-to-lymphocyte ratio (NLR): neutrophil count/lymphocyte count. 
Platelet-to-lymphocyte ratio (PLR): platelet count/lymphocyte count. 
Monocyte-lymphocyte ratio (MLR):  monocyte count/ lymphocyte count 
The HALP (hemoglobin, albumin, lymphocyte, and platelet) score:  
hemoglobin(g/L) x albumin (g/L) x absolute lymphocyte count (k/µL) divided by platelets (k/µL) 

Statistical Analyses 

Statistical analyses were conducted using “IBM SPSS Statistics for Windows, Version 25.0 
(Statistical Package for the Social Sciences, IBM Corp., Armonk, NY, USA)”. Descriptive statistics are 
presented as n and % for categorical variables, and as mean ± SD and median (min–max) for 
continuous variables. An ROC curve analysis was used in the prediction of morbidity via various 
indices. The Kaplan–Meier method was used to compare survival and EFS durations among clinical 
groups, with p < 0.05 considered statistically significant 
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Results 

Patient, Transplantation, and Graft Characteristics 

One hundred eight consecutive allo-HSCT recipients who allografted at our institution were 
included in this study. Patient, disease, and transplantation characteristics according to the 
development of NCs are summarized in Table 1. In our series, allo-HSCT was performed using an 
MSD in 48 patients (44.4%), 36 (33.3%) from an MUD, and 24 (22.2%) from a haploidentical donor. 
The median patient age was 47 years, and most patients had acute leukemia (77.8%). The median 
follow-up of surviving patients was 71 months (range, 11 to 213 months).  

Of the patients, 57 (52.8%) were male. 36 patients (33.3%) received ATG, and 77 patients (71.3%) 
received post-transplant cyclophosphamide. In 17 patients (15.7%), the transplant was performed 
from a female donor to a male patient. Acute GVHD developed in 51 patients (47.2%), and chronic 
GVHD in 24 patients (22.2%). Febrile neutropenia was observed in 81 patients (75%). NC’s developed 
in 18 (16.7%) of the 108 patients included in the study.  

The age range of 18 patients who developed complications (20-71 years) had a mean of 52.56 
years, 50% were female, and 50% were male. Regarding the type of transplant, 9 patients received 
myeloablative related, 6 patients myeloablative unrelated, and 3 patients haploidentical allogeneic 
stem cell transplants. NC’s developed between 15-395 days, with a mean of 200 days post-transplant. 
As for the conditioning regimen, 14 patients received fludarabine-melphalan, 4 patients received 
fludarabine-treosulfan, and 12 patients received post-transplant cyclophosphamide treatment. ATG 
was added to the conditioning regimen for the 6 patients with unrelated transplants. Regarding the 
neurological complications that developed; 2 patients had Guillain-Barré syndrome, 2 patients had 
CMV encephalitis, 1 patient had HHV-6 encephalitis 1 patient had  
Posterior reversible encephalopathy syndrome (PRES), 1 patient had Acute Disseminated 
Encephalomyelitis (ADEM) , 1 patient had autoimmune encephalitis, 1 patient had widespread 
emboli in the pons and cerebellum, 1 patient had central nervous system involvement due to 
hemophagocytic syndrome (HPS)  (These 10 patients are described in detail in Table 2) ,  2 patients 
had neuropathic pain due to varicella-zoster infection and 3 patients had central nervous system 
involvement (2 patients with AML, 1 patient with multiple myeloma), polyneuropathy developed in 
3 patients. Neurological complications most frequently occurred in patients diagnosed with AML 
(44.4%); acute GVHD was observed in 11 of the 18 patients who developed complications (3 patients 
IBMT grade A, 4 patients grade  B, 4 patients grade  C). Acute GVHD developed in the skin in 10 
patients, in the liver in 3 patients, and in the gastrointestinal system in 7 patients, while chronic 
GVHD developed in 5 patients.  

When patients who developed neurological complications were examined, it was observed that 
CMV positivity was significantly higher in these patients (p=0.000), with Acute GVHD in 11 patients 
(p=0.014) and Chronic GVHD in 5 patients (p=0.009). 

When comparing patients who developed neurological complications with those who did not, 
no statistically significant differences were found in terms of age, gender, disease diagnosis, 
transplant type, post-transplant cyclophosphamide use, ATG use, transplant from a female donor to 
a male patient, febrile neutropenia, albumin level, ferritin level, HALP score, SII, PLR, NLR, MLR 
.(Table 1) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2026 doi:10.20944/preprints202602.1518.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1518.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 11 

 

 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2026 doi:10.20944/preprints202602.1518.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1518.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 11 

 

 

 

During the complications, 11 patients were receiving immunosuppressive therapy, and 6 
patients had fever. Cerebrospinal fluid (CSF) analysis revealed HHV-6 positivity in 1 patient and 
CMV positivity in 2 patients. Central nervous system involvement was present in three patients (1 
patient with multiple myeloma, 2 patients with AML).  NC’s developed in four patients during 
disease relapse. Plasma exchange was applied to 4 patients who developed Guillain-Barre syndrome 
and to 1 patient with HPS with CNS involvement and 1 patient with ADEM . During follow-up, 10 
of the 18 patients who developed neurological complications were lost. 

Only one patient died within the first 100 days after transplantation, eight patients died within 
the first year, and one patient died after the first year of the transplant. Examining the causes of death, 
one patient died of sudden cardiac arrest while in remission, one patient from HPS with CNS 
involvement, one patient from resistant CMV infection, one patient from ADEM syndrome and 
severe GIS GVHD, three patients from disease progression, one patient from resistant Klebsiella 
pneumonia infection- Guillain-Barre syndrome and disease progression, one patient from 
pneumonia, and one patient from severe GIS-skin GVHD, Guillain-Barre syndrome, and pneumonia. 
Four of the deceased patients had relapsed disease. Summaries of all patients who developed central 
neurological complications are presented in Table 2. 
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Discussion 

NC’s post-allo-HSCT are diverse and associated with high mortality. CMV infection, acute 
GVHD, and chronic GVHD are significant risk factors. Early diagnosis, infection control, and 
multidisciplinary management are essential to improve patient outcomes. 

This study was conducted to identify NC’s that develop in patients undergoing allo-HSCT at 
our center. Despite the limitations imposed by the retrospective nature of the study, this single-center 
study included a relatively homogeneous conditioning regimen and GVHD prophylaxis. One of the 
aims of this study was to evaluate NCs according to donor source. There is little published data on 
the effect of transplantation from an alternative donor (MUD or haploidentical) on the incidence of 
NC’s [33]. and neurological complications have developed more frequently after allo-HSCT from an 
alternative donor [34,35]. 

Previous studies [31,32,36–38] have reported that approximately 8.3–24% of patients develop 
NC’s after HSCT. Inter-study comparisons are difficult due to the heterogeneity of patient and 
transplantation characteristics, definitions of neurological events, and follow-up time. NC’s , 
particularly those related to the central nervous system, including encephalopathy, have been 
associated with a poor prognosis leading to a high mortality rate after  allo-HSCT [39,40], and 
accurate and timely diagnosis and intervention are crucial to improve outcomes in these cases. 

In our study, NC’s developed in 18 of the 108 patients (16.7%) who participated in the study. 
Systemic inflammatory processes are thought to be closely related to endothelial dysfunction, a 

damaged blood-brain barrier, and decreased cerebral blood flow.(41) Leukocytes are important 
components of systemic inflammation and play a significant role in immune regulation. Platelets 
have a primary role in the thrombo-inflammation of stroke and predict poor functional outcomes. 
The inflammatory response damages brain tissue by causing damage both inside and outside blood 
vessels, and also damage to neurons.(42) In contrast, lymphocytes are known to control the 
inflammatory response by regulating and repairing inflammation during cerebral ischemia. 

When comparing patients who developed NC’s with those who did not, no statistically 
significant differences were found in albumin levels, ferritin levels, systemic immune and 
inflammation markers such as HALP score, SII, PLR, NLR, MLR (table 1) 

Leukoencephalopathy can develop due to chemotherapy and subsequent calcineurin inhibitors 
used by patients, but in many cases it may be mild and reversible [43]. PRES  resulting from acute 
blood pressure increase associated with calcineurin inhibitors and corticosteroids is a clinical 
syndrome typically characterized by visual changes, changes in mental status, and seizures [44]. 

In our patient group, only one patient developed PRESS syndrome. We believe the reason for 
this low number is due to the fact that cyclosporine blood levels were monitored very closely in the 
patients and their blood pressure was followed very carefully. 

In our current analysis, infection was found to be a more frequent cause of neurological 
complications. Individuals undergoing HSCT are particularly susceptible to viruses, bacteria, or 
invasive molds, and CNS infection has been shown to be an indicator of a poor prognosis [2,37,38,45]. 

The incidence of CNS infection after allo-HSCT can be as high as 15% [24]. Aspergillus and 
toxoplasmosis are among the most common causes, and other fungi and viruses can also be a source 
of CNS infection. Previous studies have shown that high-risk disease status is a risk factor for CNS 
infection, which significantly reduces overall survival [2]. 
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However, in practice there are several limitations in identifying the causative microorganisms 
because brain biopsy can be problematic for patients with poor underlying conditions and PCR 
detection, despite the high sensitivity and specificity of this test, is only possible for a few 
cerebrospinal fluid viruses such as HSV and CMV [46]. 

CMV reactivation and GVHD emerged as significant contributors. CMV’s neuroinvasive 
potential and immunosuppressive effects are well documented. 

CMV positivity was detected in the CSF of two of our patients. 
Furthermore, patients with high blood CMV-PCR levels showed statistically significant 

neurological complications. (p-value 0.000) 
In one patient, although HHV type 6 could not be detected in the cerebrospinal fluid (CSF), it 

was detected in a PCR test taken from a dural biopsy. This patient received long-term intravenous 
ganciclovir treatment and is currently in remission and free of infection, 18 months after the initial 
infection. 

Therefore, to improve patient outcomes, prophylactic antibacterial, antifungal, and antiviral 
treatments should be administered depending on the time elapsed after stem cell transplantation and 
the patientʹs immune status. 

Three of our patients had central nervous system involvement during follow-up (2 patients with 
AML, 1 patient with multiple myeloma). Since all ALL patients had received CNS prophylaxis, no 
recurrence was observed. 

In many previous studies, GVHD has been identified as a risk factor for neurological sequelae 
[7,31,32,46,47] and the prognosis of CNS- GVHD is claimed to be very poor [48]. 

GVHD may disrupt the blood-brain barrier and promote neuroinflammation. 
In addition to CNS- GVHD, neurological events associated with CNS infections and thrombotic 

microangiopathy (TMA) may be frequently observed in patients with GVHD following increased use 
of calcineuron inhibitors and corticosteroids [49]. In our current study, no patient was diagnosed with 
CNS- GVHD, but NC’s were observed to develop statistically significantly more frequently in 
patients who developed acute and chronic GVHD (p values 0.014 and 0.009, respectively). 

Immune-mediated neurological complications can frequently develop. (50) In our patient group, 
GBS was suspected in 2 patients, ADEM  in one patient, and HPS-CNS involvement in one patient. 
All four patients were initially treated with plasmapheresis, and after no response, IVIG treatment 
was given. However, all patients died due to various neurological and infectious complications. 

In line with previous reports [23,51,52], patients who developed NC’s  after  allo-HSCT had a 
high mortality rate.  In our study;  10 out of 18 patients who developed neurological complications 
died (55.5%). 

Conclusions 

NC’s after  allo-HSCT can present with various clinical manifestations and require early 
diagnosis and a multidisciplinary approach. Immunosuppressive therapy, presence of infection, and 
disease relapse may be significant risk factors for the development of complications. These findings 
indicate that clinical awareness needs to be increased in terms of preventing and managing 
neurological complications. 
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