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Abstract 
Background: Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative treatment 
option for patients with high-risk hematologic malignancies; however, complications related to HLA 
mismatch remain a major concern. This study aimed to retrospectively evaluate the relationship between 
the degree of HLA mismatch and relapse or survival outcomes in patients undergoing haploidentical 
HSCT (Haplo-HSCT) at Group Florence Nightingale Hospital. 
Materials and Methods: A total of 95 patients who underwent haplo-HSCT between 2013 and 2021 at 
Group Florence Nightingale Hospital were retrospectively analyzed. All patients had a minimum follow-
up of 12 months. Patients were classified according to the degree of HLA mismatch (4/10–8/10 matched, 
with antigen or allele mismatch). Associations between patient, donor, and transplant characteristics and 
outcomes including disease-free survival (DFS), overall survival (OS), relapse, graft failure, and graft-
versus-host disease (GVHD) were assessed using the Kaplan–Meier method. 
Results: Diagnoses included AML(37.9%), ALL(31.6%), CLL(2.1%), MDS(5.3%), NHL(17.9%), and HL 
(5.3%). Complete remission was achieved in 74.7% of cases. Myeloablative conditioning was 
administered in 87.4% of patients. Post-transplant cyclophosphamide (PTCy) was the most frequently 
used GVHD prophylaxis. Acute and chronic GVHD developed in 36.8% and 33.7% of patients, 
respectively. Relapse occurred in 21.1% of cases. No statistically significant relationship was found 
between HLA mismatch degree and OS, DFS, relapse, or GVHD incidence. 
Conclusions: The degree of HLA mismatch showed no significant impact on survival or transplant-
related outcomes when evaluated alongside disease, patient, donor, and transplant-related factors. These 
results support haplo-HSCT as a safe and feasible alternative for patients lacking a fully HLA-matched 
donor. Keywords: Allogeneic, Haploidentical, HSCT, HLA, Relapse, GVHD 
 
Öz 
Amaç: Allojenik hematopoietik kök hücre nakli (allo-HKHN), yüksek riskli hematolojik malignitelerde 
küratif bir tedavi seçeneği olmakla birlikte, HLA (Human Lökosit Antijen) uyumsuzluğuna bağlı 
komplikasyonlar önemli bir sorun oluşturmaktadır. Bu çalışmanın amacı, haploidentik HKHN 
uygulanan hastalarda HLA uyumsuzluk derecesi ile relaps ve sağ kalım sonuçları arasındaki ilişkinin 
retrospektif olarak değerlendirilmesidir. Gereç ve Yöntem: 2013–2021 yılları arasında Grup Florence 
Nightingale Hastanesi’nde haploidentik HKHN yapılan 95 hasta retrospektif olarak incelendi. Tüm 
hastalar en az 12 aylık takip süresini tamamlamıştı. Hastalar HLA uyumsuzluk derecesine göre 4/10–8/10 
arasında (antijen veya allel uyumsuzluğuna sahip) sınıflandırıldı. Hasta, donör ve nakil özellikleri ile 
hastalıksız sağ kalım (DFS), genel sağ kalım (OS), relaps, greft yetmezliği ve graft versus host hastalığı 
(GVHH) arasındaki ilişkiler Kaplan–Meier yöntemiyle değerlendirildi. p<0,05 istatistiksel olarak anlamlı 
kabul edildi. Bulgular: Tanılar arasında AML (%37,9), ALL (%31,6), KLL (%2,1), MDS (%5,3), NHL 
(%17,9) ve HL (%5,3) yer aldı. Tam remisyon oranı %74,7 idi. Miyeloablatif hazırlık rejimi %87,4 hastada 
uygulandı. En sık kullanılan GVHH profilaksisi post-transplant siklofosfamid idi. Akut GVHH %36,8, 
kronik GVHH %33,7 oranında, relaps ise %21,1 oranında görüldü. HLA uyumsuzluk derecesi ile OS, 
DFS, relaps ve GVHH arasında anlamlı ilişki saptanmadı. 
Sonuç: HLA uyumsuzluk derecesi; hastalık, hasta, donör ve nakil ilişkili faktörlerle birlikte 
değerlendirildiğinde, sağ kalım veya nakil sonuçları üzerinde anlamlı bir etki göstermemiştir. Bu 
bulgular, tam uyumlu donör bulunamayan hastalarda haploidentik HKHN’nin güvenli ve uygulanabilir 
bir seçenek olduğunu desteklemektedir.  
Anahtar Kelimeler: Allojenik, Haploidentik, HKHN, HLA, Relaps, GVHH 
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         Introduction  

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a potentially curative treatment modality for 
patients with high-risk hematologic malignancies (1). Optimal donor selection, particularly human leukocyte 
antigen (HLA) compatibility, is a critical factor influencing transplant outcomes, including engraftment, GVHD, 
relapse, and survival (2). However, only a limited proportion of patients have access to fully HLA-matched 
donors. Haplo-HSCT has emerged as a valuable alternative donor strategy, significantly expanding transplant 
access (3,4). Advances in PTCy and supportive care have improved outcomes, making haplo-HSCT a widely 
accepted approach (5,6). Nevertheless, the clinical significance of increasing HLA mismatch in haplo-HSCT 
remains controversial (7,8). 
This study aimed to evaluate the relationship between HLA mismatch degree and clinical outcomes, including 
relapse and survival, in patients undergoing haplo-HSCT. 
 
Material and Methods 
Study Design and Patients 
This retrospective study included 95 adult patients (18–70 years) with hematologic malignancies who underwent 
haplo-HSCT between 2013 and 2021 at the Group Florence Nightingale Hospital, Istanbul. All patients had 
completed at least 12 months of follow-up. Patients were stratified based on the degree of HLA compatibility into 
4/10, 5/10, 6/10, 7/10, and 8/10 matched groups, according to antigen or allele mismatches.  
 
Ethical approval  
This study was conducted in accordance with the Declaration of Helsinki and institutional ethical guidelines. The 
study was approved by the Demiroğlu Bilim University, Clinical Research Ethics Committee (Number: 
44140529/24893), Date: 17.01.2023). Since this study was retrospective, informed patient consent statement was not 
obtained. 
 
 
Inclusion and Exclusion Criteria 
Inclusion criteria were: (1) diagnosis of hematologic malignancy; (2) haploidentical donor transplantation; and (3) 
availability of complete clinical data. Patients with autologous transplants, secondary malignancies, or incomplete 
data were excluded.                                                                                                        
 
Donor and Transplant Characteristics 
HLA matching was assessed at high-resolution typing for HLA-A, -B, -C, -DRB1, and -DQB1 loci. Patients were 
grouped as 4/10, 5/10, 6/10, 7/10, or 8/10 matched. Stem cell sources included peripheral blood (57.9%) and bone 
marrow (42.1%). Conditioning regimens were classified as myeloablative (83 patients) or reduced intensity (12 
patients). GVHD prophylaxis was administered using PTCy (96.8%) or ATG-based regimens (3.2%) with 
cyclosporine and mycophenolate mofetil (MMF).    
Definitions and Endpoints  
Engraftment was defined as the first of three consecutive days with an absolute neutrophil count >500/μL and 
platelet count >20,000/μL. GVHD was graded according to standard European Society for Blood and Marrow 
Transplantation (EBMT) criteria (9,10). Primary outcomes included overall survival (OS) and disease-free survival 
(DFS); secondary outcomes included relapse, engraftment failure, and GVHD incidence.                   
 
Statistical Analysis 
All statistical analyses were performed using SPSS (version 25.0). Continuous variables were summarized as mean 
± SD, categorical variables as frequencies and percentages. Survival probabilities were estimated using the Kaplan–

Highlights   
• No significant association was found between the degree of HLA mismatch and OS, DFS, relapse, or GVHD.  
• Haploidentical HSCT is a safe and feasible option for patients lacking a fully HLA-matched donor.  
• Transplant outcomes appear to be influenced more by patient, disease, and transplant-related factors than 

by HLA mismatch degree.  
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Meier method. The log-rank test was applied to compare survival curves across HLA mismatch groups. A p value 
<0.05 was considered statistically significant. 
 
Results 
The median age of the study population was 41 years (range: 18–70), with 69.5% males and 30.5% females. The 
underlying diseases included acute myeloid leukemia (AML, 37.9%), acute lymphoblastic leukemia (ALL, 31.6%), 
non-Hodgkin lymphoma (NHL, 17.9%), Hodgkin lymphoma (HL, 5.3%), myelodysplastic syndrome (MDS, 5.3%), 
and chronic lymphocytic leukemia (CLL, 2.1%). No statistically significant difference in transplantation outcomes 
was observed according to disease category (acute leukemia: p=0.249; lymphoma: p=0.105; MDS: p=0.117) 
(Figure1). 

 

 

 
Abbeviations: (A) acute lymphoblastic leukemia, (B) acute myeloblastic leukemia, (C) Hodgkin lymphoma, and (D) non-Hodgkin lymphoma. 

 
Figure 1. Kaplan–Meier overall survival curves according to HLA mismatch degree. No statistically significant 

difference was observed among groups (log-rank p = 0.347). 
 

At the time of transplantation, 74.7% of patients were in complete remission (CR), 4.2% in partial remission, and 
21.1% were refractory. Patients transplanted in CR demonstrated a significantly superior overall survival (OS) 
compared with refractory patients (p=0.003). No significant correlation was found between Karnofsky performance 
status and OS (p=0.127). The EBMT risk score showed a significant association with OS (p=0.010), indicating it as 
an independent prognostic factor, whereas no correlation was observed between EBMT score and the degree of 
HLA mismatch (Figure 2). 
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Figure 2. Kaplan–Meier overall survival curves according to EBMT risk score. Increasing EBMT risk score was 

associated with inferior overall survival (log-rank test, p = 0.010). 
 
Peripheral blood stem cells (PBSCs) were used as the graft source in 57.9% of patients and bone marrow (BM) in 
42.1%. Bone marrow grafts were associated with better survival trends, although the difference did not reach 
statistical significance. A myeloablative conditioning regimen (MAC) was administered in 87.4% of cases and 
reduced-intensity conditioning (RIC) in 12.6%. Conditioning intensity was not significantly associated with 
survival outcomes (p=0.152).  
Based on donor-recipient HLA compatibility, 1.1% of transplants were 4/10 matched, 66.3% were 5/10, 15.8% were 
6/10, 11.6% were 7/10, and 5.3% were 8/10 matched. No significant association was found between increasing HLA 
mismatch and survival (p=0.892). Similarly, no correlation was observed between the presence of anti-HLA 
antibodies (PRA) and HLA mismatch degree (p=0.286) (Table 1). 
 
Table 1. Distribution of PRA positivity according to HLA mismatch degree 

HLA match PRA positive (n=30) PRA negative (n=65) Total n(%) 
4/10 matched 1 0 1 
5/10 matched 21 42 63 
6/10 matched 6 9 15 
7/10 matched 2 9 11 
8/10 matched 0 5 5 
Total  (%) 31.6 68.4 95 (100) 

 
Among the donor pool, 42.1% were first-degree relatives, 51.6% second-degree relatives, and 6.4% third-degree 
relatives. Donor kinship degree did not significantly influence survival outcomes (p=0.698). Regarding gender 
compatibility, donor-recipient pairings included male-to-male (48.4%), male-to-female (21.1%), female-to-male 
(20%), and female-to-female (10.5%). ABO compatibility analysis revealed that 60% of pairs were compatible, while 
14.7%, 22.1%, and 3.2% demonstrated major, minor, and bidirectional incompatibility, respectively. None of these 
parameters had a significant effect on survival (p>0.05).  
For GVHD prophylaxis, PTCy was administered in 92 patients (96.8%), and antithymocyte globulin (ATG) in 3 
patients (3.2%). The median time to neutrophil and platelet engraftment (>500/mm³ and >20,000/mm³, respectively) 
was 18 days. Primary graft failure occurred in 4 patients (4.2%) and secondary failure in 2 patients (2.1%). There 
was no statistically significant relationship between the degree of HLA mismatch and engraftment failure 
(p=0.405).  
On day +30 post-transplant, 86 patients (90.5%) achieved complete donor chimerism, and 85 patients (89.5%) 
maintained full chimerism at day +100. Acute GVHD developed in 35 patients (36.8%), while chronic GVHD 
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occurred in 32 patients (33.7%). Neither acute nor chronic GVHD incidence was significantly influenced by HLA 
mismatch degree (p>0.05 for both comparisons) (Table 2). 
 
Table 2. Association between HLA mismatch degree and acute and chronic GVHD incidence. 

HLA mismatch degree 4/10 5/10 6/10 7/10 8/10 Total n(%)  
P  n (%) 1 (1.1) 63 (66.3) 15 (15.8) 11 (11.6) 5 (5.3) 95(100) 

Acute GVHH 1(2.85) 24(68.6) 5(14.3) 4 (11.4) 1(2.85) 35(100) 0.654 

Chronic GVHH 0 22(68.7) 6(18.75) 2(6.25) 2(6.25) 32(100) 0.719 

 

 
 

Figure 3. Kaplan–Meier curves of overall survival according to GVHD status. Patients who developed GVHD 
were compared with those without GVHD. Survival differences were assessed using the log-rank test (p>0.05). 

 
Cytomegalovirus (CMV) IgG serostatus analysis showed that 88.4% of donor-recipient pairs were both 
seropositive, 7.4% were recipient-positive/donor-negative, and 4.2% were recipient-negative/donor-positive. CMV 
reactivation occurred in 76.8% of cases, consistent with reports from PTCy–based haplo-HSCT series. CMV 
reactivation showed no significant correlation with HLA mismatch (p=0.633). However, CMV reactivation was 
significantly associated with recipient seropositivity (p=0.045). Hemorrhagic cystitis occurred in 13.7% of patients 
and was managed successfully with supportive measures. No association was found between hemorrhagic cystitis 
and survival (p=0.897) (Figure 4).  
Relapse was documented in 20 patients (21.1%) with no statistically significant relationship to HLA mismatch 
(p=0.193). Relapse rates for 5/10, 6/10, and 7/10 matches were 65%, 10%, and 25%, respectively. The overall survival 
(OS) rate was 87.3% at day +100, 64.2% at 1 year, and 60% at 2 years. Disease-free survival (DFS) showed a similar 
trend. No statistically significant relationship was detected between increasing HLA mismatch and OS, DFS, 
relapse rate, or GVHD occurrence (p>0.05 for all parameters) (Table 3).  
Veno-occlusive disease (VOD) was observed in only two patients (2.1%). both of whom recovered with defibrotide 
therapy. The low incidence of VOD likely reflects the center’s policy of prophylactic defibrotide administration in 
high-risk patients.  
Cytokine release syndrome (CRS) was not systematically assessed in this cohort. Therefore. CRS outcomes could 
not be included in the statistical analyses and this represents an addictional limitation of the study. although none 
of the patients required intensive care support or showed severe CRS manifestations. This finding aligns with 
literature suggesting that bone marrow–based grafts. which were used in a substantial proportion of our cohort. 
are associated with milder CRS compared to peripheral blood stem cell grafts.  
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Figure 4. Kaplan–Meier curves of overall survival (OS) according to cytomegalovirus reactivation status. 

Patients with CMV reactivation were compared with those without CMV reactivation. Survival probabilities 
were estimated using the Kaplan–Meier method. Survival differences were assessed using the log-rank test (p = 

0.633) 
 
Table 3. Relapse distribution according to HLA mismatch degree. 
HLA matches Relapse  n=20 (%) Number of Haploidentical Transplants 
4/10 matched 0 1   
5/10 matched 13 (65) 63  
6/10 matched 2   (15) 15  
7/10 matched 5   (25) 11  
8/10 matched 0 5 
Total % 20 (100) 95 (100) 
P 0.193 

 
Overall. the results indicate that neither early (engraftment failure. acute GVHD, CMV reactivation) nor late 
complications (chronic GVHD, relapse or mortality) were significantly affected by the number of mismatched HLA 
loci. Relapse remained the leading cause of mortality (50%). followed by infection-related complications (Figure 5). 

 
Figure 5. Kaplan–Meier curves demonstrating overall survival according to the degree of HLA mismatch (4/10–

6/10) between donor and recipient. 
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No statistically significant difference was observed in overall survival according to the number of HLA 
mismatches (p = 0.347) (Table 4). 
 
Table 4. Relationship between HLA Mismatch Degree and Overall Survival. Relapse. and GVHD Rates 

 4/10 matched 5/10 matched 6/10 matched 7/10 matched 8/10 matched Total n (%) P  
n (%) 1 (1.1) 63 (66.3) 15 (15.8) 11 (11.6) 5 (5.3) 95 (100)  
Acute 
GVHD 1 (2.85) 24 (68.6) 5 (14.3) 4 (11.4) 1 (2.85) 35 (100) 0.654 

Chronic 
GVHD 0 22 (68.75) 6 (18.75) 2 (6.25) 2 (6.25) 32 (100) 0.759 

Relapse 0 13 (65) 2 (10) 5 (25) 0 20 (100) 0.193 
Overall 
survival 
(1 year) 

1 (1.6) 41 (67.2) 9 (14.8) 7 (11.5) 3 (4.9) 61 (100) 0.347 

 
Discussion 
Allo-HSCT remains a curative therapeutic option for patients with high-risk or refractory hematologic 
malignancies. Donor-recipient compatibility, particularly HLA matching, is a major determinant of post-transplant 
outcomes, influencing GVHD, engraftment, relapse, and survival. However, because only 25–30% of patients have 
a fully HLA-matched sibling donor, haplo-HSCT using partially matched family donors has become increasingly 
common and effective. Recent advances, especially the use of PTCy, have markedly improved the safety and 
feasibility of haplo-HSCT by mitigating the immunologic barriers traditionally associated with HLA disparity. 
In this single-center retrospective analysis of 95 patients undergoing haplo-HSCT between 2013 and 2021, we 
evaluated whether the degree of HLA mismatch (ranging from 4/10 to 8/10) affected early and late post-transplant 
outcomes. Our findings demonstrated that increasing HLA mismatch did not significantly influence engraftment 
kinetics, incidence of acute or chronic GVHD, relapse rate, or overall survival. One possible biological explanation 
for the limited impact of HLA mismatch observed in our cohort may be related to the immunomodulatory effects 
of PTCy. PTCy selectively eliminates rapidly proliferating alloreactive T cells early after transplantation, which are 
primarily responsible for strong bidirectional allogeneic responses triggered by HLA disparity. In contrast, 
regulatory T cells and hematopoietic stem cells are relatively preserved due to higher expression of aldehyde 
dehydrogenase, allowing immune tolerance and stable engraftment to develop. Through this selective depletion of 
alloreactive clones, PTCy reduces the intensity of graft-versus-host and host-versus-graft reactions, thereby 
attenuating the clinical impact of increasing HLA mismatch. 
Our findings are consistent with previously published studies evaluating the impact of HLA disparity in 
haploidentical transplantation. Raiola et al. reported that increasing HLA mismatch did not significantly affect 
survival outcomes in patients receiving haploidentical transplantation with PTCy-based GVHD prophylaxis. 
Similarly, McCurdy et al. demonstrated comparable overall survival and relapse rates across different degrees of 
HLA mismatch in non-myeloablative haploidentical transplantation platforms. These observations suggest that 
modern GVHD prophylaxis strategies may mitigate the historically detrimental impact of HLA incompatibility. 
(11,12). 
Engraftment failure (EF) remains a major challenge in mismatched HSCT but was relatively uncommon in our 
cohort, with primary EF observed in 4.2% and secondary EF in 2.1% of patients. No significant correlation was 
found between EF and the degree of HLA mismatch (p=0.405). This likely reflects the center’s pre-transplant 
immunologic evaluation and donor selection policy, which excluded donors with antigens corresponding to high-
titer recipient antibodies (PRA >2000 MFI). This careful donor selection may have minimized donor-specific 
antibody (DSA)-mediated graft rejection, aligning with reports that DSA screening improves engraftment 
outcomes in mismatched transplants (13). 
The median time to neutrophil and platelet engraftment was 18 days, consistent with previously reported 
engraftment kinetics for haplo-HSCT using PTCy-based prophylaxis. Full donor chimerism was achieved in more 
than 90% of patients by day +30, confirming effective graft function regardless of HLA disparity. The use of bone 
marrow as the stem cell source was associated with a trend toward improved survival, in agreement with studies 
suggesting that marrow grafts may reduce chronic GVHD incidence compared to peripheral blood grafts (14). 
GVHD remains one of the most critical complications affecting HSCT outcomes. In our study, the incidences of 
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acute (36.8%) and chronic (33.7%) GVHD were comparable to previously published data for PTCy-based haplo-
HSCT (15). Neither acute nor chronic GVHD rates were significantly influenced by the degree of HLA mismatch 
(p=0.654 and p=0.719, respectively). The extensive use of PTCy and the preference for bone marrow grafts in our 
cohort likely contributed to these favorable results. This finding is in line with data from Kasamon et al. and 
Kawase et al., who reported that GVHD incidence is more closely related to GVHD prophylaxis strategy than to 
the exact number of mismatched loci (16,17). 
Infection remains a significant cause of post-transplant morbidity. CMV reactivation occurred in 76.8% of our 
patients, representing the most frequent infectious complication. However, the reactivation rate did not correlate 
with the degree of HLA mismatch (p=0.633). Instead, CMV serostatus was a significant predictor, as reactivation 
occurred predominantly among CMV-IgG positive recipients (p=0.045). This finding confirms previous reports 
that recipient seropositivity, rather than donor compatibility, is the key determinant of CMV reactivation risk (18). 
Despite the high incidence of CMV viremia, no significant adverse effect on survival was observed, consistent with 
recent evidence that modern pre-emptive monitoring and antiviral therapy minimize CMV-related mortality (19). 
Hemorrhagic cystitis (HC) was seen in 13.7% of cases and resolved with supportive care, without significant 
mortality. Similarly, the low incidence of veno-occlusive disease (VOD) (2.1%) supports the safety of the 
conditioning and prophylactic regimen used in our center. CRS, a known early complication in haplo-HSCT, was 
not systematically analyzed in this cohort but was likely mild, given the predominance of bone marrow grafts. 
The overall survival (OS) rates were 87.3% at day 100, 64.2% at one year, and 60% at two years. These values are 
comparable to previously published survival outcomes for haplo-HSCT. Importantly, we found no statistically 
significant relationship between increasing HLA mismatch and OS (p=0.347) or disease-free survival (DFS). 
Relapse remained the most common cause of mortality, accounting for 50% of deaths, which is consistent with 
prior studies indicating that disease relapse continues to be the principal barrier to long-term success in haplo-
HSCT (20,21). Interestingly, the EBMT risk score was significantly associated with survival (p=0.010), emerging as 
an independent prognostic factor. This finding supports earlier reports emphasizing that pre-transplant disease 
burden and comorbidity status remain stronger survival predictors than HLA mismatch degree. 
Another notable finding of this study was the lack of association between the degree of kinship (first-, second-, or 
third-degree relatives) and post-transplant outcomes (p=0.698). This observation reinforces the growing body of 
evidence that, with adequate immunosuppression, even distantly related haploidentical donors can provide 
comparable engraftment and survival results to closer relatives. 
The high use of myeloablative conditioning (87.4%) did not significantly impact survival compared with reduced-
intensity conditioning (p=0.152). This may reflect the careful patient selection and the tolerability of myeloablative 
regimens in our cohort, likely due to relatively young median age (41 years) and good performance scores. The 
absence of significant differences related to the conditioning regimen aligns with recent data suggesting that both 
approaches can achieve comparable outcomes when PTCy is used (22). 
Another important aspect of haploidentical transplantation is the balance between graft-versus-host disease and 
graft-versus-leukemia (GVL) activity. Some studies have suggested that certain degrees of HLA disparity may 
enhance donor immune recognition of residual leukemic cells, potentially strengthening the GVL effect. However, 
in PTCy-based transplantation platforms, the selective depletion of highly alloreactive T-cell clones may balance 
this effect, resulting in comparable relapse rates across different mismatch groups. In our study, relapse remained 
the leading cause of mortality, accounting for approximately half of the deaths, consistent with previous reports 
indicating that disease relapse continues to represent the major barrier to long-term transplant success. 
Overall, the present study contributes to the growing evidence supporting the safety and efficacy of haplo-HSCT. 
Despite varying degrees of HLA disparity, our outcomes for engraftment, GVHD, relapse, and survival were 
comparable to matched unrelated donor transplants. The combination of rigorous immunologic screening, PTCy-
based GVHD prophylaxis, and careful clinical monitoring appears to neutralize the historically adverse impact of 
HLA mismatch. 
 
Limitations  
This study has several limitations. Its retrospective and single-center design limits generalizability. and the 
relatively small number of patients in the higher mismatch subgroups may reduce statistical power. Another 
limitation is the small number of patients in some HLA mismatch subgroups. particularly the 4/10 (n=1) and 8/10 
(n=5) groups. These small subgroup sizes limit the statistical power of comparisons and the results should 
therefore be interpreted cautiously. Minimal residual disease (MRD) data were not uniformly available. which 
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may affect relapse risk analysis. Additionally, CRS was not systematically assessed. Therefore. CRS outcomes 
could not be included in the statistical analyses and this represents an addictional limitation of the study. 
Nonetheless, the homogeneous patient management. consistent use of PTCy.,and long follow-up duration 
strengthen the reliability of the findings. 
 
Conclusion 
In conclusion. increasing degrees of HLA mismatch did not adversely affect engraftment. GVHD incidence, 
relapse or survival in haplo-HSCT. The EBMT risk score emerged as an independent prognostic factor, while 
donor kinship and stem cell source had limited influence. With appropriate donor selection and PTCy-based 
prophylaxis, haplo-HSCT represents a safe, effective, and widely applicable curative option for patients lacking 
fully matched donors. Future prospective multicenter studies with larger cohorts are warranted to validate these 
findings and further optimize donor selection algorithms.                                                  
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Abstract 
Background: This prospective case-control study investigated whether circulating NLRP3, asprosin, and 
meteorin-like (Metrnl) levels differ between diabetic and non-diabetic adults and evaluated their 
association with diabetes status. 
Materials and Methods: Eighty-eight adults were enrolled, including 44 patients with diabetes mellitus 
and 44 healthy controls. Plasma NLRP3, asprosin, and Metrnl levels were measured by ELISA. Group 
comparisons were performed using the Mann-Whitney U test. Correlations were examined by Spearman 
analysis. Multivariate logistic regression analysis was used to identify variables independently associated 
with diabetes status. ROC curve analysis was performed for NLRP3 to assess its discriminative 
performance. 
Results: The mean age of the diabetes group was 48.09 ± 12.65 (26-71) years and the average mean age of 
the control group was 32.15 ± 9.18 (17-58) years. All three biomarkers were significantly higher in the 
diabetes group than in controls (all p<0.001). In multivariate logistic regression analysis, age (OR 1.21, 95% 
CI 1.08-1.35, p=0.001), asprosin (OR 1.29, 95% CI 1.06-1.56, p=0.009), and NLRP3 (OR 1.06, 95% CI 1.02-1.10, 
p=0.001) were independently associated with diabetes status, whereas Metrnl was not. ROC analysis for 
NLRP3 yielded an AUC of 0.821; the optimal cut-off value was 89.5 pg/mL, with 70.5% sensitivity and 
79.5% specificity. 
Conclusions: Serum NLRP3 and asprosin were independently associated with diabetes status, while 
Metrnl was elevated in diabetic individuals but did not remain independently associated after adjustment. 
These biomarkers, particularly NLRP3, may have potential clinical value in risk stratification and 
biomarker-based assessment of diabetes-related metabolic inflammation. 
Keywords: diabetes mellitus; insulin resistance; asprosin; meteorin-like; NLRP3; biomarker 
 
Öz 
Amaç: Bu prospektif olgu-kontrol çalışmasında, diyabetli ve diyabetik olmayan erişkinlerde dolaşımdaki 
NLRP3, asprosin ve meteorin-like (Metrnl) düzeylerinin farklı olup olmadığı araştırılmış ve bu 
biyobelirteçlerin diyabet durumu ile ilişkisi değerlendirilmiştir. 
Gereç ve Yöntem: Çalışmaya 44 diyabetes mellitus hastası ve 44 sağlıklı kontrol olmak üzere toplam 88 
erişkin dahil edilmiştir. Plazma NLRP3, asprosin ve Metrnl düzeyleri ELISA yöntemi ile ölçülmüştür. 
Gruplar arası karşılaştırmalar Mann-Whitney U testi ile yapılmıştır. Korelasyon analizleri Spearman 
yöntemi ile değerlendirilmiştir. Diyabet durumu ile bağımsız ilişkili değişkenleri belirlemek amacıyla çok 
değişkenli lojistik regresyon analizi kullanılmıştır. NLRP3’ün ayırt edici performansını değerlendirmek 
için ROC eğri analizi yapılmıştır 
Bulgular: Diyabet gurubunun yaş ortalaması 48.09 ± 12.65 (26-71) yıl ve kontrol grubunun yaş ortalaması 
32.15 ± 9.18 (17-58) yıl idi. Her üç biyobelirteç düzeyi diyabet grubunda kontrol grubuna göre anlamlı 
derecede yüksek bulunmuştur (tüm p<0.001). Çok değişkenli lojistik regresyon analizinde yaş (OR: 1.21, 
%95 GA: 1.08–1.35, p=0.001), asprosin (OR: 1.29, %95 GA: 1.06–1.56, p=0.009) ve NLRP3 (OR: 1.06, %95 GA: 
1.02–1.10, p=0.001) diyabet durumu ile bağımsız olarak ilişkili bulunurken, Metrnl için anlamlı bir bağımsız 
ilişki saptanmamıştır. NLRP3 için yapılan ROC analizinde AUC değeri 0.821 olarak bulunmuş, en uygun 
kesim değeri 89.5 pg/mL olup duyarlılık %70.5 ve özgüllük %79.5 olarak hesaplanmıştır. 
Sonuç: Serum NLRP3 ve asprosin düzeyleri diyabet durumu ile bağımsız olarak ilişkili bulunurken, 
Metrnl düzeyleri diyabetik bireylerde yüksek olmasına rağmen çok değişkenli analiz sonrası bağımsız bir 
ilişki göstermemiştir. Özellikle NLRP3 başta olmak üzere bu biyobelirteçler, diyabete bağlı metabolik 
inflamasyonun değerlendirilmesi ve risk sınıflamasında klinik açıdan potansiyel değer taşıyabilir. 
Anahtar Kelimeler: Diyabetes mellitus; insülin direnci; asprosin; meteorin like; NLRP3 
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        Introduction  

Diabetes mellitus is a major global health problem associated with microvascular and macrovascular 
complications, chronic inflammation, and substantial morbidity and mortality. In recent years, adipokines and 
inflammatory mediators have attracted attention as potential biomarkers reflecting metabolic dysregulation. (1, 2) 
Asprosin is a fasting-induced glucogenic adipokine encoded by the FBN1 gene. Previous studies have shown that 
circulating asprosin levels are increased in several metabolic disorders and may contribute to insulin resistance by 
promoting hepatic glucose production. (3, 4) Meteorin-like (Metrnl) is a secreted adipokine/myokine with 
pleiotropic metabolic and immunomodulatory effects. It has been implicated in white adipose tissue browning, 
thermogenesis, exercise-related metabolic adaptation, and insulin sensitivity. (5-7) The NLRP3 inflammasome is a 
multiprotein complex that plays a central role in innate immunity and inflammation. Persistent activation of the 
NLRP3 inflammasome has been linked to beta-cell dysfunction, chronic low-grade inflammation, insulin 
resistance, and the pathogenesis of type 2 diabetes (T2DM). (8-10) 
In this study, we aimed to compare plasma NLRP3, asprosin, and Metrnl levels between diabetic patients and 
healthy controls and to determine whether these biomarkers are independently associated with diabetes status. 
 
Material and Methods 
Study Design 
This prospective case-control study included 88 adults: 44 patients with diabetes mellitus and 44 healthy non-
diabetic controls. Among the diabetic participants, 2 had type 1 diabetes (T1DM) and 42 had T2DM. Fasting plasma 
glucose under treatment was defined as ≥ 126 mg/dL (7 mmol/L) or previously diagnosed diabetes by diagnostic 
reports (11). Participants in the control group were volunteers without known systemic disease. Diabetes was 
defined according to established diagnostic criteria and/or prior documented diagnosis. 
Inclusion criteria for the diabetes group were adult age and a confirmed diagnosis of diabetes mellitus. Inclusion 
criteria for the control group were adult age and absence of known diabetes or other diagnosed systemic disease. 
Exclusion criteria included acute infection, known inflammatory disease, malignancy, pregnancy, and refusal to 
participate. Additional clinical variables such as BMI, HbA1c, duration of diabetes, renal function parameters, and 
treatment details were not available for all participants. 
 
Ethical approval  
All participants provided written informed consent. The study was approved by the ethical review board of Harran 
University (HRU 20.16.09, Date: 14.09.2020) and was conducted in accordance with the Declaration of Helsinki. The 
study was supported by the Harran University HÜBAP unit (Project No: 21012). 
 
Blood sampling and biomarker measurement 
Venous blood samples were collected into EDTA tubes after at least 8 hours of fasting. Samples were centrifuged at 
400 x g for 10 minutes at room temperature, and plasma was separated, aliquoted, and stored at - 80 ⁰C until analysis. 
Plasma concentrations of NLRP3, asprosin, and Metrnl were measured using commercial ELISA kits according to 
the manufacturers' instructions. The NLRP3 assay used the Human NLR family pyrin domain containing 3 ELISA 
kit (BT Lab, Cat. No. E38886Hu). Asprosin was measured using the Human Asprosin ELISA kit (BT Lab, Cat. No. 
E4095Hu), and Metrnl was measured using the Human Meteorin-like Protein ELISA kit (BT Lab, Cat. No. E3941Hu). 
Plasma samples were thawed on ice and centrifuged at 10,000 x g for 5 minutes at 4 ⁰C before analysis. According to 
kit documentation and laboratory procedure, intra-assay and inter-assay variation coefficients were within 
acceptable analytical ranges. 
                                             
Statistical Analysis 
Data distribution was assessed using the Kolmogorov-Smirnov test. Because several variables were not normally 
distributed, continuous variables were summarized as median (IQR) where appropriate, and non-parametric Mann-

Highlights   
• NLRP3 and asprosin levels were elevated in diabetes. 
• NLRP3 and asprosin were independently associated with diabetes. 
• NLRP3 may be a biomarker of metabolic inflammation. 
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Whitney U tests were used for group comparisons. Spearman correlation analysis was performed to examine 
relationships among study variables. To evaluate variables independently associated with diabetes status, 
multivariate logistic regression analysis was performed including age, sex, asprosin, Metrnl, and NLRP3. Odds 
ratios (ORs) with 95% confidence intervals (CIs) were calculated. ROC curve analysis was performed for NLRP3, 
and the area under the curve (AUC), sensitivity, specificity, and optimal cut-off value were determined. Statistical 
significance was set at p<0.05. Analyses were performed using SPSS Statistics 24.0 and re-checked during revision. 
 
Results 
In our study where eighty-eight patients (44 diabetic and 44 control) were examined, the mean age of the diabetes 
group was 48.09±12.65 (26-71) years and the mean age of the control group was 32.15±9.18 (17-58) years. 48 (55%) of 
all cases were female and 40 (45%) were male. Diabetic and non-diabetic based on fasting plasma blood glucose 
values presented in Table-1. In our diabetes group, only 2 cases were T1DM, while 42 cases were T2DM. Fasting 
blood sugar measured at diagnosis was 201.84 ± 90.24 m (127- 579) mg/dL in the diabetes group, while it was 92.90 
± 10.75 (76-118) mg/dL in the control group.  
 
Table- 1. Distribution of data between diabetes and control groups. 
Variable Diabetic Group (n=44) Control Group (n=44) p 
Age (years) 48.09 ± 12.65 32.15 ± 9.18  
Female, n (%) 20 (45) 28 (64)  
Male, n (%) 24 (55) 16 (36)  
FPG (mg/dL)† 201.84 ± 90.24; 165.0 (126.25) 92.90 ± 10.75; 91.0 (14.25) <0.001 
Metrnl (pg/mL)† 8.99 ± 3.86; 9.20 (5.40) 5.99 ± 2.95; 5.25 (4.10) <0.001 
Asprosin (pg/mL)† 28.63 ± 10.12; 26.65 (12.55) 21.26 ± 5.76; 21.00 (8.50) <0.001 
NLRP3 (pg/mL)† 124.40 ± 52.66; 110.0 (78.03) 75.20 ± 23.28; 72.80 (30.70) <0.001 

        Abbeviations: † mean ±SD; median (IQR) FPG Fasting plasma glucose; Metrnl: meteorin like;  

 
Metrnl plasma level was significantly higher in diabetic individuals (8.99 ± 3.86 pg/mL) compared to non-diabetic 
individuals (5.99 ± 2.95 pg/mL) p < 0.001 (Figure-1). 

 
Figure 1. Meteorin like levels in diabetes and control groups. 

 
 Considering the patients in general, plasma Metrnl level was found to be 8.18±3.18 pg/mL in men and 6.92±3.54 
pg/mL in women (p=0.085). In the diabetes group, plasma Metrnl level was found to be 9.00 ± 4.25 pg/mL in men 
and 8.97±3.43 pg/mL in women. (p=0.624) (Table 2). In the control group, the plasma Metrnl level was found to be 
5.90 ± 3.26 pg/mL in men and 6.10 ± 2.60 pg/mL in women. (p=0.295) (Table 3). 
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Table-2. Distribution of diabetes group parameters by gender 
Variable Diabetic Group (n=44) Control Group (n=44) p 
Metrnl (pg/mL)† 8.97 ± 3.43; 9.65 (6.13) 9.00 ± 4.25; 8.75 (5.05) 0.624 
Asprosin (pg/mL)† 25.56 ± 6.23; 25.15 (8.18) 31.18 ± 12.02; 29.15 (18.33) 0.006* 
NLRP3 (pg/mL)† 106.02 ± 34.76; 90.40 (66.52) 139.72 ± 60.40; 138.25 (76.00) 0.117 

      Abbeviations: † mean ±SD; median (IQR); Metrnl: meteorin like; IQR:inter quartile range; SD: Standard deviation 
 
While the asprosin plasma level was 28.63±10.12 pg/mL in the diabetes group, it was 21.26±5.76 pg/mL in the control 
group. This difference was statistically significant. (p<0.001) (Figure 2). 
 

 
Figure 2. Aspirin levels in the diabetes and control groups. 

 
The plasma Asprosin level was found to be 27.72±10.55 pg/mL in men and 22.63±6.71 pg/mL in women (p=0.014). In 
the diabetes group, plasma Asprosin level was found to be 31.18 ± 12.02 pg/mL in men and 25.56 ± 6.23 pg/mL in 
women (p=0.006) (Table-2). In the control group, plasma Asprosin level was found to be 20.72 ± 7.08 pg/mL in men 
and 21.91 ± 3.67 pg/mL in women (p=0.019) (Table-3) 
NLRP3 plasma level was measured as 75.20 ± 23.28 pg/mL in the control group and 124.40 ± 52.66 pg/mL in the 
diabetes group (p<0.001) (Figure-3). 

 
Figure 3. NLRP3 levels in diabetes and control groups. 
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Plasma NLRP3 level was 116.59±56.19 pg/mL in men and 85.81±33.26 pg/mL in women, and this difference was 
significant. (p=0.004). In diabetic men, it was 139.72 ± 60.64 and in women it was 106.02 ± 4.06 (p = 0.117) (Table-3). 
In the control group, it was 78.89±28.28 in women and 72.13±18.33 in men (p=0.322) (Table-3). 
 
Table 3. Distribution of control group parameters by gender. 

Variable Group 1 (n=?) Group 2 (n=?) p 
Metrnl (pg/mL)† 6.10 ± 2.60; 6.10 (3.93) 5.90 ± 3.26; 4.50 (4.40) 0.295 
Asprosin (pg/mL)† 21.91 ± 3.67; 21.50 (4.40) 20.72 ± 7.08; 19.85 (10.28) 0.019* 
NLRP3 (pg/mL)† 78.89 ± 28.18; 79.25 (23.13) 72.13 ± 18.33; 68.90 (30.95) 0.322 

Abbeviations: † mean ±SD; median (IQR); Metrnl: meteorin like; IQR:inter quartile range; SD: Standard deviation 
 
Correlation analysis showed positive associations among the three biomarkers and with fasting plasma glucose. Age 
was positively correlated with NLRP3 and Metrnl, whereas the correlation between age and asprosin was not 
statistically significant. Multivariate logistic regression analysis demonstrated that age (OR 1.21, 95% CI 1.08-1.35, 
p=0.001), asprosin (OR 1.29, 95% CI 1.06-1.56, p=0.009), and NLRP3 (OR 1.06, 95% CI 1.02-1.10, p=0.001) were 
independently associated with diabetes status. Sex (p=0.696) and Metrnl (p=0.833) were not independently 
associated with diabetes status after adjustment. ROC curve analysis for NLRP3 showed an AUC of 0.821, indicating 
good discriminative performance. The optimal cut-off value was 89.5 pg/mL, corresponding to 70.5% sensitivity and 
79.5% specificity for discrimination of diabetes status (Figure 4). 
 

 
Figure 4. ROC analysis for NLRP3  

 
Table 4. Spearman correlation analysis results 
Variables Age NLRP3 Aspirosin Metrnl Fpg 
Age r 1.000 0.312** 0.161 0.284** 0.558** 

p  0.003 0.135 0.007 <0.001 
Fpg r 0.558** 0.495** 0.340** 0.370** 1.000 

p <0.001 <0.001 0.001 <0.001  
NLRP3 r 0.312** 1.000 0.242* 0.349** 0.495** 

p 0.003  0.023 0.001 <0.001 
Aspirosin r 0.161 0.242* 1.000 0.320** 0.340** 

p 0.135 0.023  0.002 0.001 
Metrnl r 0.284** 0.349** 0.320** 1.000 0.370** 

p 0.007 0.001 0.002  <0.001 
Abbeviations: Fpg: Fasting plasma glucose; Metrnl: meteorin like; r: correlation coefficient 
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       Table 5. Multivariate logistic regression analysis for diabetes status. 
Variable OR 95% CI p  
Age 1.21 1.08-1.35 0.001 
Sex 0.74 0.16-3.30 0.696 
Asprosin 1.29 1.06-1.56 0.009 
Metrnl 1.03 0.77-1.38 0.833 
NLRP3 1.06 1.02-1.10 0.001 

Abbeviations: OR: odds raito; CI: confidence interval 
 
Discussion 
In the present study, we investigated circulating blood levels of Meteorin-like (Metrnl), Asprosin, and the NLRP3 
inflammasome in individuals with diabetes mellitus and compared them with healthy controls. Our findings 
demonstrated that plasma levels of all three parameters were significantly elevated in diabetic patients. However, 
after multivariable adjustment, only age, asprosin, and NLRP3 remained independently associated with diabetes 
status.  
Asprosin is a fasting-induced glucogenic adipokine that has been shown to promote hepatic glucose production and 
insulin resistance (4, 12, 13). The neutralization of asprosin improves insulin sensitivity, reduces plasma glucose and 
insulin levels, and leads to a decrease in body weight in experimental models, supporting its potential pathogenic 
role in T2DM (14, 15). Our findings are consistent with previous reports showing higher circulating asprosin levels 
in diabetes and support a possible role for asprosin in glucose dysregulation. 
Metrnl has been described as an adipokine/myokine with pleiotropic metabolic and immunomodulatory effects (16, 
17). It has been reported to enhance insulin sensitivity, promote white adipose tissue browning, and increase 
thermogenesis, particularly in response to exercise and cold exposure (7, 18-21). Although Metrnl levels were 
elevated in the diabetes group, the association did not remain significant after multivariable adjustment. This may 
indicate that Metrnl elevation reflects a compensatory response to metabolic stress rather than an independent 
relationship with diabetes. 
NLRP3 is a key mediator of inflammasome-driven inflammation and has been implicated in chronic metabolic 
inflammation, beta-cell dysfunction, and insulin resistance. (9, 22-25) In our study, NLRP3 remained independently 
associated with diabetes status, and ROC analysis showed good discriminative capacity. These findings support the 
view that increased NLRP3 may be closely linked to the inflammatory component of diabetes. Our cross-sectional 
design does not allow causal inference; therefore, it cannot be concluded whether increased NLRP3 contributes to 
the development of diabetes or whether diabetes itself leads to upregulation of NLRP3. Most likely, the relationship 
is bidirectional and mediated by chronic metabolic inflammation. 
Polymorphisms in the NLRP3 gene have been shown to influence individual susceptibility to inflammatory and 
metabolic diseases, while interactions with adipose tissue inflammation and gut microbiota may also contribute to 
insulin resistance and impaired glucose homeostasis (26, 27). These mechanisms highlight the complexity of NLRP3 
regulation in metabolic disorders. 
 
Limitations  
The present study has several limitations. The sample size was modest, the groups were not age-matched, and most 
diabetic participants had T2DM, limiting subgroup analyses. In addition, BMI, HbA1c, diabetes duration, treatment 
characteristics, renal function measures, and some other biochemical parameters were not available for all 
participants. These limitations should be considered when interpreting the results. Despite these limitations, the 
study provides a combined evaluation of three emerging biomarkers in diabetes. The independent associations 
observed for asprosin and NLRP3, together with the ROC performance of NLRP3, suggest that these markers merit 
further investigation in larger and longitudinal studies. 
 
Conclusion 
In conclusion, plasma NLRP3, asprosin, and Metrnl levels were elevated in diabetic individuals compared with 
healthy controls. After multivariable adjustment, age, asprosin, and NLRP3 remained independently associated with 
diabetes status, whereas Metrnl did not. NLRP3 showed good discriminative performance in ROC analysis, 
suggesting that it may have potential utility as a biomarker of diabetes-related metabolic inflammation. In clinical 
practice, these biomarkers may contribute to risk stratification and early identification of metabolic dysfunction, 
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although validation in larger prospective cohorts is required before routine use.                                            
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Abstract 
Background: Inappropriate use of antimicrobial drugs for the treatment of urinary tract infections can lead 
to antibiotic resistance. This study aimed to determine the distribution of UTI-causing bacteria isolated from 
urine samples sent to our laboratory and their resistance rates to various antimicrobials. 
Materials and Methods: In this retrospective study, urine culture samples from patients aged 18 years and 
older, sent to the microbiology laboratory of a tertiary education and research hospital between January 2019 
and July 2023, were examined. The distribution of pathogens detected in urine cultures, antibiotic resistance 
rates, and antibiotic resistance patterns of E. coli and Klebsiella species over the years were investigated. 
Results: A total of 2676 urine culture samples, sent to our laboratory, were included in the study. Gram-
negative pathogens were isolated in 1920 (71.7%) samples. The most frequently isolated pathogens were E. 
coli, Klebsiella spp., and Enterococcus species. Among E. coli isolates, the antibiotics with the lowest resistance 
rates were fosfomycin (4.3%), nitrofurantoin (4.8%), and amikacin (5.4%). Among Klebsiella spp. isolates, the 
lowest resistance rates were observed for imipenem (35.4%), fosfomycin (40.4%), and gentamicin (47.4%). 
From 2019 to 2023, an increasing resistance to trimethoprim/sulfamethoxazole, ertapenem, piperacillin-
tazobactam, and ciprofloxacin was observed in both E. coli and Klebsiella spp. isolates. 
Conclusions: For effective UTI treatment, accurate identification of pathogens, performing antibiotic 
susceptibility testing, and effective surveillance at both hospital and provincial levels are necessary. 
Keywords: Antimicrobial resistance, urinary tract infection, urine culture 
 
Öz 
Amaç: Üriner sistem infeksiyonlarının tedavisinde uygunsuz antimikrobiyal ilaç kullanımı antibiyotik 
direncine neden olabilmektedir. Bu çalışmada, laboratuvarımıza gönderilen idrar örneklerinden izole 
edilen ÜSİ etkeni bakterilerin dağılımı ve çeşitli antimikrobiyallere karşı direnç oranlarının tespit edilmesi 
amaçlandı. 
Gereç ve Yöntem: Bu retrospektif çalışmada, Ocak 2019-Temmuz 2023 yılları arasında üçüncü basamak bir 
eğitim ve araştırma hastanesi mikrobiyoloji laboratuarına gönderilen 18 yaş ve üzeri hastaların idrar kültür 
örnekleri incelendi. İdrar kültüründe saptanan patojenlerin dağılımı, antibiyotik direnç oranları ve yıllara 
göre E. coli ve Klebsiella türleri için antibiyotik direnç durumları incelendi. 
Bulgular: Laboratuvarımıza gönderilen idrar kültürü numunelerinden 2676’sı çalışmaya dahil edildi. 1920 
(%71.7) numunede Gram negatif patojen üredi. Sırasıyla en sık E. coli, Klebsiella spp. ve enterokok türleri 
saptandı. E. coli izolatlarında direnç oranı en düşük antibiyotikler sırasıyla fosfomisin (%4.3), nitrofurantoin 
(%4.8) ve amikasin (%5.4) olarak tespit edildi. Klebsiella spp. izolatlarında ise en düşük direnç oranı sırasıyla 
imipenem (%35.4), fosfomisin (%40.4) ve gentamisin (%47.4) olarak bulundu. 2019'dan 2023'e kadar, E. coli ve 
Klebsiella spp. izolatlarında trimetoprim/sülfametoksazol, ertapenem, piperasilin-tazobaktam ve 
siprofloksasine karşı artan bir direnç gözlemlenmiştir. 
Sonuç: Etkili bir ÜSİ tedavisi için etkenlerinin doğru tanımlanması, antibiyotik duyarlılık testlerinin 
yapılması, hastane ve iller düzeyinde efektif surveyansların yapılması gerekmektedir.  
Anahtar Kelimeler: Antimikrobiyal direnç, üriner sistem infeksiyonu, idrar kültürü 
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         Introduction  

Urinary tract infection (UTI) is one of the most common infections worldwide, caused by Gram-positive and Gram-
negative bacteria and occasionally some fungi (1). Although UTIs can occur in men and women of all ages, they are 
more common in women (2).  Although the exact number is unknown, current data suggest that over 150 million 
people experience UTIs each year (3). Risk factors for UTIs include diabetes, obesity, urinary catheterization, poor 
personal hygiene, sexual activity, vaginal infections, and genetic predisposition (4, 5). The uropathogens responsible 
for UTIs include Escherichia coli, Klebsiella pneumoniae, Enterococcus species (spp.), Streptococcus agalactiae, Proteus 
mirabilis, Pseudomonas aeruginosa, Acinetobacter baumannii, Staphylococcus spp., and Candida spp. Gram-negative 
bacteria, in particular, are the most frequently identified causative agents of UTIs, which can lead to sepsis, 
morbidity, and mortality in intensive care units (6). 
Antimicrobial resistance is a growing global health problem and, as with all infections, poses challenges in UTI 
treatment due to resistance to commonly used antibiotics. The development of antibiotic resistance among common 
pathogens is associated with worldwide overuse of antibiotics, contributing to increasing difficulties in the empirical 
treatment of UTIs. The American Society of Infectious Diseases (IDSA) recommends that physicians obtain local data 
on antibiotic resistance rates of infectious agents in their hospitals and adapt empirical treatment of UTI pathogens 
based on clinical, hospital, local, regional, and national surveillance data. Studies describing the distribution and 
resistance of pathogenic bacteria causing UTIs are available in the literature (7-9). As in the rest of the world, the 
emergence of antibiotic resistance among microorganisms is becoming increasingly significant in our country. 
However, regional variations in the distribution and resistance profiles of microorganisms may occur. Therefore, 
determining regional antibiotic resistance profiles and conducting regular surveillance is crucial for selecting 
appropriate antibiotics for the effective treatment of UTIs (10). The aim of this study is to investigate the distribution 
and antibiotic resistance patterns of pathogenic bacteria isolated from urine cultures at our hospital between 2019 
and 2023, providing a reference for the rational use of antibiotics and guiding empirical antibiotic treatment based 
on these data.  
 
Material and Methods 
The study included urine culture samples showing pathogenic bacterial growth, sent to the microbiology of our 
hospital from various inpatient departments and intensive care units between January 2019 and July 2023. Data from 
this study, conducted at a tertiary-level education and research hospital, were analyzed using the laboratory 
information system. Patients aged 18 years and older with pathogenic growth in urine cultures were included. 
Urogenital skin flora elements were considered contaminant. Data from patients under 18 years of age, cases with 
polymicrobial growth, and contaminants were excluded. No distinction was made between community-acquired or 
hospital-acquired etiologies of the pathogenic organisms. The microorganisms isolated from urine cultures and their 
antimicrobial resistance profiles were retrospectively evaluated based on the collected data. 
Quantitative analysis of urine samples was performed using a sterile inoculation loop on both blood agar and eosin 
methylene blue (EMB) agar plates. The plates were then incubated in an aerobic environment at 37°C for 24 hours. 
In samples with bacterial growth ≥104 CFU/ml, the number of colonies, the number of species, the presence of 
leukocytes in the urine sample, and the patient's clinical condition were considered, and identification and antibiotic 
susceptibility testing were also performed for lower-count microorganisms suspected to be causative agents. 
Bacterial identification and susceptibility testing were conducted using traditional disk diffusion methods and the 
automated VITEK 2 Compact system (bioMerieux, France). Antibiotic susceptibility results were interpreted 
according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines (11).  
 
Ethical approval  
This study was conducted in accordance with the Declaration of Helsinki and institutional ethical guidelines. This 
study was approved by the Non-Interventional Clinical Research Ethics Committee of Gaziantep Islam Science and 

Highlights   

• This study demonstrated that microbial resistance to certain antibiotics has increased over the years. 
• Empirical antimicrobial stewardship in urinary tract infections warrants precise selection 

predicated upon institution-specific epidemiological and susceptibility data. 
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Technology University (Date: February 26, 2024, Decision No: 374.35.06). Since this study was retrospective, 
informed patient consent statement was not obtained. 
 
Statistical Analysis 
Descriptive statistics included mean (µ) and standard deviation (sd) values for continuous variables; and number 
(n) and percentage (%) values for categorical variables. For intergroup comparisons of categorical variables, the chi-
square test was used. Post-hoc chi-square analysis with Bonferroni correction was performed for multiple tables. 
SPSS 26 (IBM SPSS Statistics for Windows, Ver 26.0. Armonk, NY: IBM Corp, USA) was used for the analyses. Results 
were considered statistically significant at p<0.05. 
 
Results 
A total of 331 out of 3,007 urine culture samples were excluded because they did not meet the study criteria 
(contamination or polymicrobial growth), and the remaining 2,676 urine culture samples that met the criteria were 
included in the study. Of the samples, 1,279 (47.8%) were from male patients and 1,397 (52.2%) from female patients. 
The mean age of the patients was 63.93 (±19.93) years. Among them, 1,551 (58%) patients were aged 65 and above, 
and 1,125 (42%) were under 65 years. Of the samples, 1,670 (62.4%) were from intensive care unit patients, while 
1,006 (37.6%) were from ward inpatients. 1,920 (71.7%) samples were identified as Gram-negative, 559 (20.9%) as 
Gram-positive, and 197 (7.4%) as yeast. The species-level distribution of organisms identified in the urine cultures is 
shown in Figure 1. 

 

 
Figure 1. Frequency distribution of organisms identified in urine cultures at the species level 

The pathogens isolated in culture differed according to gender, age group, and the unit from which the sample was 
obtained (p=0.000, p=0.000, p=0.000). Post hoc Chi-square analysis with Bonferroni correction (p<0.002) was 
performed to identify the pathogens for these differences. E. coli was detected more frequently in females, whereas 
P. aeruginosa, A. baumannii, Providencia spp., and coagulase-negative staphylococci were more frequently detected in 
males. Among patients under 65 years of age, P. aeruginosa and A. baumannii were more commonly detected. While 
E. coli growth was more prominent in ward patients, A. baumannii, Proteus spp., Providencia spp., and yeast were 
significantly more frequent in intensive care unit (ICU) patients (Table 1). 

 
Table 1. Frequency of pathogens isolated from urine cultures according to gender, age group and unit where the 

sample was taken 
Frequency (n, %) Gender Age groups Unit sampled  

Female Male p 0-64 years 65 and over p ICU Ward 
inpatient 

p Total 

Klebsiella spp. 279 (52.9) 248 (47.1) 0.764 218 (41.4) 309 (58.6) 0.764 339 (64.3) 188 (35.7) 0.317 527 
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E.coli 512 (66.8) 255 (33.2) 0.000 302 (39.4) 465 (60.6) 0.071 366 (47.7) 401 (52.3) 0.000 767 
Proteus spp. 81 (52.6) 73 (47.4) 0.920 59 (38.3) 95 (61.7) 0.317 114 (74) 40 (26) 0.001 154 
P. aeruginosa 48 (35.3) 88 (64.7) 0.000 78 (57.4) 58 (42.6) 0.000 69 (50.7) 67 (49.3) 0.003 136 
A. baumannii 39 (25) 117 (75) 0.000 85 (54.5) 71 (45.5) 0.001 127 (81.4) 29 (18.6) 0.000 156 
Enterobacter spp. 23 (45.1) 28 (54.9) 0.317 25 (49) 26 (51) 0.317 25 (49) 26 (51) 0.045 51 
Enterococcusspp. 224 (53.8) 192 (46.2) 0.483 150 (36.1) 266 (63.9) 0.006 283 (68) 133 (32) 0.009 416 
Serratia marcescens 6 (37.5) 10 (62.5) 0.230 7 (43.8) 9 (56.3) 0.920 12 (75) 4 (25) 0.317 16 
Providencia spp 14 (24.6) 43 (75.4) 0.000 34 (59.6) 23 (40.4) 0.006 53 (93) 4 (7) 0.000 57 
Citrobacter spp. 5 (55.6) 4 (44.4) 0.841 4 (44.4) 5 (55.6) 0.920 2 (22.2) 7 (77.8) 0.012 9 
Burkholderia spp.    1 (50) 1 (50) 0.841 0 (0) 2 (100) 0.071 2 
Myroides spp. 11 (40.7) 16 (59.3) 0.230 12 (44.4) 15 (55.6) 0.764 26 (96.3) 1 (3.7) 0.000 27 
Morganella morganii 7 (43.8) 9 (56.3) 0.483 8 (50) 8 (50) 0.548 10 (62.5) 6 (37.5) 1 16 
CNS 39 (37.1) 66 (62.9) 0.001 49 (46.7) 56 (53.3) 0.317 63 (60) 42 (40) 0.617 105 
S.aureus 9 (29) 22 (71) 0.009 16 (51.6) 15 (48.4) 0.271 20 (64.5) 11 (35.5) 0.841 31 
Streptococcus spp. 7 (100) 0 (0) 0.012 5 (71.4) 2 (28.6) 0.109 1 (14.3) 6 (85.7) 0.009 7 
C.albicans 35 (51.5) 33 (48.5) 0.920 24 (35.3) 44 (64.7) 0.271 61 (89.7) 7 (10.3) 0.000 68 
Non-albicans Candida 
spp. 

58 (45) 71 (55) 0.089 48 (37.2) 81 (62.8) 0.271 97 (75.2) 32 (24.8) 0.001 129 

Stenotrophomonas 
maltophilia 

   0 (0) 2 (100) 0.230 2 (100) 0 (0) 0.271 2 

          Abbreviations:CNS: coagulase-negative staphylococcus, n: number, ICU: intensive care unit 

 
Significant differences were detected among the isolates over the past five years (p=0.000). Post hoc Chi-square 
analysis with Bonferroni correction (p<0.0007) was performed to identify the pathogens responsible for these 
differences. In 2019, E. coli and P. aeruginosa (p=0.000, p=0.000) were detected more frequently; in 2020, yeasts 
(p=0.000, p=0.000); in 2021, A. baumannii (p=0.000); and in 2022, Enterococcus spp. (p=0.000) were more frequently 
observed compared to other years. Additionally, Klebsiella spp. in 2021 (p=0.000), and P. aeruginosa and A. baumannii 
in 2022 (p=0.000, p=0.000) were detected less frequently compared to other years (Table 2). 
 
Table 2. Distribution of microorganisms isolated from urine cultures by year 

Frequency (n, %) 2019 2020 2021 2022 2023 
Klebsiella spp. 31 (14.2) 58 (18.3) 60 (13.8) 228 (21.2) 150 (23.8) 
E.coli 87 (39.7) 90 (28.4) 142 (32.6) 284 (26.5) 164 (26) 
Proteus spp. 9 (4.1) 11 (3.5) 23 (5.3) 58 (5.4) 53 (8.4) 
P. aeruginosa 25 (11.4) 22 (6.9) 16 (3.7) 35 (3.3) 38 (6) 
A. baumannii 11 (5) 31 (9.8) 42 (9.6) 41 (3.8) 31 (4.9) 
Enterobacter spp. 4 (1.8) 5 (1.6) 6 (1.4) 23 (2.1) 13 (2.1) 
Enterococcusspp. 20 (9.1) 38 (12) 54 (12.4) 205 (19.1) 99 (15.7) 
Serratia marcescens 5 (2.3) 2 (0.6) 1 (0.2) 6 (0.6) 2 (0.3) 
Providencia spp 1 (0.5) 2 (0.6) 15 (3.4) 28 (2.6) 11 (1.7) 
Citrobacter spp. 1 (0.5) 0 (0) 3 (0.7) 3 (0.3) 2 (0.3) 
Burkholderia spp. 1 (0.5) 1 (0.3) 0 (0) 0 (0) 0 (0) 
Myroides spp. 0 (0) 0 (0) 3 (0.7) 19 (1.8) 5 (0.8) 
Morganella morganii 0 (0) 1 (0.3) 1 (0.2) 13 (1.2) 1 (0.2) 
CNS 6 (2.7) 6 (1.9) 28 (6.4) 46 (4.3) 19 (3) 
S.aureus 3 (1.4) 4 (1.3) 7 (1.6) 10 (0.9) 7 (1.1) 
Streptococcus spp. 1 (0.5) 1 (0.3) 0 (0) 3 (0.3) 2 (0.3) 
C.albicans 2 (0.9) 17 (5.4) 14 (3.2) 30 (2.8) 5 (0.8) 
Non-albicans Candida spp. 12 (5.5) 28 (8.8) 21 (4.8) 41 (3.8) 27 (4.3) 
Stenotrophomonas maltophilia 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.3) 
Total 219 (100) 317 (100) 436 (100) 1073 (100) 631 (100) 

Abbreviations: CNS: coagulase-negative staphylococcus, n: number 
 
Antibiotic Resistance Profiles 
The resistance profiles of major Gram-negative, Gram-positive, and yeast isolates are shown in Tables 3, 4, and 5.  
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Table 3. Antibiotic resistance rates of Gram-negative pathogens 
Resistance (n/n, %) E.coli Klebsiella spp. Proteus spp. P. aeruginosa A. baumannii Enterobacter spp. 

Ampicillin 666/742 (89.8) 493/493 (100) 127/150 (84.7)   5/5 (100) 

TMP-SXT 404/763 (52.9) 357/524 (68.1) 128/154 (83.1)  106/156 (67.9) 24/51 (47.1) 

TZP 351/760 (46.2) 417/525 (79.4) 82/154 (53.2) 70/131 (53.4) 144/148 (97.3) 29/50 (58) 

Cefuroxime 598/738 (81) 438/493 (88.8) 105/149 (70.5)   16/20 (80) 

Cefotaxime 203/601 (33.8) 338/439 (77) 75/127 (59.1)   43/43 (100) 

Ceftazidime 558/763 (73.1) 456/525 (86.9) 100/154 (64.9) 62/135 (45.9) 98/102 (96.1) 34/51 (66.7) 

Ceftriaxone 491/639 (76.8) 364/417 (87.3) 87/121 (71.9)   29/39 (74.4) 

Cefepime 237/348 (68.1) 275/313 (87.9) 57/82 (69.5) 56/112 (50)  21/28 (75) 

Cefixime 538/687 (78.3) 377/434 (86.9) 97/142 (68.3)   39/42 (92.9) 

Aztreonam 31/44 (70.5) 55/66 (83.3) 3/9 (33.3) 33/72 (45.8)  5/7 (71.4) 

Ertapenem 130/740 (17.6) 347/492 (70.5) 73/150 (48.7)   21/47 (44.7) 

Imipenem 40/459 (8.7) 98/277 (35.4) 44/78 (56.4) 43/93 (46.2) 113/117 (96.6) 9/29 (31) 

Meropenem 34/426 (8) 104/231 (45) 20/73 (27.4) 32/74 (43.2) 92/97 (94.8) 5/24 (20.8) 

Amikacin 41/765 (5.4) 265/526 (50.4) 21/154 (13.6) 51/135 (37.8) 132/156 (84.6) 13/51 (25.5) 

Gentamicin 178/745 (23.9) 234/494 (47.4) 93/149 (62.4) 36/74 (48.6) 127/141 (90.1) 12/48 (25) 

Ciprofloxacin 527/764 (69) 428/526 (81.4) 112/154 (72.7) 78/135 (57.8) 151/153 (98.7) 31/51 (60.8) 

Tigecycline 8/79 (10.1) 14/33 (42.4) 4/4 (100)  12/95 (12.6) 2/4 (50) 

Levofloxacin 16/25 (64) 25/36 (69.4) 4/4 (100) 35/56 (62.5) 72/74 (97.3) 4/4 (100) 

Nitrofurantoin 33/686 (4.8) 309/434 (71.2) 141/142 (99.3)   11/42 (26.2) 

Fosfomycin 18/415 (4.3) 86/213 (40.4) 9/72 (12.5)   8/22 (36.4) 

Colistin 1/60 (1.7) 12/62 (19.4) 7/7 (100) 14/63 (22.2) 9/79 (11.4) 1/5 (20) 

Abbreviations: n: number of resistant microorganisms, N: total number of microorganisms, TMP-SXT: trimethoprim-sulfamethoxazole, TZP: 
piperacillin-tazobactam 
 
Table 4. Antibiotic resistance rates of Gram-positive pathogens 

Resistance (n/N, %) Enterococcus spp. S.aureus CNS 
Ampicillin 237/339 (69.9)   
Oxacillin  13/21 (61.9) 67/74 (90.5) 
Clindamycin  11/31 (35.5) 52/100 (52) 
TMP-SXT 144/413 (34.9) 2/31 (6.5) 19/100 (19) 
Gentamicin  1/14 (7.1) 14/40 (35) 
Ciprofloxacin 85/115 (73.9) 2/14 (14.3) 24/40 (60) 
Tigecycline 31/415 (7.5) 1/30 (3.3) 6/101 (5.9) 
Levofloxacin 301/372 (80.9) 5/27 (18.5) 55/86 (64) 
Nitrofurantoin 3/113 (2.7) 0/27 (0) 2/86 (2.3) 
Fosfomycin  0/14 (0) 23/40 (57.5) 
Linezolid 21/415 (5.1) 0/31 (0) 7/100 (7) 
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Vancomycin 136/407 (33.4) 0/31 (0) 1/99 (1) 
Teicoplanin 137/405 (33.8) 5/29 (17.2) 11/42 (26.2) 
Daptomycin  2/30 (6.7) 5/101 (5) 
Tetracycline  9/31 (29) 66/100 (66) 

Abbreviations: CNS: coagulase-negative staphylococcus, n: number of resistant microorganisms, N: total number of microorganisms, TMP-
SXT: Trimethoprim-sulfamethoxazole 
 
Table 5. Antifungal resistance rates of yeasts 

Resistance (n/N, %) C.albicans Non-albicans Candida spp. 
Fluconazole 2/33 (6.1) 1/26 (3.8) 
Voriconazole 2/33 (6.1) 0/21 (0) 
Caspofungin 0/34 (0) 1/30 (3.3) 
Flucytosine 1/28 (3.6) 2/28 (7.1) 
Amphotericin B 2/28 (7.1) 0/22 (0) 

 Abbreviations: n: number of resistant microorganisms, N: total number of microorganisms 
 
For the two most frequently detected pathogens (E. coli and Klebsiella spp.), resistance rates over the past five years 
are presented in Figures 2 and 3. A general increase in resistance to selected antibiotics was observed in E. coli and 
Klebsiella spp. from 2019 to 2023. 

 
Figure 2. Resistance profile of Escherichia coli isolates to various antibiotics over the years 
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Figure 3. Resistance profile of Klebsiella spp. isolates to various antibiotics over the years 

 
Discussion 
Urinary tract infections are among the most common bacterial infections in humans. These infections, ranging from 
asymptomatic bacteriuria and cystitis to pyelonephritis and urosepsis, are major causes of morbidity and mortality, 
particularly among hospitalized patients (12). In recent years, UTI-associated pathogens and their antimicrobial 
resistance patterns have changed significantly worldwide. Pathogens causing UTIs and their antimicrobial resistance 
profiles may vary by geographical region (4, 8). Literature review indicates that E. coli is the most frequently 
identified pathogen causing UTIs, followed by Klebsiella and Enterococcus spp. (7, 10, 13).  In our study, consistent 
with the literature, the most frequently isolated pathogen was E. coli (28.66%), followed by Klebsiella spp. (19.69%) 
and Enterococcus spp. (15.55%). The majority of our isolates were Gram-negative (71.7%).  
Although UTIs are more common in women, the incidence increases with age in both genders. In women, 
postmenopausal vaginal prolapse and genitourinary atrophy increase vaginal pH, reducing the number of 
Lactobacillus spp. in the normal flora and creating a favorable environment for the growth of Gram-negative bacteria 
that cause UTIs (14, 15). In our study, 58% of isolates were from patients aged 65 years and older. UTI is the second 
most common healthcare-associated infection in patients aged ≥65 years, following pneumonia, and is among the 
leading causes of mortality. In a study by Shen et al., Gram-negative bacteria were the most frequently identified 
pathogens among 7,295 geriatric patients. Patients with UTIs had longer hospital stays and higher healthcare costs 
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(16). Another study from Spain demonstrated that hospital admissions due to infections increased with age (17). 
Culture is the gold standard for the diagnosis of urinary tract infections. However, because culture and antibiogram 
procedures are time-consuming, clinicians are advised to initiate empirical antibiotic treatment (9). Many studies 
have evaluated the antibiotic resistance profiles of E. coli strains, which are the most frequently identified UTI 
pathogens. In a national study including 5,547 isolates, resistance rates were reported as 42.9% for ciprofloxacin, 
42.6% for trimethoprim/sulfamethoxazole (TMP-SXT), 24.7% for gentamicin, 16.2% for piperacillin-tazobactam 
(TZP), and 2.5% for imipenem/meropenem (18). In another study conducted in our country, resistance rates were 
reported as 0.6% for amikacin, 1.6% for imipenem, 2.4% for meropenem, 75.8% for ampicillin, 49.2% for ceftriaxone, 
and 49% for TMP-SXT (19). In a study by Şamlıoğlu et al. that evaluated 10 years of patient data, ciprofloxacin 
resistance rates in E. coli were reported to range between 25-40%, and TMP-SXT resistance rates between 35-51% 
(10). In a study from China analyzing 2,110 E. coli isolates, resistance rates were 76.2% for ampicillin, 58.9% for 
ciprofloxacin, 51.4% for levofloxacin, 44.3% for TMP-SXT, 0.8% for imipenem, and 0.7% for meropenem (7). In a 
study conducted in Shanghai from 2018 to 2020 analyzing 1,786 isolates, resistance rates for E. coli were reported as 
3.4-10% for TZP, 58-72.9% for ciprofloxacin, 53.1-60.5% for ceftriaxone, 35.1-36.7% for gentamicin, 4.8-9.1% for 
ertapenem, and 1.8-5.1% for imipenem on a yearly basis. Furthermore, yearly resistance to TZP and ciprofloxacin 
increased significantly over the study period (p<0.05) (20). In the study by Avcıküçük et al., the highest resistance 
rates were observed for ampicillin (54.8%) and TMP-SXT (28.9% and 27.9%), whereas the most susceptible antibiotics 
were imipenem and meropenem (13). According to data from the Central Asia and Eastern European Surveillance 
of Antimicrobial Resistance (CAESAR) Network and the European Antimicrobial Resistance Surveillance Network 
(EARS-Net), fluoroquinolone resistance in E. coli strains in our country exceed 50%, resistance to third-generation 
cephalosporins (cefotaxime, ceftriaxone, ceftazidime) was 50.2%, and carbapenem (imipenem, meropenem) 
resistance was 4.7% (21). Although the antimicrobial resistance rates of E. coli in our study were consistent with the 
literature for some antibiotics, they were generally higher than previously reported. Specifially, resistance to TMP-
SXT, TZP, ertapenem, gentamicin, ceftriaxone, and ciprofloxacin increased in 2023 compared to 2019. 
Klebsiella spp. are the second most frequently detected causative agents of UTIs, after E. coli. Studies have reported 
higher antimicrobial resistance rates in Klebsiella spp. compared to E. Coli (7, 22, 23). In a study by Şamlıoğlu et al., 
ciprofloxacin resistance in Klebsiella spp. ranged between 17–43%, and TMP-SXT resistence rates between 31–43% 
(10). Previous studies have reported lower resistance rates to quinolones, TMP-SXT, and carbapenems in Klebsiella 
spp. (24). However, recent studies have reported increasing carbapenem resistance rates. In a study from China 
analyzing 408 Klebsiella pneumoniae isolates, resistance rates to imipenem and meropenem were 7.1% and 7.4%, 
respectively (7). In a study conducted in our country evaluating 427 Klebsiella spp. isolates, the lowest resistance 
was detected against imipenem (9%), amikacin (10.2%), meropenem (12.4%), and fosfomycin (23.8%), while the 
highest resistance was found against ampicillin (100%), ceftriaxone (61.2%), and cefepime (57.8%). In another study, 
the lowest resistance rates were observed colistin (29.6%) and amikacin (30.2%), whereas the highest was for 
ampicillin (94.9%) (25). In a study by Doğanay et al., 423 Klebsiella pneumoniae isolates were analyzed, and resistance 
rates to ampicillin, ceftriaxone, amikacin, ciprofloxacin, ertapenem, imipenem, and meropenem were reported as 
100%, 83%, 79%, 73%, 25%, and 70%, respectively (26). The literatüre includes studies reporting both higher and 
lower carbapenem resistance rates compared to our study (27, 28). According to the 2023 reports from CAESAR and 
EARS-Net, resistance in Klebsiella spp. from invasive isolates was reported as 75.4% for third-generation 
cephalosporins (cefotaxime, ceftriaxone, ceftazidime) and 49.1% for carbapenems (imipenem, meropenem) (21). In 
our study, it was observed that there was an increase in resistance over the years to TMP-SXT, ciprofloxacin, 
ceftriaxone, gentamicin, TZP, and carbapenems.  
 
Study limitations 
There were some limitations in our study. First, infections were not classified as community-acquired or hospital-
acquired; second, data on patients’ comorbidities, surgical history, catheter status, and length of hospital stay were 
not specified; third, the study was conducted at a single-center.  
 
Conclusion 
In conclusion, consistent with previous studies, our study found that the most commonly isolated bacteria in UTIs 
were E. coli and Klebsiella spp. We observed a proportional increase in resistance rates for E. coli and Klebsiella spp., 
the two most frequently detected microorganisms over the years. It is well recognized that UTI pathogens and 
antibiotic resistance rates vary according to centers. We hope that by determining their own data, each center will 
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contribute to surveillance studies at the hospital, provincial, national, and global levels. 
 

Acknowledgements: None. 
Ethical Approval: The study was approved by the Gaziantep Islam Science and Technology University, Clinical Research Ethics Committee (Number: 
374.35.06), Date: 26.02.2024). Since this study was retrospective, informed patient consent statement was not obtained. 
Ethical  Statement: It  is  hereby  declared  that  all  scientific  and  ethical  principles  were  observed  during  the preparation of this study, and that all 
sources consulted have been properly cited in the reference list. 
Author Contributions: Concept: AŞ, EE. Literature Review: AŞ, BD, SA. Design: AŞ, EE, SA. Data acquisition: BD, SA. Analysis and interpretation: 
AŞ, BD.  Writing manuscript: AŞ, EE, BD. Critical revision of manuscript: AŞ, EE, SA. 
Statement on the Use of Artificial Intelligence: No artificial intelligence–based tools or applications were used in the preparation of this study. All 
content was produced by the author(s) in accordance with scientific research methods and academic ethical principles. 
Conflict of Interest: The author(s) do not have any potential conflict of interest regarding the research. authorship and/or publication of this article. 
Data Availability: The data used to support the findings of this study are available from the corresponding author upon request 
Financial Disclosure: None 

References  
1. Mengistu DA, Alemu A, Abdukadir AA, et al. Incidence of Urinary Tract Infection Among Patients: Systematic Review and 

Meta-Analysis. Inquiry. 2023; 60:469580231168746. 
2. Ganesh R, Shrestha D, Bhattachan B, et al. Epidemiology of urinary tract infection and antimicrobial resistance in a pediatric 

hospital in Nepal. BMC Infect Dis. 2019;19(1):420.   
3. Öztürk R, Murt A. Epidemiology of urological infections: a global burden. World journal of urology. 2020; 38:2669-79.  
4. Islam MA, Islam MR, Khan R, et al. Prevalence, etiology and antibiotic resistance patterns of community-acquired urinary 

tract infections in Dhaka, Bangladesh. PLoS One. 2022;17(9):e0274423.  
5. Choi HJ, Jeong SH, Shin KS, et al. Characteristics of Escherichia coli Urine Isolates and Risk Factors for Secondary 

Bloodstream Infections in Patients with Urinary Tract Infections. Microbiol Spectr. 2022;10(4): e0166022.   
6. Salem Sokhn E, Salami A, El Roz A, et al. Antimicrobial Susceptibilities and Laboratory Profiles of Escherichia coli, Klebsiella 

pneumoniae, and Proteus mirabilis Isolates as Agents of Urinary Tract Infection in Lebanon: Paving the Way for Better 
Diagnostics. Medical Sciences. 2020;8.  

7. Niu X, Hou B, Yang L, et al. Patterns of Drug Resistance and Bacterial Pathogen Distribution in Patients with Urinary Tract 
Infections in the Jiaxing Region from 2020 to 2022. Infect Drug Resist. 2023; 16:5911-21.  

8. Carlotta N, Nitin M, Dave B, et al. Gram negative bacteria related urinary tract infections: spectrum of antimicrobial 
resistance over 9 years in a University tertiary referral Hospital. Ther Adv Infect Dis. 2024; 11:20499361241228342.  

9. Tamma PD, Heil EL, Justo JA, et al. Infectious Diseases Society of America 2024 Guidance on the Treatment of Antimicrobial-
Resistant Gram-Negative Infections. Clin Infect Dis. 2024. 

10. Şamlıoğlu P, Kılıç İ. İdrar Yolu İnfeksiyonlarında Escherichia coli ve Klebsiella spp.’de Trimetoprim-Sülfametaksazol ve 
Siprofloksasin Direnç Oranları: 10 Yıllık Değerlendirme. Klimik Dergisi. 2023;36(3):196-201. 

11. EUCAST. Breakpoint tables for interpretation of MICs and zone diameters European Committee on Antimicrobial 
Susceptibility Testing updated 5 Nisan 2025. Available from: 
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_15.0_Breakpoint_Tables.pdf. 

12. Tekin A, Deveci Ö, Dal T, et al. Üropatojen escherichia coli izolatlarina fosfomisin ve bazi antibiyotiklerin in vitro 
etkinliği. Ankem Derg. 2012;26(2):61-8. 

13. Avcıküçük H, Altın N. İdrar Kültürlerinden İzole Edilen Bakteriler ve Çeşitli Antibiyotiklere Karşı Direnç Durumları. 
Klimik Journal/Klimik Dergisi. 2022;35(2). 

14. Demiray EKD, Alkan S, Önder T, et al. Yaşlılıkta Kırılganlık ve Üriner Sistem Enfeksiyonları. Black Sea Journal of Health 
Science. 2022;5(1):143-9. 

15. Seifu WD, Gebissa AD. Prevalence and antibiotic susceptibility of Uropathogens from cases of urinary tract infections 
(UTI) in Shashemene referral hospital, Ethiopia. BMC Infect Dis. 2018;18(1):30. 

16. Shen L, Fu T, Huang L, et al. 7295 elderly hospitalized patients with catheter-associated urinary tract infection: a case-
control study. BMC Infect Dis. 2023;23(1):825. 

17. Redondo-Sánchez J, Del Cura-González I, Díez-Izquierdo L, et al. Trends in urinary tract infection hospitalization in older 
adults in Spain from 2000-2015. PLoS One. 2021;16(9):e0257546. 

18. Duran H, Çeken N, Atik TK. İdrar kültüründen izole edilen Escherichia coli ve Klebsiella pneumoniae suşlarının 
antibiyotik direnç oranları: Dört yıllık analiz. ANKEM Dergisi. 2020;34(2):41-7. 

19. Çilburunoğlu M, Kirişci Ö, Yerlikaya H, et al. Bir üniversite hastanesine gönderilen idrar kültürlerinde üreyen izolatların 
dağılımı ve antimikrobiyal duyarlılık profilinin incelenmesi. Sakarya Tıp Dergisi. 2020;10(4):677-83. 

20. Li J, Jiang F, Xie A, et al. Analysis of the Distribution and Drug Resistance of Pathogens in Patients with Urinary Tract 
Infection in the Eastern Chongming Area of Shanghai from 2018 to 2020. Infect Drug Resist. 2022; 15:6413-22. 

21. WHO. Antimicrobial resistance surveillance in Europe 2023.  [updated 6 Nisan 2025. Available from: 
https://www.who.int/europe/publications/i/item/9789289058537. 

22. Temiz H, Özbek E, Gür Vural D, et al. Evaluation of antimicrobial resistance rates of Klebsiella isolates. 2015. 



Distribution of Antibiotic Resistance by Year Sahın. A et al. 
 

 

75  
 

23. Karamanlıoğlu D, Aysert-Yıldız P, Kaya M, et al. İdrar kültürlerinden izole edilen enterik bakterilerde genişlemiş 
spektrumlu β-laktamaz oluşturma sıklığı ve antibiyotik duyarlılıkları. Klimik Derg. 2019;32(3):233-9. 

24. Terek E. Bir üniversite hastanesine gönderilen idrar kültürlerinde üreyen izolatların dağılımı ve antimikrobiyal duyarlılık 
profilinin incelenmesi. Ege Tıp Dergisi. 2013;52(3):136-40. 

25. Değirmenci H, Vural S, Yalçın S. İstanbul’da Bir Özel Hastanede İdrar Yolu Enfeksiyonu Bulunan Hastalardan İzole 
Edilen Bakteriler ve Antibiyotik Duyarlılık Profillerinin Belirlenmesi. Istanbul Gelisim University Journal of Health 
Sciences. 2022(17):426-39. 

26. Doğanay D, Aydin M, Avşar İ. Investigation of the Antibiotic Resistance Profile of Klebsiella pneumoniae Isolates Isolated 
From Different Clinical Specimens: One-Year Data During The Covid-19 Pandemic Process. Ankara Universitesi Eczacilik 
Fakultesi Dergisi. 2023;47(1). 

27. Kalyoncu BN, Koçoğlu E, Özekinci T, et al. İstanbul’da bir şehir hastanesinde izole edilen üriner sistem patojenleri ve 
antibiyotik direnç profillerinin değerlendirilmesi. ANKEM Dergisi. 2023;37(1):18-27. 

28. Mermutluoğlu Ç, Çiftçi EZ, Özcan N, et al. Klinik Örneklerden İzole Edilen Karbapenem Dirençli Klebsiella pneumoniae 
ve Escherichia coli Suşlarında Antibiyotik Duyarlılıklarının Araştırılması: Kapsamlı Bir Sağlık Kuruluşunda Dört Yıllık 
Analiz. Van Tıp Dergisi. 2023;30(4). 
 



 

 
 

Original Article 

 

*Corresponding author:  Bahar ERBAŞ  Demiroglu Bilim University Faculty of Medicine, Department of Pharmacology Esentepe, Büyükdere Cd. No:120, 34394 
Şişli/İstanbul /Türkiye Email: bahar.erbas@demiroglu.bilim.edu.tr   
  Received: 31 August 2025   Accepted: 20 July 2026 Cite as: Erbas.B et.al. Evaluation of intentional overdose neuropsychotropic drug intake cases in emergency 
room..JCMBS 2026; 6(2):76-86 doi.org/ 10.5281/zenodo.21778470 
 
The works published in our journal are published as open access under the CC BY-NC-ND 4.0 

Evaluation of Intentional Overdose Neuropsychotropic Medication Ingestion Cases Presenting to The Emergency 
Room 

Acil Servis Başvurularinda Kasitli Yüksek Doz Nöropsikotropik İlaç Alimi Olgularinin Değerlendirilmesi 
Bahar Erbas1* ,  Goksu Afacan 2 ,  İbrahim Altunok 3 , Serkan Emre Eroglu3  

1Demiroglu Bilim University Faculty of Medicine, Department of Pharmacology, İstanbul, Türkiye 
2 Department of Emergency Medicine, Istanbul Aydin University Faculty of Medicine, İstanbul, Türkiye 

3 Department of Emergency Medicine, University of Health Sciences Ümraniye Training and Research Hospitalİstanbul, Türkiye  

 

 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstract 
Background: Cases of intentional drug overdose are a frequent reason for emergency room presentation, but 
the contribution of neuropsychotropic drugs (NPDs) to its clinical course is not well defined. We aimed to 
identify demographic, clinical, treatment-related, and other characteristics distinguishing patients with NPD 
ingestion. 
Materials and Methods: In this single-center retrospective study, 247 adults presenting after intentional high-
dose drug ingestion were classified as isolated non-NPD (139), isolated NPD (83), or mixed (25) ingestion. 
Groups were compared with univariate tests, and independent associations were assessed with multivariable 
logistic regression accounting for potential confounders. 
Results: The median age was 32 years and 74.1% were female. NPDs were involved in 43.7% of patients, most 
commonly antidepressants (25.9%), antipsychotics (10.9%), and benzodiazepines (9.7%); isolated NPD 
ingestion more often involved a single class (85.5% vs 51.1%; p<0.001). Own-medication use and a prior 
psychiatric diagnosis were more frequent in the NPD groups (both p<0.001), and reduced consciousness was 
more frequent with isolated NPD ingestion (14.5% vs 2.2%; p=0.002). Beyond these differences, isolated NPD 
ingestion remained independently associated with central nervous system (CNS) manifestations on 
multivariable analysis (AOR 4.29, 95% CI 1.97 to 9.33; p<0.001). During follow-up, most patients had an 
uneventful course with no major events or deaths; however, many patients refused treatment or left before 
completing observation. 
Conclusions: NPD overdoses were distinguished by more frequent own-medication use, prior psychiatric 
diagnosis, and CNS manifestations; supportive care was sufficient. However, frequent treatment refusal 
limits these findings to the emergency room period and warrants post-discharge follow-up. 
Keywords: Drug Overdose; Neuropsychotropic Drugs; Emergency Room 
 
Öz 
Amaç: Kasıtlı ilaç aşırı doz alımı olguları, acil servise sık başvuru nedenlerindendir; ancak nöropsikotropik 
ilaçların (NPİ) klinik tablo ve kısa dönem seyirdeki rolü yeterince tanımlanmamıştır. Bu çalışmada, NPİ 
alan olguların demografik, klinik, tedavi yaklaşımları ve diğer bazı açılardan farklılıklarını ortaya koymayı 
amaçladık. Gereç ve Yöntem: Bu tek merkezli retrospektif çalışmada, kasıtlı yüksek doz ilaç alımıyla 
başvuran 247 erişkin; izole NPİ olmayan (139), izole NPİ (83) ve mikst (25) ilaç alımı olarak sınıflandırıldı. 
Gruplar tek değişkenli testlerle karşılaştırıldı; olası karıştırıcıları dikkate alan çok değişkenli lojistik 
regresyonla bağımsız ilişkiler belirlendi. 
Bulgular: Hastaların ortanca yaşı 32 yıl olup %74,1'i kadındı. NPİ'ler olguların %43,7'sinde saptandı; en sık 
antidepresanlar (%25,9), antipsikotikler (%10,9) ve benzodiazepinler (%9,7) idi. İzole NPİ alımı daha sık 
tek ilaç sınıfı içeriyordu (%85,5'e karşı %51,1; p<0,001). Kendi ilacını kullanma eğilimi ve önceki psikiyatrik 
tanı, NPİ alan gruplarda daha sıktı (her ikisi için p<0,001); bilinç düzeyinde azalma da izole NPİ alımında 
daha sıktı (%14,5'e karşı %2,2; p=0,002). Bu farklılıklara ek olarak, regresyon analizinde izole NPİ alımı 
santral sinir sistemi (SSS) bulgularıyla bağımsız olarak ilişkili bulundu (AOR 4,29; %95 CI 1,97-9,33; 
p<0,001). Takip süresince hastaların büyük çoğunluğunda klinik seyir sorunsuz olup majör olay ya da 
eksitus izlenmedi; ancak önemli bir bölümü tedaviyi reddetti ya da gözlemi tamamlamadan ayrıldı. 
Sonuç: NPİ alan kasıtlı ilaç aşırı doz alımı olguları; daha sık kendi ilacını kullanma eğilimi, önceki 
psikiyatrik tanı ve SSS bulgularıyla diğer olgulardan ayrılmaktadır. Destekleyici tedavi çoğu olguda yeterli 
olmakla birlikte, yüksek tedavi reddi oranı bulguları acil servis dönemiyle sınırlamakta ve taburculuk 
sonrası izlemi gerektirmektedir. 
Anahtar Kelimeler: İlaç Aşırı Dozu; Nöropsikotrop İlaçlar; Acil Servis 
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         Introduction  

Drug intoxications are an important cause of emergency room (ER) visits worldwide and have been reported to 
account for approximately 0.1% to 0.2% of all ER admissions in Türkiye, with rates varying by center (1-3). More 
than half of high-dose drug ingestion cases, and in some series more than two-thirds, are intentional; intentional 
drug overdose is defined in the literature as the deliberate ingestion of a medication above the therapeutic dose 
(4,5). Among these exposures, neuropsychotropic drugs (NPDs) and analgesics stand out as the most frequently 
ingested drug classes (6,7). NPDs are medications that act on the central nervous system to alter mood, cognition, 
or behavior and are used in the treatment of psychiatric or neurological conditions (8,9). 
Patients who overdose on NPDs may differ from those who ingest other drug classes in the proportion who use 
their own prescribed medication, the prevalence of a prior psychiatric diagnosis, and the pattern of clinical 
manifestations at presentation (10,11). In mixed ingestion, the clinical picture may become even more complex 
because of polypharmacy (12). These distinctions are clinically relevant, as they may influence early ER assessment, 
the choice of supportive interventions, and disposition decisions (13). 
To the best of our knowledge, no study in Türkiye has separately examined the isolated-NPD patient group and 
compared it with patients who ingested other drug classes while controlling for potential confounders through 
multivariable analyses. 
This retrospective study examined patients with isolated NPD, isolated non-NPD, and mixed ingestion, aiming to 
compare these three groups in terms of demographic characteristics, clinical findings, treatments, and disposition, 
and to identify clinical features independently associated with the type of ingestion; secondarily, it aimed to 
position the medication profile of our cohort within local and international prescribing patterns. 
 
Material and Methods 
Study design and patient selection 
This single-center, retrospective observational study included all patients aged 18 years and older who presented to 
the ER of Hospital between 1 January and 30 June 2019 following intentional drug overdose, defined as deliberate 
ingestion of a dose above the therapeutic range documented as such in the medical records (14). Accidental 
overdoses and cases in which the ingested drug was completely unknown were excluded. Serum drug 
concentrations were not systematically available; case identification and classification were based on documented 
history, reported ingestion, and clinical assessment recorded in the charts, as rapid comprehensive toxicological 
analysis is not routinely available in our emergency setting (15,16). 
 
Data collection 
Data were extracted from patient records by two independent, trained investigators using a standardized data 
collection form, and any discrepancies were resolved by consensus. The following variables were recorded: 
demographic characteristics (age, sex), ingested medications and their drug classes, time elapsed between ingestion 
and ER arrival, whether the ingested drug was the patient’s own prescribed medication, prior/co-morbid psychiatric 
diagnosis, history of previous suicide attempt, alcohol and substance co-ingestion, clinical findings on presentation 
(vital signs, Glasgow Coma Scale [GCS] score, and systemic findings), treatments administered, psychiatric 
consultation, and hospital disposition (discharge after completed treatment, treatment refusal, leaving against 
medical advice, ward or intensive care unit admission, or transfer to an external center). Variables not documented 
in the records were treated as missing rather than as negative findings, and statements such as “no seizures” were 
reformulated as “not documented in the ER records.” 
 
Drug classification 
All ingested medications were assigned to one of 14 anatomical-therapeutic classes, adapted from the WHO 
Anatomical Therapeutic Chemical (ATC) classification system to fit the medication profile and clinical groupings 

Highlights   
• Isolated neuropsychotropic drug ingestion was independently associated with central nervous system 
manifestations. 
• Ingestion of medications prescribed to the patient was more prevalent in neuropsychotropic-related 
overdoses. 
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encountered in our cohort (17): benzodiazepines, antipsychotics, antidepressants, antiepileptics, antibiotics, 
analgesics, antigripal agents, antihistamines, cardiovascular system drugs, antiplatelet and anticoagulant agents, 
respiratory system drugs, gastrointestinal system drugs, endocrine drugs, and other (6). 
The NPD category comprised benzodiazepines, antipsychotics, antidepressants, antiepileptics, psychostimulants, 
mood stabilizers, and antidementia agents (8,9). No patient ingested a psychostimulant, mood stabilizer, or 
antidementia agent; the observed NPD ingestions therefore consisted of benzodiazepines, antipsychotics, 
antidepressants, and antiepileptics. 
Opioid analgesics were not included within the NPD category, as they are pharmacologically classified as analgesics 
rather than psychiatric medications and differ substantially from neuropsychotropic overdose in pathophysiology, 
presentation, and management (for example, respiratory depression and naloxone as a specific antidote) (18,19,20). 
The analgesics class was therefore treated as non-NPD to maintain a clinically homogeneous study population; no 
opioid analgesic ingestion was recorded in the cohort. 
Patients were then classified into three groups according to the type of ingestion: isolated non-NPD ingestion (Group 
1, patients who had ingested only non-NPD classes), isolated NPD ingestion (Group 2, patients who had ingested 
only NPD classes), and mixed ingestion (Group 3, patients who had ingested drugs from both categories). 
 
Counting rules for medications 
Two exposure measures were recorded for each patient. (a) Number of medication classes: the count of distinct 
classes (from the 14-class list) to which the ingested drugs belonged; for example, three different analgesics counted 
as 1, whereas one antidepressant plus one benzodiazepine counted as 2. (b) Total number of medications: the count 
of distinct generic (active) substances ingested; two brand products with the same active substance counted as one, 
whereas two different active substances counted as two even within the same class. In Table 1, medication-class 
rows are presented at the exposure level, so class-level frequencies may sum to more than the number of patients 
and percentages may exceed 100%; all other variables are presented at the patient level. In addition, each ingestion 
was dichotomized as single-class or multiple-class (two or more medication classes) for between-group comparison. 
 
Definitions of clinical findings 
Central nervous system (CNS) findings were defined as any new neurological manifestation attributable to the 
ingestion, in keeping with the nervous system features of the Poisoning Severity Score (21): dizziness or vertigo, 
drowsiness, somnolence or lethargy, confusion or disorientation, agitation or restlessness, slurred speech, tremor, 
ataxia, seizures, or any reduction in the level of consciousness, including a Glasgow Coma Scale (GCS) score below 
15. Cardiovascular, gastrointestinal, and respiratory findings were classified in keeping with the corresponding 
system categories of the Poisoning Severity Score (21): cardiovascular findings included hypotension (systolic blood 
pressure <90 mmHg), hypertension (systolic blood pressure ≥140 mmHg), palpitations, or chest pain; gastrointestinal 
(GI) findings included nausea, vomiting, hematemesis-melena, rectal bleeding, or diarrhea; and respiratory findings 
were defined as an abnormal respiratory rate (>20 or <12 breaths/min) or depth. An electrocardiographic (ECG) 
abnormality was defined as any new ECG change attributable to the ingestion documented in the records, including 
rate or rhythm disturbances (sinus tachycardia, bradycardia, or arrhythmia), conduction abnormalities (PR or QRS 
prolongation), QT or QTc prolongation, or ST-T changes. Activated charcoal, gastric lavage, and hydration were 
grouped under “basic intoxication treatments,” whereas proton pump inhibitors, antiemetics, antidotes, and other 
supportive interventions were grouped under “other treatments.” An adverse hospital disposition was defined as 
ward or intensive care unit admission or transfer to an external center. 
 
Missing data 
Missingness was low for all variables (≤2%) except for the time from ingestion to ER arrival, which could not be 
determined in 48 patients (19.4%) because the time of ingestion was unknown in these cases. Because this 
information was genuinely unavailable rather than simply unrecorded, and to avoid excluding the affected patients 
and introducing potential selection bias into the multivariable models, this variable was not entered as a covariate 
in the regression models. No imputation was performed; all analyses were based on complete cases for the variables 
included in each model. 
 
Ethical approval  
This study was conducted in accordance with the Declaration of Helsinki and institutional ethical guidelines. The 
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study was approved by the Clinical Research Ethics Committee of Ümraniye Training and Research Hospital 
(decision no. 225; date 20/11/2019). Since this study was retrospective, informed patient consent statement was not 
obtained. 
 
Statistical Analysis 
All analyses were performed in Python 3.12 (pandas, NumPy, SciPy, and statsmodels). The normality of continuous 
variables was assessed using the Kolmogorov-Smirnov test and histograms; because the data were not normally 
distributed, descriptive statistics are reported as median (minimum-maximum). Three-group comparisons were 
performed using the Kruskal-Wallis test for continuous variables and the Pearson chi-square test for categorical 
variables; when more than 20% of expected cell counts were below 5, Fisher’s exact test or, for 2×3 tables, the Fisher-
Freeman-Halton test (approximated by Monte Carlo simulation) was used instead. When the omnibus test was 
significant, pairwise comparisons were performed using the Mann-Whitney U test or the appropriate chi-square / 
Fisher test, with Bonferroni correction. To address potential confounding, multivariable logistic regression models 
were fitted for each clinical outcome, with adjustment for age, sex, polypharmacy (use of more than one medication 
class), prior psychiatric diagnosis, previous suicide attempt, and use of the patient’s own prescribed medication. 
Firth’s penalized logistic regression was used for outcomes with fewer than 80 events to reduce small-sample bias; 
results are reported as adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Statistical significance was 
set at P < 0.05 (two-sided). 
 
Results 
A total of 247 patients were analyzed. Median age was 32 (18-74) years and 74.1% were female. One drug class was 
ingested by 142 patients (57.5%), two by 70 (28.3%), and three or more by 35 (14.2%). Overall, 108 patients (43.7%) 
had ingested at least one neuropsychotropic drug (NPD); the most frequent classes were antidepressants (25.9%), 
antipsychotics (10.9%), benzodiazepines (9.7%), and antiepileptics (4.9%), with subgroup distributions shown in 
Table 1. No opioid analgesic was recorded, and no patient ingested a psychostimulant, mood stabilizer, or 
antidementia agent. Seventy-two patients (29.1%) were evaluated by psychiatry during the ER visit, seizures were 
not documented in any patient, and no deaths occurred during ER observation. Alcohol co-ingestion was recorded 
in 17 patients (6.9%) and substance use in 5 (2.0%); all substance-use patients had also co-ingested alcohol. 
 
Table 1. Demographic characteristics of patients and distribution of ingested medications 

Variable n/N (%) or Median (Min–Max) 
Age, years 32 (18–74) 
Sex 
  Female 183/247 (74.1) 
  Male 64/247 (25.9) 
Number of medication groups ingested 
  Single medication group 142/247 (57.5) 
  Two medication groups 70/247 (28.3) 
  Three or more medication groups 35/247 (14.2) 
NPD intake   
  At least one NPD* 108/247 (43.7) 
  No NPD 139/247 (56.3) 
Medication Classes** 
  NPD classes  
     Benzodiazepines 24/247 (9.7) 
     Alprazolam 9/24 (37.5) 
     Medazepam 11/24 (45.8) 
    Other benzodiazepines 4/24 (16.7) 
  Antipsychotics 27/247 (10.9) 
    Atypical 25/27 (92.6) 
    Typical 2/27 (7.4) 
  Antidepressants 64/247 (25.9) 
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    SSRIs 41/64 (64.1) 
    TCAs 4/64 (6.3) 
    SNRIs 5/64 (7.8) 
    Atypical 11/64 (17.2) 
    Other antidepressants   3/64 (4.7) 
  Antiepileptics 12/247 (4.9) 
Non-NPD classes  
  Antibiotics 35/247 (14.2) 
  Analgesics 105/247 (42.5) 
  Antigripal agents 28/247 (11.3) 
  Antihistamines 11/247 (4.5) 
  Cardiovascular system drugs 9/247 (3.6) 
  Antiplatelet and anticoagulant agents 7/247 (2.8) 
  Respiratory system drugs 3/247 (1.2) 
  Gastrointestinal system drugs 28/247 (11.3) 
 Endocrine drugs 9/247 (3.6) 
  Other*** 55/247 (22.3) 

Abbreviations: Data are presented as n/N (%) unless otherwise specified. Continuous variables are expressed as median (minimum–maximum). NPD: 
Neuropsychotropic drug; SSRI: Selective serotonin reuptake inhibitor; TCA: Tricyclic antidepressant; SNRI: Serotonin–norepinephrine reuptake inhibitor. 
*Among patients exposed to at least one NPD, 21 patients (19.4%) ingested more than one NPD class. **Some patients were exposed to multiple medication classes 
and subclasses simultaneously; therefore, the sum of individual class and subclass frequencies may exceed the total number of patients. *** “Other” includes non-
NPD medications not classified under the predefined non-NPD medication groups listed above. 

 
Patients were classified into three groups: isolated non-NPD (Group 1, n=139), isolated NPD (Group 2, n=83), and 
mixed (Group 3, n=25); comparisons are shown in Table 2. Age, sex, blood pressure, pulse, and oxygen saturation 
did not differ between groups (all p>0.10). The number of medication classes (p<0.001) and the total number of 
ingested medications (p<0.001) were highest in Group 3. Single-class ingestion was more frequent in the isolated 
NPD group than in the isolated non-NPD group (71/83, 85.5% vs 71/139, 51.1%; p<0.001); by definition, all mixed 
ingestions involved two or more classes. The Glasgow Coma Scale (GCS) also differed (p=0.002): most patients had 
a GCS of 15 (230/247, 93.1%), 17 (6.9%) had a GCS of 9-14, and none had a GCS of 8 or below; a reduced GCS was 
more frequent in Group 2 than Group 1 (12/83, 14.5% vs 3/139, 2.2%; Bonferroni-corrected p=0.002). 
Among categorical variables, the most pronounced difference was use of the patient's own prescribed medication: 
62/83 (74.7%) in Group 2 and 18/25 (72.0%) in Group 3 versus 53/139 (38.1%) in Group 1 (p<0.001). A prior psychiatric 
diagnosis was also more frequent in Groups 2 and 3 than Group 1 (69.9% and 56.0% vs 25.2%; Bonferroni-corrected 
p<0.001). CNS manifestations were more frequent in Group 2 than Group 1 (33/82, 40.2% vs 17/139, 12.2%; 
Bonferroni-corrected p<0.001), whereas GI manifestations were more common in Group 1 (31/139, 22.3%; overall 
p=0.017, with no pairwise significance after correction). Sex, previous suicide attempt, ECG abnormality, respiratory 
disturbance, treatments, psychiatric consultation, and hospital disposition did not differ between groups (all p>0.08; 
Table 2). 
Table 2. Comparison of demographic, exposure, history, clinical, treatment, and outcome variables between the 
three patient groups. 

Variable Group 1: 
Isolated 
non-NPD 
(n = 139) 

Group 2: 
Isolated 
NPD (n = 
83) 

Group 3: Mixed 
ingestion (n = 25) 

Test 
statistic 

Overall P Post-hoc pairwise P * 

Demographic characteristics 
Age, years 30 (18–74) 32 (18–63) 38 (18–56) H = 3.83 0.147 G1 vs G2: 0.423; G1 vs G3: 

0.057; G2 vs G3: 0.171 
Female, n (%) 101/139 

(72.7) 
62/83 (74.7) 20/25 (80.0) χ² = 0.62 0.734 G1 vs G2: 0.757; G1 vs G3: 

0.622; G2 vs G3: 0.790 
Exposure (ingestion) characteristics 
Number of 
medication classes 

1 (1–6) 1 (1–3) 2 (2–6) H = 69.58 <0.001 G1 vs G2: <0.001; G1 vs 
G3: <0.001; G2 vs G3: 
<0.001 

Total number of 2 (1–8) 1 (1–4) 3 (2–11) H = 56.04 <0.001 G1 vs G2: <0.001; G1 vs 
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ingested 
medications 

G3: <0.001; G2 vs G3: 
<0.001 

Single-class 
ingestion, n (%)† 

71/139 (51.1) 71/83 (85.5) 0/25 (0.0) χ² = 62.9 <0.001 G1 vs G2: <0.001; G1 vs 
G3: <0.001; G2 vs G3: 
<0.001 

Own prescribed 
medication, n (%) 

53/139 (38.1) 62/83 (74.7) 18/25 (72.0) χ² = 31.65 <0.001 G1 vs G2: <0.001; G1 vs 
G3: 0.002; G2 vs G3: 0.798 

Time since 
ingestion, min 

90 (20–1200) 
(n = 110) 

120 (15–
780) (n = 
66) 

120 (30–1320) (n = 
23) 

H = 0.40 0.819 G1 vs G2: 0.549; G1 vs G3: 
0.736; G2 vs G3: 0.962 

Psychiatric history 
Previous suicide 
attempt, n (%) 

25/139 (18.0) 23/83 (27.7) 7/25 (28.0) χ² = 3.37 0.186 G1 vs G2: 0.095; G1 vs G3: 
0.274; G2 vs G3: 1.000 

Prior psychiatric 
diagnosis, n (%) 

35/139 (25.2) 58/83 (69.9) 14/25 (56.0) χ² = 44.11 <0.001 G1 vs G2: <0.001; G1 vs 
G3: 0.004; G2 vs G3: 0.230 

Clinical findings at presentation 
Systolic BP, mmHg 123 (89–200) 121 (80–

160) 
120 (100–160) H = 0.63 0.730 G1 vs G2: 0.793; G1 vs G3: 

0.415; G2 vs G3: 0.596 
Diastolic BP, 
mmHg 

75 (40–118) 70 (43–110) 71 (50–100) H = 2.57 0.277 G1 vs G2: 0.124; G1 vs G3: 
0.958; G2 vs G3: 0.319 

Pulse, bpm 80 (50–120) 83 (58–154) 83 (60–109) H = 2.41 0.300 G1 vs G2: 0.152; G1 vs G3: 
0.361; G2 vs G3: 0.881 

Oxygen saturation, 
% 

99 (70–100) 98 (90–100) 99 (92–100) H = 0.59 0.745 G1 vs G2: 0.446; G1 vs G3: 
0.926; G2 vs G3: 0.720 

Glasgow Coma 
Scale 

15 (11–15) 15 (9–15) 15 (14–15) H = 12.09 0.002 G1 vs G2: <0.001; G1 vs 
G3: 0.128; G2 vs G3: 0.378 

CNS symptoms, n 
(%) 

17/139 (12.2) 33/82 (40.2) 8/24 (33.3) χ² = 23.77 <0.001 G1 vs G2: <0.001; G1 vs 
G3: 0.014; G2 vs G3: 0.637 

Gastrointestinal 
symptoms, n (%) 

31/139 (22.3) 9/83 (10.8) 1/25 (4.0) χ² = 8.12 0.017 G1 vs G2: 0.046; G1 vs G3: 
0.031; G2 vs G3: 0.448 

ECG abnormality, 
n (%) 

16/139 (11.5) 11/83 (13.3) 3/25 (12.0) χ² = 0.15 0.957 G1 vs G2: 0.832; G1 vs G3: 
1.000; G2 vs G3: 1.000 

Respiratory 
disturbance, n (%) 

2/139 (1.4) 0/83 (0.0) 0/25 (0.0) χ² = 1.57 0.624 G1 vs G2: 0.530; G1 vs G3: 
1.000; G2 vs G3: 1.000 

Treatments, n (%) 
Activated charcoal 83/139 (59.7) 45/83 (54.2) 16/24 (66.7) χ² = 1.37 0.504 G1 vs G2: 0.483; G1 vs G3: 

0.652; G2 vs G3: 0.352 
Hydration 69/138 (50.0) 43/83 (51.8) 12/25 (48.0) χ² = 0.13 0.936 G1 vs G2: 0.890; G1 vs G3: 

1.000; G2 vs G3: 0.821 
Gastric lavage 14/138 (10.1) 14/83 (16.9) 3/25 (12.0) χ² = 2.14 0.347 G1 vs G2: 0.151; G1 vs G3: 

0.728; G2 vs G3: 0.757 
Other treatments 55/139 (39.6) 22/82 (26.8) 6/25 (24.0) χ² = 4.92 0.085 G1 vs G2: 0.059; G1 vs G3: 

0.179; G2 vs G3: 1.000 
Psychiatric 
consultation 

43/138 (31.2) 23/83 (27.7) 6/25 (24.0) χ² = 0.67 0.715 G1 vs G2: 0.650; G1 vs G3: 
0.636; G2 vs G3: 0.801 

Outcome, n (%) 
Adverse 
disposition 
(ward/ICU 
admission or 
transfer) 

19/139 (13.7) 14/82 (17.1) 0/25 (0.0) χ² = 4.83 0.084 G1 vs G2: 0.559; G1 vs G3: 
0.081; G2 vs G3: 0.037 

Abbreviations: Data are presented as median (minimum–maximum) for continuous variables and as n/N (%) for categorical variables. The Kruskal–Wallis test (H) 
was used for continuous variables; for categorical variables the Pearson chi-square test (χ²) was used, or the Fisher–Freeman–Halton exact test (Monte Carlo, 10,000 
permutations) when >20% of cells had expected counts <5. Bold values indicate statistical significance. 
* Post-hoc pairwise comparisons used the Mann–Whitney U test (continuous) or Pearson chi-square / Fisher–Freeman–Halton test (categorical). Raw P values are 
reported; with three comparisons the Bonferroni-corrected threshold is P < 0.017. † Single-class ingestion = ingestion confined to a single medication class. By definition, 
all mixed ingestions involve ≥2 classes; the meaningful comparison is therefore between the two isolated groups (isolated NPD 85.5% vs isolated non-NPD 51.1%; G1 
vs G2 P < 0.001). NPD: neuropsychotropic drug; BP: blood pressure; CNS: central nervous system; ECG: electrocardiogram; ICU: intensive care unit. CNS symptoms 
were defined as any ingestion-related neurological manifestation (e.g., dizziness, drowsiness, confusion, agitation, tremor, ataxia, or seizures) or a Glasgow Coma 
Scale score below 15, as detailed in the Methods. 
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Overall, 102 patients (41.1%) refused treatment and 52 (21.1%) left against medical advice, with 62.2% leaving before 
completing the recommended observation; neither rate differed significantly across the three groups (p>0.05). 
To determine whether these differences reflected the type of ingestion or underlying patient characteristics, 
multivariable logistic regression was fitted for each outcome, adjusting for age, sex, polypharmacy, prior psychiatric 
diagnosis, previous suicide attempt, and own-medication use (Table 3); Firth's penalized regression was used for 
outcomes with fewer than 80 events. After adjustment, two associations persisted: isolated NPD ingestion was 
independently associated with CNS manifestations (aOR 4.29, 95% CI 1.97-9.33; p<0.001), and GI manifestations 
were less frequent in the mixed group (aOR 0.13, 95% CI 0.02-0.76; p=0.024). No other outcome (treatments, 
psychiatric consultation, or disposition) differed after adjustment; a reliable adjusted estimate for adverse 
disposition could not be obtained in the mixed group, where no such events occurred. All findings refer to the ER 
observation period. 
 
Table 3. Multivariable logistic regression of clinical outcomes by ingestion group. 

Outcome Events (n) Method Group 2 vs 
Group 1 

aOR (95% CI) 

p Group 3 vs 
Group 1 
aOR (95% CI) 

p 

CNS symptoms 58 Firth 4.29 (1.97 to 
9.33) 

<0.001 2.21 (0.75 to 
6.51) 

0.150 

Gastrointestinal symptoms 41 Firth 0.44 (0.18 to 
1.08) 

0.072 0.13 (0.02 to 
0.76) 

0.024 

Activated charcoal 144 MLE 0.83 (0.44 to 
1.58) 

0.579 1.47 (0.56 to 
3.90) 

0.434 

Hydration 124 MLE 1.43 (0.75 to 
2.73) 

0.278 1.11 (0.43 to 
2.87) 

0.837 

Gastric lavage 31 Firth 1.93 (0.79 to 
4.72) 

0.147 1.86 (0.45 to 
7.66) 

0.392 

Other treatments 83 MLE 0.74 (0.37 to 
1.48) 

0.402 0.70 (0.24 to 
2.04) 

0.513 

Psychiatric consultation 72 Firth 0.95 (0.47 to 
1.92) 

0.891 0.92 (0.32 to 
2.69) 

0.879 

Adverse disposition (ward/ICU 
admission or transfer) 

33 Firth 1.15 (0.47 to 
2.79) 

0.765 0.10 (0.01 to 
1.68) 

0.109 

Abbreviations: All models were adjusted for age, sex, polypharmacy (more than one medication class), prior psychiatric diagnosis, previous suicide attempt, and use 
of the patient’s own prescribed medication. Bold values indicate statistical significance (P < 0.05). Firth, Firth’s penalized maximum likelihood logistic regression; 
MLE, standard maximum likelihood logistic regression; aOR, adjusted odds ratio; CI, confidence interval; NPD, neuropsychotropic drug; CNS, central nervous 
system; GCS, Glasgow Coma Scale; GI, gastrointestinal; ICU, intensive care unit.Group 1 (reference), isolated non-NPD ingestion; Group 2, isolated NPD ingestion; 
Group 3, mixed ingestion. Adjusted odds ratios (aORs) with 95% confidence intervals. 

 

Discussion 
Main findings and comparison of the three groups 
In this single-center retrospective study, we classified 247 adults presenting to the ER after intentional high-dose 
ingestion into three groups: isolated non-NPD, isolated NPD, and mixed ingestion. Most patients ingested a single 
drug class. Single-agent ingestion was significantly more common in the isolated NPD group than in the non-NPD 
group (85.5% vs 51.1%), whereas the number of drug classes and the total number of ingested medications were 
highest in the mixed group. This suggests that isolated NPD ingestion is often a targeted act involving a single, 
usually own-prescribed psychotropic agent, whereas mixed ingestion reflects polypharmacy and a higher drug 
burden. 
Use of the patient's own prescribed medication and a prior psychiatric diagnosis were more frequent in the isolated 
NPD and mixed groups than in the non-NPD group, whereas previous suicide attempts were similar. After 
accounting for these baseline differences, two findings independently distinguished the groups: isolated NPD 
ingestion was linked to CNS manifestations, with predominantly neurological findings and more frequent reduction 
in consciousness, while non-NPD patients, who more often turned to drugs available at the time, had GI 
manifestations more often. The mixed group had the lowest likelihood of GI manifestations despite the highest drug 
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burden, which warrants caution given the small group size and possible suppression of GI symptoms by co-ingested 
antiemetic or sedative agents. Treatments, psychiatric consultation, and hospital disposition were similar across 
groups, although a substantial proportion of patients refused treatment or left against medical advice before 
completing observation. 
 
Demographic profile and local prescribing context 
Most of our patients were women, with age concentrated in the second to fourth decades (1,22). The most frequently 
ingested class was analgesics, and non-NPD ingestions were more common; this pattern is in line with series from 
developing countries (5,23). The drug profile appears shaped by local prescribing habits: opioid analgesics, 
prominent in Western series, were entirely absent, consistent with cautious opioid prescribing in our country, while 
benzodiazepines were ingested less often than antidepressants, in line with their controlled ("green") prescription 
status (24,25). 
 
Drug distribution and toxicodynamic considerations 
Among NPD ingestions in our cohort, in descending order of frequency, were antidepressants (25.9%), 
antipsychotics (10.9%), benzodiazepines (9.7%), and antiepileptics (4.9%); most antidepressants were selective 
serotonin reuptake inhibitors (SSRIs; 64.1%). This pattern reflects the widespread prescribing of SSRIs, which are 
considered safer than TCAs in overdose (10,26). Escitalopram/citalopram and sertraline predominated, consistent 
with rising SSRI prescribing worldwide and a possible link between SSRI use and intentional ingestion, particularly 
in young individuals (7). Drug distribution differs across regions, reflecting geographic differences in prescribing 
practices (27,28). TCA ingestion was rare and limited to amitriptyline, consistent with Turkish series (29). Atypical 
antidepressants ranked second, with trazodone predominating, likely reflecting its off-label use for insomnia and 
home availability (30). TCAs are particularly important in overdose: sodium-channel blockade causes life 
threatening arrhythmias and seizures and alpha-adrenergic blockade causes hypotension; TCA toxicity is therefore 
associated with a more severe course (31). SSRI overdose more often manifests with mild CNS depression, 
gastrointestinal symptoms, and serotonin syndrome (26). 
While the most frequently reported benzodiazepines in international series are clonazepam, alprazolam, and 
diazepam, medazepam predominated in our cohort (12,28); the prominence of medazepam may reflect its frequent 
prescribing for somatoform and anxiety disorders by non-psychiatrist physicians in Turkey, with consequent ready 
availability at home. Benzodiazepines potentiate the GABA-A receptor and generally produce limited toxicity alone; 
severe respiratory depression mostly reflects co-ingestion with other CNS depressants or alcohol (26). Although 
ICU-admitted patients may have prolonged stays and more aspiration pneumonia, overall mortality does not differ 
from other NPD classes (32). 
Intentional antipsychotic ingestions have increased by about 150% since the early 2000s, paralleling the rise in 
antipsychotic prescribing (7). Risperidone, olanzapine, and quetiapine predominate in international series (27), 
whereas quetiapine is most frequent in Turkish data, possibly reflecting its off-label use for insomnia and anxiety 
(33). In overdose, atypical antipsychotics can cause CNS depression, hypotension, tachycardia, anticholinergic 
effects, and QT prolongation, while extrapyramidal findings are rare (26). 
Among antiepileptics, valproic acid, carbamazepine, and lamotrigine were most frequently ingested and warrant 
particular attention in overdose because of their multi-organ toxicity: the sodium-channel blockers carbamazepine 
and lamotrigine can cause QRS prolongation and ventricular arrhythmia; carbamazepine can additionally 
precipitate paradoxical seizures and status epilepticus, valproic acid hyperammonemia and encephalopathy, and 
lamotrigine Stevens-Johnson syndrome (34,35). 
 
Use of the patient’s own prescribed medication 
A distinguishing feature of this cohort was the frequent use of the patient's own prescribed medication, which was 
common in both the isolated NPD and mixed groups. This is consistent with Karatoprak et al., who reported that 
most patients had taken medications available at home (36). Own-medication use and a prior psychiatric diagnosis 
were markedly more frequent in the NPD-related groups; both were adjusted for in the multivariable models, and 
the group differences in clinical outcomes, notably CNS manifestations, remained independent of them. Because 
NPDs are prescribed to individuals with an underlying psychiatric disorder, this finding reflects a vulnerable patient 
group with both increased access to these drugs and a high risk of self-harm (37,38). Therefore, at the prescribing 
stage, safer agents, avoidance of polypharmacy, limited dispensed quantities, structured psychiatric follow-up, 
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reassessment of medication access after an ingestion, and avoidance of high-risk combinations are recommended 
(29,39). 
 
Clinical management and hospital disposition 
In our cohort the ER course was largely uneventful: most patients had a GCS of 15, none had a GCS ≤8 or a 
documented seizure, and no deaths occurred during observation. Treatments, psychiatric consultation, and adverse 
hospital disposition did not differ between groups. These findings are consistent with reports that supportive 
treatment suffices in most intentional overdoses and that advanced interventions are needed only in a small 
subgroup (22,40); nonetheless, intentional overdose carries a measurable risk of severe toxicity (34). The greater 
frequency of CNS manifestations in the isolated NPD group supports prioritizing mental status and airway 
monitoring after neurotropic agent ingestion. Sodium-channel blockers such as TCAs and carbamazepine require 
serial ECG and, if toxicity is present, serum alkalinization with sodium bicarbonate, whereas SSRIs and 
antipsychotics require QT monitoring (26). Therefore, particularly after ingestion of multiple agents or extended-
release preparations, patients should be closely monitored for CNS depression, respiratory insufficiency, cardiac 
conduction abnormalities, and serotonin syndrome (26). Naloxone is a specific antidote for opioids, whereas 
flumazenil is not routinely recommended for benzodiazepines because of the risk of withdrawal seizures with 
proconvulsant co-ingestion; the mainstay of management is airway safety and supportive care (19,41). 
Nonetheless, a substantial proportion of patients (62.2%) refused treatment or left against medical advice before 
completing the recommended observation. This high rate means our findings should be interpreted as limited to the 
ER observation period, since the observed uneventful course cannot be generalized to final outcomes. Because 
poisoning patients who leave against medical advice carry an increased risk of repeat poisoning and mortality, ER-
based brief psychiatric evaluation and structured follow-up linkage are important (42). 
 
Study limitations  
Several limitations warrant consideration. As a single-center, retrospective investigation, the generalizability of our 
findings may be limited despite the high patient volume. Because comprehensive toxicological analysis was not 
routinely available, exposure ascertainment relied on patient or collateral report together with clinical assessment, 
which may have led to misidentification of the agent or dose; in the emergency setting, however, laboratory 
confirmation seldom alters acute management, length of stay, or prognosis (43). Psychiatric evaluation was 
undertaken in only a minority of patients, which constrained both the differentiation of suicidal from impulsive 
intent and the reliability of the psychiatric-history variables; consequently, all cases were analyzed within a single 
intentional-overdose category, and standardized instruments such as ADORA or the SAD PERSONS scale could not 
be applied, as the requisite information was not consistently documented. Our findings pertain solely to the 
emergency room observation period, since the post-discharge course lay beyond the scope of the study. Finally, the 
mixed-ingestion subgroup was small and exhibited no adverse outcomes, precluding reliable adjusted estimates, 
while concomitant alcohol and substance use was infrequent, limiting its potential confounding influence, although 
it may have been incompletely captured in the retrospective records. 
  
Conclusion 
Among adults presenting to a Turkish ER after intentional high-dose ingestion, NPD ingesters were distinguished 
by use of their own prescribed medication, a prior psychiatric diagnosis, and more frequent CNS manifestations, 
whereas mixed ingestion involved multiple drugs and, unexpectedly, fewer GI manifestations after adjustment. The 
overall course was uneventful and supportive management sufficed in most cases; however, the substantial 
proportion who refused treatment or left before completing observation underscores the importance of treatment 
retention and post-discharge follow-up. These findings support addressing overdose risk at the prescribing stage, 
through limited dispensed quantities, avoidance of polypharmacy, safer agent selection, and structured psychiatric 
follow-up. Multicenter prospective studies are needed to determine whether these ER profile differences translate 
into post-discharge outcomes. 
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Abstract 
Background: Persistent postoperative pain after cervical spine surgery is a common problem in clinical 
practice even with the advancement of surgical and anesthetic techniques. Our study aims to evaluate the 
efficacy of 0.25%levobupivacaine with dexmedetomidine versus 0.25% levobupivacaine in cervical cervicis 
block intra operatively after general anaesthesia and assess the pain postoperatively at 0, 6,12 and 24 hrs. 
Materials and Methods: This RCT included 66 patients undergoing cervical spine surgery, allocated into 
Group L (0.25% Levobupivacaine) and Group LD (0.25% Levobupivacaine with 5 mcg Dexmedetomidine). 
Under general anaesthesia (CCeP) blocks was performed at upper and lower cervical levels using ultrasound 
guidance, targeting the hyperechoic interfascial plane between the semispinalis cervicis and semispinalis 
capitis muscles. 
Results: Both groups were comparable in baseline demographics (age, gender, ASA, BMI). Hemodynamic 
and respiratory parameters (HR, SBP, DBP, MAP, SpO₂, EtCO₂) remained stable. Postoperative pain scores 
(NRS) were consistently lower in Group LD at all time intervals (0, 6, 12, 24 hours), demonstrating superior 
analgesic efficacy. 
Conclusions:In our study, it was observed that in patients undergoing cervical spinal surgery the 
combination of dexmedetomidine with 0.25% levobupivacaine for an ultrasound guided cervicis-plane block 
resulted in prolonged duration of post operative analgesia as well as lower and less frequent post-operative 
pain up to 24 hours without accompanying side effects in terms haemodynamic or respiratory. 
Keywords: CCeP; Ultrasound-Guided Regional Anaesthesia; Cervical Spine Surgery; Levobupivacaine; 
Dexmedetomidine; Postoperative Analgesia 
 
Öz 
Amaç: Servikal omurga cerrahisi sonrasında gelişen kalıcı postoperatif ağrı, cerrahi ve anestezi 
tekniklerindeki ilerlemelere rağmen klinik uygulamada yaygın bir sorundur. Bu çalışmada, genel anestezi 
altında intraoperatif olarak uygulanan servikal cervicis plane blokta %0,25 levobupivakain ile %0,25 
levobupivakain + deksmedetomidin kombinasyonunun etkinliğinin değerlendirilmesi ve postoperatif 
ağrının 0., 6., 12. ve 24. saatlerde karşılaştırılması amaçlanmıştır. 
Gereç ve Yöntem: Bu randomize kontrollü çalışmaya (RCT), servikal omurga cerrahisi geçiren toplam 66 
hasta dahil edildi. Hastalar, Grup L (%0,25 levobupivakain) ve Grup LD (%0,25 levobupivakain + 5 µg 
deksmedetomidin) olarak iki gruba ayrıldı. Genel anestezi altında, ultrason rehberliğinde üst ve alt servikal 
seviyelerde, semispinalis cervicis ile semispinalis capitis kasları arasındaki hiperekojenik interfasyal düzlem 
hedeflenerek servikal cervicis plane (CCeP) blok uygulandı. 
Bulgular: Her iki grup yaş, cinsiyet, ASA sınıfı ve vücut kitle indeksi (VKİ) açısından benzerdi. Hemodinamik 
ve solunumsal parametreler (kalp hızı, sistolik kan basıncı, diyastolik kan basıncı, ortalama arter basıncı, 
SpO₂ ve EtCO₂) çalışma boyunca stabil seyretti. Postoperatif ağrı skorları (NRS), tüm değerlendirme 
zamanlarında (0., 6., 12. ve 24. saatler) Grup LD'de Grup L'ye göre daha düşük bulundu ve bu sonuç 
deksmedetomidin eklenmesinin daha üstün analjezik etkinlik sağladığını gösterdi. 
Sonuç: Çalışmamızda, servikal omurga cerrahisi uygulanan hastalarda ultrason rehberliğinde yapılan 
cervicis plane bloğunda %0,25 levobupivakaine deksmedetomidin eklenmesinin, postoperatif analjezi 
süresini uzattığı ve ilk 24 saat boyunca postoperatif ağrı şiddeti ile ağrı görülme sıklığını azalttığı 
gözlenmiştir. Ayrıca bu yaklaşımın hemodinamik veya solunumsal açıdan herhangi bir yan etkiye yol 
açmadığı saptanmıştır. 
Anahtar Kelimeler: CCeP; Ultrason Rehberliğinde Rejyonal Anestezi; Servikal Omurga Cerrahisi; 
Levobupivakain; Deksmedetomidin; Postoperatif Analjezi. 
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         Introduction  

Persistent postoperative pain after cervical spine surgery is a common problem in clinical practice even with the 
advancement of surgical and anesthetic techniques. Adequate post-operative pain relief is key for patient comfort 
and recovery, to facilitate early mobility, and to minimize the physiological stress response (1).  Inadequate 
management of postoperative pain may lead to complications, such as hypertension, tachycardia, respiratory 
depression, extended hospital stays and delayed rehabilitation (2). Traditionally, postoperative analgesia is 
dominated by systemic opioids, NSAIDs and muscle relaxants (3). Pain after posterior cervical surgery is of 
moderate to severe in intensity because of the wide dissection of paraspinal muscles, manipulation of periosteum, 
and irritation of cervical ligaments (4). Nociceptive input arising from this area is predominantly carried by the 
dorsal rami of the cervical spinal nerves supplying the deep paraspinal muscles and overlying skin. Traditional 
regional anaesthesia, such as the superficial and deep cervical plexus blocks, is suboptimal in its capacity to achieve 
pain control of the posterior elements due to divergent regions innervated (ventral rami and anterior neck region). 
(5). 
The introduction of ultrasound (US)-guided interfascial plane blocks has revolutionized the field of regional 
anesthesia by enabling clinicians to place local anesthetics into potential spaces between muscles to produce large 
segmental analgesia with comparatively low invasiveness. One such novel block includes the (CCeP) block, also 
known as Inter-semispinal Plane block (5). Ultrasound-guided performance provides increased safety and accuracy 
with subsequent reduction in risk of vascular or neural injury (5). Conceptually, this CCeP block is similar to the 
thoracic erector spinae plane (ESP) block whichshows excellent effectiveness in providing analgesia for both 
thoracic and lumbar surgeries. 
Levobupivacaine, a long-acting amino-amide local anaesthesia agent, is one of the most commonly used drugs in 
regional anaesthesia due to its extended duration of action and good safety profile. As compared with racemic 
bupivacaine, levobupivacaine has less cardiotoxic and neurotoxic potential, and may therefore be a safer choice for 
interfascial plane blocks which may require large volumes to accomplish (6).  Dexmedetomidine can synergistically 
increase the depth and duration of analgesia when coadministered with levobupivacaine, leading to better 
postoperative results (7). A well designed RCT is need of the hour to determine its analgesic efficacy and its 
duration especially when it is given in combination with long-acting local anesthetic such as levobupivacaine along 
with adjuvants like dexmedetomidine (7). Assessment of pain scores both immediately postoperatively, and 6, 12 
and 24 hours after surgery — would assist in determining the duration of analgesia so as to plan for supplemental 
(rescue) analgesia. Furthermore, evaluating secondary outcomes including the total dose of opioids used, 
haemodynamic stability, levels of sedation and side-effects would also result in a full picture on the clinical benefits 
derived from this technique (7,8). Hence this study is designed to evaluate and compare efficacy of 
0.25%levobupivacaine with dexmedetomidine versus 0.25% levobupivacaine in USG guided cervical cervicis plane 
block intra operatively after general anaesthesia and assess the pain postoperatively at 0, 6,12 and 24 hrs. 
 
Material and Methods 
Prospective randomized clinical trial was conducted in the Department of Anesthesiology between September 2025 
and February 2026, approved by the Institutional Ethics Committee (2025-26/372) A total of 66 adult patients, either 
sex, aged 18–65 years, classified as American Society of Anesthesiologists physical status I or II scheduled for elective 
cervical spine surgery under general anaesthesia were included in the study. 
Patients with motor weakness less than MRC grade 4, signs of myelopathy, history of previous cervical spine 
surgery, pregnancy, uncontrolled hypertension, uncontrolled diabetes mellitus, and significant hepatic or renal 
disorders were excluded from the study. All enrolled patients underwent detailed pre-anaesthetic evaluation 
including thorough history taking, physical examination, airway assessment using Mallampati grading, and 
systemic examination of the respiratory, cardiovascular, central nervous, and vertebral systems.  
During the time in operation theatre, it was ensured that appropriate monitoring was present such as ECG, NIBP, 
and SPO2 readings. Patients were premedicated intravenously with midazolem (0.02 mg/kg), glycopyrrolate (0.008 
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mg/kg) and ondansetron (0.15 mg/kg). Anaesthesia was thereafter induced using atracurium (0.5–0.8 mg/kg), 
followed by continued isoflurane administration in a mixture of oxygen. 
Following induction of general anaesthesia, CCeP was performed using a high-frequency (6–13 MHz) linear probe 
(HFL 38, Sonosite). After careful negative aspiration to avoid intravascular injection, the study drug was 
administered in 5 mL aliquots at four sites—upper and lower cervical levels bilaterally. In Group L, 5 mL of 0.25% 
levobupivacaine was injected at each site, resulting in a total volume of 20 mL. In Group LD, 5 mL of 0.25% 
levobupivacaine combined with 5 µg dexmedetomidine was injected at each site, resulting in a total levobupivacaine 
volume of 20 mL with a total dexmedetomidine dose of 20 µg per patient. 
After surgery, patients were shifted to the PACU for monitoring of vital signs until recovery, and pain was assessed 
using a 0–10 NRS at discharge and at 6 hours. Intravenous paracetamol (1 g) was administered as rescue analgesia 
when needed. 
 
Calculation of sample size 
Sample size estimation was performed using G*Power software (F test – ANOVA: fixed effects, omnibus, one-way). 
Patients were randomly allocated into two equal groups of 33 each: Group L (0.25% levobupivacaine) and Group 
LD (0.25% levobupivacaine with dexmedetomidine). 
 
Ethical approve 
This study was conducted in accordance with the Declaration of Helsinki and institutional ethical guidelines. This 
study was approved by the Institutional Ethics Committee of BLDE (Deemed to be University), Vijayapura, India 
(Date: August 4, 2025; Approval No: BLDE (DU)/IEC-SBMPMC/372/2025-26). Clinical Trial Registration: 
CTRI/2025/09/095399. Written informed consent was obtained from all participants prior to enrollment in the study. 
 
Statistical Analysis 
Data were entered in Microsoft Excel and analysed using SPSS version 26; continuous variables were expressed as 
mean ± SD and categorical variables as frequencies and percentages. ANOVA/Kruskal–Wallis tests were used for 
continuous variables and Chi-square for categorical variables, with p < 0.05 considered statistically significant (two-
tailed). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: CONSORT flow diagram of the study participants 
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Results 
A total of 66 patients were randomized equally into Group L (Levobupivacaine) and Group LD (Levobupivacaine 
with Dexmedetomidine), with 33 patients in each group (Figure 1). Baseline demographic and clinical variables were 
comparable between the two groups (p > 0.05) (Table 1).  Group LD demonstrated significantly prolonged analgesia, 
delayed need for rescue analgesia, and reduced analgesic consumption (p < 0.001) (Table 2).  Oxygen saturation 
remained stable in both groups. Although baseline EtCO₂ showed statistical difference (p=0.02), values were within 
normal physiological range and clinically insignificant (Table 3). No hypotension, bradycardia, nausea, vomiting, 
pruritus, dizziness, hematoma, infection, or allergic reactions were observed in either group. 
 
 Table 1. Demographic data 

Variable Group L (n=33) Group LD (n=33) p 

Age (years) 38.55 ± 13.84 42.36 ± 15.09 0.29 
Gender, (%) 

Male 
Female 

17 (51.5) 
16 (48.5) 

18 (54.5) 
15 (45.5) 

0.81 

ASA Grade, (%) 
I 
II 

14 (42.4) 
19 (57.6) 

11 (33.3) 
22 (66.7) 

0.45 

BMI (kg/m²) 23.75 ± 3 .71 23.95 ± 4.39 0.84 
Duration of surgery (min) 108.34 ± 47.25 93.5 ± 35.98 0.16 

 Abbreviations: ASA (American Society of Anaesthesiologists), BMI – Body Mass Index, Kg – Kilogram. 
 

Table 2. Analgesic Parameters  
Parameters Group L(n=33) Group LD(n=33) p 
Mean duration of analgesia (min) 405.88 ± 62.01 855.56 ± 196.61 <0.001 
Patients requiring rescue analgesia 31 (93.9%) 14 (42.4%) <0.001 
Time to first rescue analgesia (min) 493.88 ± 92.38 984.40 ± 90.21 <0.001 
Rescue doses in 24 hrs 2.8 ± 0.6 1.2 ± 0.5 <0.001 

 
Table 3. Respiratory Parameters  
Parameter Group L(n=33) Group LD(n=33) p 
Baseline SpO₂ (%) 98.99 ± 0.62 98.89 ± 0.58 0.51 
Mean Intraoperative SpO₂ (%) 99.08 ± 0.56 99.08 ± 0.56 >0.05 
Baseline EtCO₂ (mmHg) 37.74 ± 2.33 37.09 ± 2.54 0.02 
Mean Intraoperative EtCO₂ 36.98 ± 1.85 36.98 ± 1.85 >0.05 

 
Postoperative pain scores showed a consistent and significant reduction in Group LD compared to Group L at all 
assessed time intervals from 0 minutes to 24 hours (p < 0.001). Patients receiving levobupivacaine with 
dexmedetomidine experienced lower pain intensity and more sustained analgesia, particularly in the early and 
intermediate postoperative periods. This indicates that the addition of dexmedetomidine significantly enhances the 
quality and duration of postoperative analgesia, thereby improving overall patient comfort and reducing the need 
for rescue analgesics (Table 4). 
Group LD (0.25% Levobupivacaine with Dexmedetomidine) showed consistently lower pain scores than Group L 
(0.25% Levobupivacaine alone), in all study times which suggested better analgesic efficacy along with 
dexmedetomidine. At 0 postoperatively suggesting that postoperative pain at early stage was relieved significantly 
after dexmedetomidine treatment. This difference was further maintained at 6 hours (3.63 ± 0.68 vs 2.27 ± 0.61; p < 
0.001), at 12 hours (3.65 ± 0.65 vs1.96 ± 0·67; p <.0001) and, at the end of the first postoperative day (3·20 ± ·71 v/s,1·75± 
·67: P<.000I) with all comparison demonstrating highly significant lower pain scores in patient who were treated 
with dexmedetomidine. The decreasing trend of NRS scores up to 24 hours in both groups suggest effective 
analgesia, but the consistently low NRS score profiles for Group LD imply that dexmedetomidine substantially 
prolongs and intensifies the depth of analgesia as an adjunct with levobupivacaine (Table 4). 
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Table 4. Postoperative Pain Scores VAS and NRS Scores 

Time Point VAS – Group L 
(n=33) 

VAS – Group LD 
(n=33) 

NRS – Group L 
(n=33) 

NRS – Group LD 
(n=33) 

p 

0 hour 4.5 ± 0.8 2.8 ± 0.7 4.32 ± 0.74 2.57 ± 0.71 <0.001 
1 hour 3.9 ± 0.6 2.2 ± 0.6 – – <0.001 
4 hours 3.7 ± 0.7 2.0 ± 0.6 – – <0.001 
6 hours – – 3.63 ± 0.68 2.27 ± 0.61 <0.001 
8 hours 3.6 ± 0.6 1.9 ± 0.6 – – <0.001 
12 hours – – 3.65 ± 0.65 1.96 ± 0.67 <0.001 
24 hours 3.2 ± 0.7 1.7 ± 0.6 3.20 ± 0.71 1.75 ± 0.67 <0.001 

Abbreviations: VAS-Visual Analog Scale, NRS-Numerical Rating Scale, 

Heart rate trends were comparable between groups throughout perioperative monitoring, with slightly lower values 
in Group LD and no clinically significant difference (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          
Figure 2: Mean Heart Rate 

Systolic blood pressure remained stable and similar in both groups, showing only mild transient peri-
intubation/extubation changes without significant intergroup variation. Diastolic blood pressure showed no 
meaningful difference between groups, remaining within a comparable and stable range across time points. Mean 
arterial pressure was maintained consistently in both groups, indicating comparable hemodynamic stability with a 
modest non-significant lowering trend in Group LD (Figure 3). 

 

 

 

 

 

 

 

 
 
 
 

Figure 3: Mean MAP 
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Figure 1: CONSORT flow diagram of the study participants 
 
Discussion 
This study demonstrates that the addition of dexmedetomidine to 0.25% levobupivacaine for CCeP significantly 
improves postoperative analgesia. Surgery time was similar in both groups, but those who received 
dexmedetomidine had significantly longer analgesia duration with a delay of first rescue analgesic requirement. 
Moreover, as the number of rescue analgesic doses in the first 24 hours was also significantly smaller, both an 
extension of analgesic effect and a clear opioid-sparing effect with respect to perineural dexmedetomidine were 
observed. 
These findings concordant with previous studies. For example, Singh et al. observed dexmedetomidine with 
levobupivacaine shortened the onset time and prolonged analgesic effect in supraclavicular brachial plexus block 
(9). Likewise, Kaygusuz et al. also showed significantly prolong in analgesia duration (10). 
Our findings are in agreement with recent evidence showing that dexmedetomidine prolongs analgesia and 
improves block characteristics when combined with levobupivacaine. In 2022 Ghazaly et al (11). found that adding 
50 μg or 100 μg dexmedetomidine prolong sensory block, with the higher dose producing the longest duration of 
block and analgesia. Similarly, a 2024 randomized double-blind study by Romi et al (12). in transversus abdominis 
plane block for abdominal hysterectomy showed that dexmedetomidine added to 0.25% levobupivacaine enhanced 
postoperative pain relief compared with levobupivacaine alone. Taken together with our results, these data support 
the consistency of dexmedetomidine’s analgesia-prolonging effect across different fascial plane and peripheral nerve 
block techniques (10). 
The improved postoperative pain profile in our study is also reflected in the significantly lower NRS/VAS scores in 
Group LD across all measured postoperative time points. Chen et al. (2023) concludes that dexmedetomidine as an 
adjuvant for peripheral nerve blocks accelerates onset (13). This pattern is biologically plausible and is supported by 
higher-level evidence. A 2023 meta-analysis by Feng et al (14). concluded that perineural dexmedetomidine, 
compared with intravenous dexmedetomidine, was associated with longer analgesia, longer sensory block, shorter 
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motor block onset, and reduced 24-hour analgesic consumption (14). Likewise, the 2021 systematic review by 
Hussain et al(15). found that perineural dexmedetomidine was associated with longer sensory and motor blockade 
and faster onset than intravenous administration. These pooled findings mirror our observation that Group LD 
showed a faster onset of motor block, a longer duration of analgesia, and less need for rescue analgesia. 
A broader 2023 network meta-analysis by Schubert et al (16). examined adjuvants used in single-injection upper-
extremity peripheral nerve blocks and confirmed that adjuvants materially influence the duration of postoperative 
analgesia, highlighting dexmedetomidine as one of the important agents in this setting. Although that analysis was 
not specific to cervical spine surgery, it strengthens the general interpretation that the analgesic superiority seen in 
our dexmedetomidine group is not an isolated finding, but part of a wider and increasingly reproducible regional 
anaesthesia trend (16). 
From the perspective of cervical spine surgery, our findings are especially relevant because pain after these 
procedures can be considerable and can delay mobilization, increase opioid exposure, and worsen recovery quality. 
Recent cervical-spine-specific trials support the growing role of fascial plane blocks in this population. In a 
randomized controlled study in posterior cervical spine surgery, Kanna et al (17). reported that ESPB provided better 
postoperative-analgesia, lower intraoperative opioid requirement, reduced blood loss, and earlier mobilization 
compared with standard multimodal analgesia alone. In another randomized trial in anterior cervical spine surgery, 
Kamel et al (18). showed that cervical ESP block resulted in a longer time to first rescue analgesia and lower 
postoperative nalbuphine consumption than intermediate cervical plexus block, although the cervical plexus block 
had faster performance and onset times. These studies support the concept that regional interfascial plane techniques 
in the cervical region are clinically useful, and our results extend that concept by showing that the addition of 
dexmedetomidine can further enhance the duration and quality of postoperative analgesia. 
Although our study evaluated a cervical cervicis plane block rather than a cervical ESP block, the anatomical 
rationale is related. Both techniques aim to exploit continuous cervical fascial planes and influence the dorsal rami 
and posterior cervical soft tissues, which are major contributors to postoperative pain after cervical spine exposure. 
Therefore, the positive outcomes observed in ESPB trials are relevant to interpreting our findings. The present study 
suggests that the cervical cervicis plane may likewise serve as an effective analgesic target, and that levobupivacaine 
with dexmedetomidine can improve the depth and duration of its effect (14). 
Motor block onset was not formally assessed in the present study. The cited meta-analyses (Feng et al., 2023; Hussain 
et al., 2021) report faster motor block onset with perineural dexmedetomidine in peripheral nerve block literature; 
however, this was not a measured endpoint in our study and no such claim is made (14,15).  A faster onset may 
improve workflow efficiency and facilitate more predictable perioperative regional analgesia. At the same time, the 
marked prolongation of sensory block and postoperative analgesia in Group LD is highly advantageous in cervical 
spine procedures, where pain often persists well into the first postoperative day. 
The hemodynamic and respiratory safety profile observed in our study is also noteworthy. Hemodynamic profile 
and intraoperative EtCO₂ remained broadly comparable between groups, and no clinically meaningful bradycardia, 
hypotension, desaturation, or respiratory depression was observed. This is in line with recent literature. In a 2023 
prospective study Skrtic et al (19). found that adding 50 μg dexmedetomidine did not have any adverse effects, while 
improving postoperative analgesia quality. That cervical-region finding is particularly relevant to our work, because 
it suggests that dexmedetomidine can be used safely as an adjuvant in neck blocks when appropriate monitoring is 
maintained. Kaur et al. (2015) reported that the dexmedetomidine addition to different levels of levobupivacaine 
provided a haemodynamically stable condition in supraclavicular block (20). 
The absence of adverse events in our study also aligns with the broader literature on spine surgery fascial plane 
blocks. A 2023 meta-analysis by Fu et al (21). concluded that ESPB in spinal surgery improved postoperative pain 
control, reduced perioperative opioid consumption, and decreased opioid-related adverse reactions. Although that 
analysis focused primarily on lumbar procedures, it reinforces the general safety and utility of fascial plane blocks 
in spine surgery. More recent meta-analyses in 2023 and 2024 have similarly reported that bilateral ESPB is associated 
with improved analgesia and reduced opioid requirements in spinal surgery without a major increase in 
complications (22). 
Mechanistically, the beneficial effect of dexmedetomidine is likely multifactorial. As an α2-adrenergic agonist, 
dexmedetomidine may prolong local anaesthetic action by causing local vasoconstriction, reducing vascular uptake 
of levobupivacaine, and exerting direct inhibitory effects on nerve conduction. It may also enhance analgesia 
through central sympatholytic and antinociceptive actions. The consistent signal across randomized trials and meta-
analyses that dexmedetomidine improves block duration and postoperative analgesia supports this mechanistic 
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explanation (14,15). In the setting of a cervical fascial plane block, where local anaesthetic spread through tissue 
planes is crucial, any factor that prolongs local residence time and augments neural modulation may be especially 
valuable. 
The current study therefore adds to the recent literature in two important ways. First, it supports the expanding role 
of ultrasound-guided cervical regional blocks in postoperative pain management for cervical spine surgery. Second, 
it provides further evidence that dexmedetomidine is an effective adjuvant to levobupivacaine in this context, 
improving analgesic duration and reducing rescue analgesic requirements without compromising safety. In practical 
terms, this may translate into better patient comfort, reduced opioid consumption, and potentially smoother early 
postoperative recovery. 
 
Study limitations 
The pain outcomes beyond 24 hrs were not studied. The sample size, although adequately powered for the primary 
block/analgesia endpoints, may not detect rare complications. We also employed a single-shot block; it is unknown 
whether catheter techniques, or alternative adjuvant dosing might provide additional utility in our population. 
Further, the ideal dose of dexmedetomidine applied in the Cervicis-plane or cervical ESP remains unknown–
Ghazaly et al. (2022) demonstrated a dose-response in infraclavicular blocks and possibility of further optimisation. 
91 There is potential for future randomized trials to compare two different doses of dexmedetomidine (E.g., 50 μg 
vs 100 μg) in cervical spine surgery blocks and study opioid usage, functional recovery, time spent in the hospital 
and chronic pain. 

 
Conclusion 
In our study it was observed that in patients receiving cervical spinal surgery the combination of dexmedetomidine 
with 0.25% levobupivacaine for an ultrasound guided cervicis-plane block resulted prolonged duration of analgesia 
as well as less frequent post-operative pain up to 24 hours without accompanying side effects in term haemodynamic 
or respiratory. Our findings add to and extend existing peripheral nerve block adjuvant, regional analgesia for spine 
surgery literature. For cervical spine operation, implementing a strategy of fascial-plane block plus levobupivacaine 
combined with dexmedetomidine may be an effective method in relieving early postoperative pain with better 
mobilization and potentially reducing opioid demand. Larger multisite trials with functional recovery as an end 
point are warranted. 
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Abstract 
Hyperacute stent thrombosis is a rare yet life-threatening complication that may develop within minutes 
after percutaneous coronary intervention (PCI) in patients presenting with ST-segment elevation 
myocardial infarction (STEMI). Despite optimal stent deployment and dual antiplatelet therapy, 
hyperacute stent thrombosis may occur due to procedural, pharmacological and patient-related factors, 
including underlying genetic and metabolic abnormalities. A 54-year-old man presented with acute 
anterior STEMI. Coronary angiography demonstrated total occlusion of the proximal left anterior 
descending artery and successful primary PCI with stent implantation restored coronary blood flow. 
Fifteen minutes after the procedure, the patient developed ventricular fibrillation accompanied by 
vomiting, raising concern for impaired absorption of orally administered antiplatelet therapy. Emergent 
repeat coronary angiography revealed hyperacute stent thrombosis, which was managed with balloon 
angioplasty and intracoronary tirofiban administration. During follow-up, recurrent hyperacute stent 
thrombosis developed, requiring additional stent implantation and continuous glycoprotein IIb/IIIa 
inhibitor infusion. Further laboratory evaluation excluded hereditary thrombophilia and autoimmune 
disorders; however, severe hyperhomocysteinemia associated with a homozygous 
methylenetetrahydrofolate reductase (MTHFR) C677T mutation was identified. Subsequently, B-vitamin 
supplementation therapy was initiated. This case highlights the multifactorial pathophysiology of 
hyperacute stent thrombosis and underscores the potential contributory role of MTHFR-associated 
hyperhomocysteinemia. Early recognition of underlying metabolic abnormalities and prompt initiation of 
B-vitamin therapy may help reduce the risk of recurrent thrombotic events.  
Keywords: STEMI, stent thrombosis, hyperhomocysteinemia, MTHFR mutation, thrombophilia, B-vitamin 
therapy 
Öz 
Hiperakut stent trombozu, ST-segment elevasyonlu miyokard enfarktüsü (STEMI) ile başvuran hastalarda 
perkütan koroner girişim (PKG) sonrasında dakikalar içerisinde gelişebilen, nadir ancak yaşamı tehdit 
eden bir komplikasyondur. Optimal stent implantasyonu ve çift antiplatelet tedaviye rağmen, prosedürel, 
farmakolojik ve hastaya ait faktörlerin yanı sıra genetik ve metabolik bozukluklara bağlı olarak ortaya 
çıkabilmektedir. Elli dört yaşındaki erkek hasta akut anterior STEMI tanısıyla başvurdu. Koroner 
anjiyografide sol ön inen arterin proksimal segmentinde total oklüzyon saptandı ve başarılı primer PKG 
ile stent implantasyonu sonrası koroner kan akımı yeniden sağlandı. İşlemden yaklaşık 15 dakika sonra 
hastada ventriküler fibrilasyon ve kusma gelişti; bu durum oral antiplatelet tedavinin emiliminde bozulma 
olabileceğini düşündürdü. Yapılan acil kontrol koroner anjiyografide hiperakut stent trombozu saptandı 
ve hasta balon anjiyoplasti ile intrakoroner tirofiban uygulamasıyla tedavi edildi. Klinik takip sırasında 
tekrarlayan hiperakut stent trombozu gelişmesi üzerine ek stent implantasyonu ve sürekli glikoprotein 
IIb/IIIa inhibitörü infüzyonu uygulandı. İleri laboratuvar incelemelerinde herediter trombofili ve 
otoimmün hastalıklar dışlandı; ancak homozigot metilentetrahidrofolat redüktaz (MTHFR) C677T 
mutasyonu ile ilişkili ağır hiperhomosisteinemi tespit edildi. Bunun üzerine hastaya B vitamini replasman 
tedavisi başlandı.Bu olgu, hiperakut stent trombozunun multifaktöriyel patofizyolojisini vurgulamakta ve 
MTHFR ilişkili hiperhomosisteineminin olası katkıda bulunan rolüne dikkat çekmektedir. Altta yatan 
metabolik bozuklukların erken dönemde tanınması ve B vitamini tedavisinin başlanması, rekürren 
trombotik olayların azaltılmasına katkı sağlayabilir. 
Anahtar Kelimeler: STEMI, stent trombozu, hiperhomosisteinemi, MTHFR mutasyonu, trombofili, B 
vitamini tedavisi 
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         Introduction  

Primary percutaneous coronary intervention (PCI) is the preferred reperfusion strategy for patients presenting with 
ST-segment elevation myocardial infarction (STEMI). Advances in drug-eluting stent (DES) technology and the 
widespread use of potent dual antiplatelet therapy have substantially reduced the incidence of stent thrombosis 
(1,2). Nevertheless, stent thrombosis remains a serious and potentially fatal complication because of its strong 
association with recurrent myocardial infarction, cardiogenic shock and sudden cardiac death (1). Stent thrombosis 
is classified according to the timing of occurrence after stent implantation as acute (<24 hours), subacute (1–30 
days), late (1 month–1 year) and very late (>1 year). Hyperacute stent thrombosis, which develops within minutes 
after stent deployment, is exceedingly rare and may result in catastrophic clinical outcomes. The pathogenesis of 
early stent thrombosis is generally multifactorial and involves procedural, pharmacological and patient-related 
factors. Procedural contributors include stent underexpansion, edge dissection, malapposition and high thrombus 
burden. Pharmacological factors include delayed absorption or inadequate platelet inhibition with oral P2Y12 
inhibitors, particularly in the setting of vomiting, impaired gastrointestinal perfusion or opioid administration (2,3). 
Patient-related factors include inherited thrombophilia and metabolic disorders such as hyperhomocysteinemia. 
Hyperhomocysteinemia has been associated with endothelial dysfunction, oxidative stress, enhanced platelet 
activation and impaired fibrinolysis (4-6). Genetic polymorphisms affecting homocysteine metabolism, particularly 
mutations in the methylenetetrahydrofolate reductase (MTHFR) gene, may lead to elevated plasma homocysteine 
levels and increased susceptibility to arterial thrombosis (5). Supplementation with B vitamins, including folic acid 
has been shown to effectively reduce plasma homocysteine concentrations and may contribute to lowering 
thrombotic risk in selected high-risk patients (7). Herein, we present a rare case of recurrent hyperacute stent 
thrombosis in a patient with severe hyperhomocysteinemia associated with a homozygous MTHFR C677T 
mutation, highlighting the potential role of B-vitamin therapy as part of the management strategy. 
 
Case Report  
A 54-year-old man presented to the emergency department with a one-hour history of acute chest pain. Written 
informed consent was obtained from the patient for publication of this case report and the accompanying images. 
Artificial intelligence tools were used solely for language refinement and editorial assistance; all scientific content, 
clinical data and interpretations were generated and verified by the authors. The patient had no prior history of 
coronary artery disease, diabetes mellitus, previous ischemic events, smoking or substance abuse. 
Electrocardiography demonstrated ST-segment elevation in the anterior leads, consistent with acute anterior STEMI. 
Prior to coronary angiography, the patient received 300 mg aspirin and 5000 IU intravenous unfractionated heparin. 
Transthoracic echocardiography revealed a left ventricular ejection fraction of 40%, anterior wall and apical 
hypokinesia, mild mitral regurgitation and no evidence of pericardial effusion. Emergency coronary angiography 
performed via femoral access demonstrated total occlusion of the proximal left anterior descending (LAD) artery 
(Figure 1).  
An additional 5000 IU intracoronary unfractionated heparin was administered during the procedure. Following 
predilatation with a 2.5×12 mm balloon catheter, a 3.0×26 mm DES was successfully implanted, restoring TIMI-2 
coronary flow (Figure 2). 
 

Highlights   
• Recurrent hyperacute stent thrombosis may indicate an underlying metabolic disorder. 
• Severe hyperhomocysteinemia associated with homozygous MTHFR C677T mutation was identified. 
• İntensified antithrombotic and B-vitamin therapy resulted in a favorable clinical outcome. 
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Figure 1. Coronary angiography demonstrating total occlusion of the proximal segment of the LAD artery prior 

to intervention. 
 

 
Figure 2. Post-balloon predilatation and DES implantation angiography showing restoration of coronary 

perfusion in the LAD artery with TIMI-2 flow. 
 
An 80% stenotic lesion in the intermediate coronary artery was identified and scheduled for elective PCI. Following 
the procedure, a 180 mg loading dose of ticagrelor was administered. Approximately 15 minutes later, the patient 
developed ventricular fibrillation requiring immediate defibrillation, followed by vomiting, raising concern for 
impaired gastrointestinal absorption of oral antiplatelet therapy. Therefore, a second 180 mg loading dose of 
ticagrelor was administered. Urgent repeat coronary angiography revealed hyperacute stent thrombosis in the LAD 
artery. Management included additional unfractionated heparin administration, balloon angioplasty, high-pressure 
balloon dilatation and 10 mg intracoronary tirofiban administration (Figure 3). 
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Figure 3. Emergent repeat angiography performed after development of hyperacute stent thrombosis, during 

which balloon angioplasty was performed under intracoronary tirofiban administration, followed by the post-
procedural angiographic image. 

 
Despite these interventions, recurrent stent thrombosis developed approximately 30 minutes later (Figure 4), 
necessitating implantation of an additional 3.0×29 mm DES, followed by high-pressure post-dilatation and 
administration of 5 mg intracoronary tirofiban with subsequent 12-hour intravenous infusion. Final angiography 
demonstrated optimal stent expansion and apposition with restoration of TIMI-3 coronary flow (Figure 5). 

 
Figure 4. Angiographic image demonstrating recurrent hyperacute stent thrombosis in the LAD artery despite 

interventional and pharmacological therapies. 
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Figure 5. Final angiography demonstrated additional stent implantation with high-pressure post-dilatation, 

achieving optimal stent expansion and TIMI-3 flow restoration in the LAD artery following intensified 
antithrombotic therapy. 

 
Dual antiplatelet therapy was intensified with prasugrel (60 mg loading dose followed by 10 mg daily) in 
combination with aspirin (100 mg daily). Given the occurrence of recurrent hyperacute stent thrombosis, an 
extensive diagnostic evaluation was performed to investigate potential underlying prothrombotic conditions. 
Laboratory testing revealed a normal platelet count and no evidence of major inherited or acquired thrombophilia, 
including normal antithrombin III, protein C and protein S levels. Coagulation parameters were within normal 
limits. Autoimmune screening, including antinuclear antibody testing, was negative. However, severe 
hyperhomocysteinemia (29.6 µmol/L) was detected and genetic analysis identified a homozygous MTHFR C677T 
mutation. Serum vitamin B12 levels were within the low-normal range, while serum folate levels were at the lower 
limit of normal. All laboratory findings are summarized in (Table 1).  
 
Table 1. Laboratory Parameters of the Patient 

Parameter Result Reference Range 
Platelet Count 272 × 10⁹/L 142–424 × 10⁹/L 

Antithrombin III 86% 79.4–112.1% 
Protein C 84.2% 70–140.1% 
Protein S 76.6% 60–130.1% 

PT 12 s 11–15 s 
INR 1.02 0.9–1.2 
aPTT 20.1 s 25–35 s 

Fibrinogen 314 mg/dL 200–400 mg/dL 
Homocysteine 29.6 µmol/L <15 µmol/L 

ANA Negative Negative 
MTHFR Genetic Testing Homozygous C677T Mutation N/A 

Vitamin B12 226 ng/L 200–900 ng/L 
 

Serum Folate Level 3.9 ng/mL 3.1-20.5 ng/mL 
Abbreviations: PT. Prothrombin Time; INR. International Normalized Ratio; aPTT. Activated Partial Thromboplastin Time; ANA. Antinuclear 
Antibody. 
 
Although no major inherited or autoimmune prothrombotic disorder was identified, the presence of severe 
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hyperhomocysteinemia prompted initiation of oral B-vitamin supplementation consisting of folic acid (5 mg/day), 
vitamin B12 (1 mg/day) and vitamin B6 (50 mg/day) in order to reduce plasma homocysteine levels and potentially 
decrease the risk of future thrombotic events. At 6-month follow-up, under ongoing dual antiplatelet therapy and 
B-vitamin therapy, no recurrent stent thrombosis or ischemic events occurred and left ventricular systolic function 
showed marked improvement compared with the index hospitalization. 
 
Discussion 
Hyperacute stent thrombosis represents one of the most catastrophic complications of PCI, typically occurring 
within minutes after stent deployment and frequently resulting in malignant arrhythmias, hemodynamic collapse 
or sudden cardiac death (8). Although its incidence has substantially decreased with the introduction of 
contemporary DES and potent P2Y12 inhibitors, its occurrence generally reflects the interplay of multiple 
procedural, pharmacological and patient-related risk factors rather than a single isolated mechanism. In the present 
case, three major contributors appear to have synergistically precipitated recurrent hyperacute stent thrombosis. 
First, the high thrombus burden frequently encountered in STEMI culprit lesions likely played a central role (1). 
Residual thrombotic material may persist despite both mechanical and pharmacological interventions, thereby 
predisposing patients to acute thrombotic occlusion. Previous studies have demonstrated that large thrombus 
burden is independently associated with early stent thrombosis and adverse clinical outcomes. Although thrombus 
aspiration was intentionally avoided because of concerns regarding distal embolization, the persistent 
prothrombotic milieu may have contributed to rapid re-occlusion. Second, procedural factors cannot be completely 
excluded. Suboptimal stent expansion, malapposition and edge dissection are well-recognized triggers of early stent 
thrombosis (1,8). In the present case, repeated high-pressure balloon dilatations were required, suggesting that initial 
stent optimization may have been insufficient in the setting of a highly thrombotic lesion. This observation 
underscores the importance of meticulous lesion preparation and whenever available, the use of intravascular 
imaging modalities such as intravascular ultrasound (IVUS) or optical coherence tomography (OCT) to ensure 
adequate stent expansion and apposition. İntravascular imaging was not performed due to the emergent and 
hemodynamically unstable clinical condition of the patient during primary PCI, as the priority was immediate 
revascularization and hemodynamic stabilization. However, repeated coronary angiographic evaluations during the 
index procedure and subsequent interventions did not demonstrate any findings suggestive of stent fracture, edge 
dissection or stent malapposition. There was no angiographic evidence of loss of stent integrity, contrast staining or 
flow-limiting edge pathology and final angiographic runs consistently showed satisfactory stent expansion with 
restoration of TIMI-3 flow. Nevertheless, we acknowledge that subtle mechanical abnormalities cannot be 
completely excluded in the absence of intravascular imaging, which remains a limitation of this case. Third, 
pharmacological failure related to impaired oral antiplatelet absorption likely played a pivotal role (2,3). The 
development of vomiting shortly after ticagrelor loading strongly suggests reduced gastrointestinal absorption and 
delayed platelet inhibition. Several studies have shown that vomiting, opioid administration and impaired 
splanchnic perfusion in STEMI may significantly reduce the bioavailability and delay the onset of action of oral 
P2Y12 inhibitors. Consequently, a transient period of insufficient platelet inhibition may emerge during which acute 
stent thrombosis can occur. In such high-risk clinical settings, intravenous antiplatelet agents may provide effective 
bridging therapy until reliable oral drug absorption is achieved. Importantly, this case also emphasizes the 
contribution of metabolic and genetic prothrombotic factors. Severe hyperhomocysteinemia associated with a 
homozygous MTHFR C677T mutation likely amplified the patient’s thrombotic susceptibility (4,5,8,9). 
Homocysteine exerts multiple deleterious vascular effects, including endothelial dysfunction, increased oxidative 
stress, enhanced platelet activation and impaired endogenous fibrinolysis. These mechanisms may synergistically 
interact with local procedural and pharmacological factors, thereby lowering the threshold for thrombus formation 
despite aggressive antithrombotic therapy. Although the clinical significance of MTHFR polymorphisms remains 
controversial, their contribution to arterial thrombosis appears to become more relevant in the presence of markedly 
elevated homocysteine levels (5,8). In the present patient, the absence of other major inherited or autoimmune 
thrombophilic disorders further supports the potential contributory role of hyperhomocysteinemia. From a 
therapeutic perspective, B-vitamin supplementation consisting of folic acid, vitamin B12 and vitamin B6 remains the 
cornerstone of homocysteine-lowering therapy (7). Although large randomized trials have demonstrated neutral 
effects on major cardiovascular outcomes in unselected patient populations, these findings should not discourage 
treatment in patients with severe hyperhomocysteinemia, in whom substantial biochemical reduction may translate 
into meaningful clinical benefit, particularly in the setting of recurrent thrombotic events. In this context, 
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individualized treatment strategies guided by metabolic profiling may be more appropriate than a uniform 
therapeutic approach. 
This case highlights several important clinical implications. First, early recognition of hyperacute stent thrombosis 
and immediate repeat revascularization are critical for patient survival. Second, clinicians should maintain a high 
index of suspicion for impaired oral antiplatelet absorption in STEMI patients presenting with vomiting or 
hemodynamic instability. Third, evaluation for underlying metabolic and genetic prothrombotic conditions should 
be considered in patients with unexplained or recurrent early stent thrombosis (8,9). 
 
Study limitations   
This report has several inherent limitations. First, IVUS or OCT was not performed because of the patient’s emergent 
presentation and hemodynamic instability during primary PCI, as immediate revascularization and stabilization 
were prioritized. Although serial angiographic evaluations showed no evidence of stent fracture, edge dissection, or 
malapposition, subtle mechanical abnormalities cannot be completely excluded. Second, a definitive causal 
relationship between severe hyperhomocysteinemia associated with homozygous MTHFR C677T mutation and 
recurrent hyperacute stent thrombosis cannot be established. However, the markedly elevated homocysteine levels, 
absence of other major thrombophilic disorders, and favorable response to homocysteine-lowering therapy suggest 
a potential contributory role. Third, platelet function testing and ticagrelor pharmacokinetic assessment were 
unavailable; therefore, impaired oral antiplatelet absorption was inferred from the clinical context, including 
vomiting shortly after drug administration and subsequent recurrence of stent thrombosis.  
Conclusion 
Recurrent hyperacute stent thrombosis following PCI for STEMI is a rare but potentially catastrophic complication. 
This case highlights the multifactorial pathophysiology of early stent thrombosis and underscores the potential 
contributory role of severe hyperhomocysteinemia associated with a MTHFR mutation. The initiation of B-vitamin 
supplementation represented a targeted therapeutic strategy aimed at reducing plasma homocysteine levels and 
potentially mitigating future thrombotic risk. Early recognition of underlying metabolic and genetic prothrombotic 
conditions may facilitate individualized antithrombotic management and improve clinical outcomes in high-risk 
patients.                                                  
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Abstract 
Background: Congenital anomalies affect approximately 3-5% of live births and are leading causes of 
perinatal mortality and long-term morbidity. Dysmorphic findings often provide the earliest clinical clues 
to underlying genetic, chromosomal, or syndromic disorders. This review aims to present a contemporary, 
evidence-based framework for the evaluation of infants with dysmorphic features, integrating clinical 
assessment, genetic testing, artificial intelligence tools, and genetic counseling. 
Materials and Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Web 
of Science databases for articles published between 2015 and 2026 using keywords: "dysmorphic features," 
"congenital anomalies," "newborn," "genetic testing," "CMA," "WES," "WGS," "Face2Gene," and "genetic 
counseling." Priority was given to systematic reviews, meta-analyses, clinical guidelines, and original 
research from the last five years. Case series with fewer than 5 patients were excluded. A total of 27 key 
references were selected for inclusion.  
Results: The initial approach to a dysmorphic newborn involves a five-step protocol: stabilization, anomaly 
screening, detailed history, phenotyping, and stepwise testing. Chromosomal microarray analysis (CMA) 
is recommended as the first-tier test, with a diagnostic yield of 12-15%. Whole-exome sequencing (WES) 
adds 20-60% diagnostic yield in CMA-negative cases, and whole-genome sequencing (WGS) is emerging 
as a comprehensive option. Artificial intelligence tools such as Face2Gene assist in syndrome recognition, 
with Top-3 accuracy of 77% in diverse populations. Genetic counseling must be provided pre- and post-
test, addressing recurrence risks (de novo 1-2% due to gonadal mosaicism, autosomal dominant 50%, 
autosomal recessive 25%, X-linked variable) and variants of uncertain significance (VUS). Reanalysis of 
negative or VUS results is recommended every 12-24 months, initiated by the clinical geneticist in 
coordination with the testing laboratory. In populations with high consanguinity, recessive disorders 
require special attention. 
Conclusions: A structured approach combining meticulous phenotyping, early genomic testing, and 
family-centered genetic counseling significantly improves diagnostic yield and clinical outcomes. CMA 
remains the first-tier test, followed by trio WES/WGS as needed. AI-assisted facial analysis is a supportive 
tool, not a replacement for clinical expertise. Newborn genomic screening holds promise but requires 
careful ethical consideration. 
 Keywords: Congenital anomalies, dysmorphology, chromosomal microarray, whole-exome sequencing, 
whole-genome sequencing, Face2Gene, genetic counseling, newborn, consanguinity 
Öz 
Amaç: Konjenital anomaliler canlı doğumların %3-5'ini etkiler. Dismorfik bulgular, altta yatan genetik sendromların 
erken belirteçleridir. Bu derleme, dismorfik bebeğe güncel, kanıta dayalı yaklaşımı sunmayı amaçlamaktadır. 
Değerlendirme protokolü stabilizasyon, anomali taraması, detaylı öykü, fenotipleme ve basamaklı test planını içerir. 
Etik konular ve yenidoğan genomik taramasının zorlukları da tartışılmaktadır. 
Gereç ve Yöntem: PubMed, Scopus ve Web of Science'da 2015-2026 arası yayınlar taranmış; sistematik derlemeler, 
meta-analizler, kılavuzlar ve özgün araştırmalar seçilmiştir. Beşten az hasta içeren olgu serileri dışlanmıştır. 
Bulgular: Beş adımlı protokol (stabilizasyon, anomali taraması, öykü, fenotipleme, test) önerilir. Kromozomal 
mikrodizin analizi (CMA) ilk basamak testtir (%12-15 tanı). Tüm ekzom dizilimi (WES) CMA negatif olgularda %20-
60 ek tanı sağlar. Yapay zekâ aracı Face2Gene Top-3 doğruluk %77'dir. Genetik danışmanlık test öncesi ve sonrası 
verilmeli, anlamı belirsiz varyantlar (VUS) ve yineleme riskleri açıklanmalıdır. De novo mutasyonlarda yineleme riski 
gonadal mozaisizm nedeniyle %1-2'dir. Akraba evliliği sık toplumlarda resesif hastalıklar önceliklidir. Negatif veya 
VUS sonuçlarının yeniden analizi 12-24 ayda bir yapılmalıdır.  
Sonuç: Dikkatli fenotipleme, erken genomik testler ve aile merkezli danışmanlık tanısal başarıyı artırır. CMA ilk 
basamaktır; trio WES/WGS gerektiğinde eklenir. Yapay zekâ yardımcı araçtır. 
 Anahtar Kelimeler: Konjenital anomali, dismorfoloji, kromozomal mikrodizin, tüm ekzom dizilimi, tüm genom 
dizilimi, Face2Gene, genetik danışmanlık, yenidoğan, akraba evliliği 
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         Introduction  

Congenital anomalies are structural, functional, or biochemical abnormalities present at birth, affecting 
approximately 3-5% of live births worldwide (1-3). They are among the leading causes of perinatal mortality and 
long-term disability. Dysmorphic features---unusual facial or body morphology---are often the first clinical clues 
to an underlying genetic, chromosomal, or syndromic condition (2, 4). 
The World Health Organization (WHO) estimates that about 6% of newborns worldwide have a congenital 
anomaly, resulting in nearly 295,000 neonatal deaths annually (4). In the United States, major birth defects occur in 
approximately 1 in 33 births (5). In countries with high consanguinity rates such as Turkey, the prevalence of 
autosomal recessive disorders is notably higher, although a national surveillance system is lacking. 
The goal of evaluating a dysmorphic infant extends beyond merely assigning a diagnostic label. It aims to: (1) 
correctly describe the phenotype, (2) identify life-threatening comorbidities, (3) select appropriate genetic tests in 
a timely manner, (4) interpret results in clinical context, and (5) provide meaningful, realistic, and compassionate 
counseling to the family (6-8). This review synthesizes current evidence on the approach to dysmorphic infants, 
covering epidemiology, basic concepts, bedside evaluation, systematic dysmorphology examination, phenotyping, 
genetic testing, artificial intelligence tools, genetic counseling, and ethical issues. 
 
Material and Methods 
A systematic literature search was performed in PubMed, Scopus, and Web of Science databases for articles 
published between January 2015 and June 2026. The following search terms were used in various combinations: 
"dysmorphic features," "congenital anomalies," "newborn," "infant," "genetic testing," "chromosomal microarray," 
"CMA," "whole-exome sequencing," "WES," "whole-genome sequencing," "WGS," "Face2Gene," "genetic counseling," 
"recurrence risk," "consanguinity," and "newborn screening." 
Inclusion criteria were: (1) systematic reviews, meta-analyses, clinical practice guidelines, and original research 
studies; (2) articles published in English or with English abstracts; (3) studies focusing on diagnostic approaches, 
genetic testing strategies, or counseling in dysmorphic infants. Exclusion criteria were: (1) case reports or case series 
with fewer than 5 patients; (2) non-peer-reviewed articles; (3) studies focused exclusively on prenatal diagnosis 
without postnatal correlation. 
A total of 1,247 articles were initially identified. After removing duplicates and screening titles/abstracts, 112 full-
text articles were assessed. Finally, 27 key references were selected for inclusion based on relevance and quality. 
Data were extracted on diagnostic yields, test performance, clinical algorithms, and counseling principles.  
 
Epidemiological and Clinical Impact 
Congenital anomalies are a leading cause of infant mortality worldwide. A US population-based study (2016-2020) 
reported a prevalence of approximately 300 major birth defects per 10,000 live births (9). The most common 
categories include congenital heart disease, neural tube defects, orofacial clefts, and limb anomalies. 
The clinical importance of dysmorphic phenotype extends beyond appearance. For example, conotruncal heart 
defects combined with low-set ears, micrognathia, or bifid uvula should prompt testing for 22q11.2 deletion. 
Similarly, macroglossia with omphalocele suggests Beckwith-Wiedemann syndrome; hypotonia with almond-
shaped eyes indicates Prader-Willi syndrome; and midface retrusion with epicanthal folds suggests Down syndrome 
(2, 10). Each additional dysmorphic feature increases the likelihood of an underlying genetic diagnosis. In infants 
with congenital heart disease, each 1-point increase in dysmorphology score is associated with a 17-20% increase in 
the probability of a genetic diagnosis (11). 

 
Basic Concepts: Malformation, Deformation, Disruption, Dysplasia 
Correctly categorizing an anomaly guides etiology, recurrence risk, and testing strategy (2, 10, 12).  
• Malformation: Primary structural defect due to intrinsic developmental program disturbance (e.g., cleft 

Highlights   
• A structured five-step clinical approach improves the evaluation of dysmorphic newborns. 
• Chromosomal microarray analysis remains the first-line genetic test, followed by trio WES/WGS when 

indicated. 
• Early genetic counseling and AI-assisted phenotyping enhance diagnostic accuracy and family 

management. 
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lip/palate, ventricular septal defect (VSD) , polydactyly). Often genetic/chromosomal. 
• Deformation: Altered shape of an initially normal structure due to mechanical forces (e.g., clubfoot, 
plagiocephaly). Low recurrence risk. 
• Disruption: Destruction of previously normal tissue (e.g., amniotic band sequence). Low recurrence risk. 
• Dysplasia: Abnormal tissue organization (e.g., skeletal dysplasias, neurocutaneous syndromes). Often heritable. 
 
 Initial Bedside Approach: 5 Steps  
A structured five-step protocol is recommended (2, 3, 12): 
Step 1 -- Stabilization: Assess airway, breathing, circulation (ABC) before discussing syndromes. Some dysmorphic 
conditions present with life-threatening airway anomalies, severe heart disease, hypoglycemia, metabolic 
decompensation, or seizures. 
Step 2 -- Anomaly Screening: Determine whether anomalies are major vs. minor, single vs. multiple systems, and 
whether they form a recognizable pattern. Three or more minor anomalies increase the probability of a major 
syndromic etiology (2, 3). 
Step 3 -- Detailed History: Obtain prenatal ultrasound findings, maternal illnesses, drug exposures, consanguinity, 
previous pregnancy losses, and family history of similar phenotype (2, 10). 
Step 4 -- Phenotyping: Includes standardized measurements, photo-documentation (with consent), Human 
Phenotype Ontology (HPO) coding, and parental examination when indicated (2, 12). 
Step 5 -- Stepwise Testing Plan: Choose tests based on clinical pattern -- karyotype, FISH, CMA, WES, or WGS -- 
rather than ordering the same test for every patient (2, 3, 6). 
 
 Indications for Urgent Genetic Consultation 
Early genetic consultation is indicated in the following scenarios (2, 3, 6, 12): 
• Single major or ≥3 minor anomalies 
• Pattern involving multiple organ systems 
• Positive family history, consanguinity, recurrent miscarriages/stillbirths 
• Ambiguous genitalia, microcephaly/macrocephaly, conotruncal heart disease, severe hypotonia, seizures 
• Feeding difficulties, aspiration, airway problems, unexplained acidosis/hypoglycemia 
• Sepsis-like unexplained metabolic deterioration 
• Suspected craniosynostosis 
• Severe heart disease with dysmorphic features 
 
Detailed History and Physical Examination 
A three- to four-generation pedigree should be constructed. Key elements include: similar phenotype in relatives, 
consanguinity, parental ages (advanced maternal age for Down syndrome; advanced paternal age for de novo 
mutations), and prior pregnancy losses (2, 3). 
Maternal history includes diabetes, PKU, autoimmune diseases, medications (anticonvulsants, lithium, warfarin, 
isotretinoin), alcohol, smoking, infections (TORCH, Zika), and prenatal testing results (NIPT, ultrasound, 
amniocentesis) (2, 3, 9). 
Postnatal history includes birth weight, length, head circumference percentiles; neonatal adaptation; developmental 
milestones; growth velocity; and timing of postnatal deterioration (2, 13). 
 
Dysmorphology Examination 
Examination must be systematic, head-to-toe, using standard terminology (13, 14). Anthropometric measurements 
include weight, length, head circumference (Z-score critical: <-2 suggests microcephaly; >+2 suggests macrocephaly), 
inner/outer canthal distance, interpupillary distance, palpebral fissure length, philtrum length, ear length and 
rotation (2, 13). 
Cranial findings: microcephaly/macrocephaly, brachycephaly/plagiocephaly, craniosynostosis. Two-vessel 
umbilical cord may indicate mosaicism or growth restriction (13). 
Facial dysmorphisms: forehead shape, hairline, hypertelorism/hypotelorism, ptosis, epicanthus, palpebral fissure 
slant, low-set/posteriorly rotated ears, microtia, nasal root, anteverted nares, long/short/flat philtrum, 
macro/microstomia, high/cleft palate, micrognathia/prognathia (2, 13, 14). 
Systemic clues: pectus deformities, wide-spaced nipples, heart murmur (echocardiography should be routine) (2, 6); 
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abdominal wall defects, hepatosplenomegaly; ambiguous genitalia, cryptorchidism, micropenis, renal anomalies; 
scoliosis, vertebral defects, sacral dimple, polydactyly, syndactyly, arachnodactyly; skin pigmentary changes, café-
au-lait spots, hypopigmented macules, nail dystrophy (2, 3, 10). 
 
Phenotyping and Documentation 
HPO terms (https://hpo.jax.org/) standardize phenotype coding and improve variant prioritization (2, 6). Photo-
documentation requires institutional permission and informed consent with identity protection. Parental 
examination and family photos may reveal mild phenotypes in dominant disorders (2, 13). 
 
 Differential Diagnosis Framework  
 Key questions (2, 6, 10): 
• Isolated or syndromic? 
• Genetic or environmental? 
• Primary structural (malformation/deformation/disruption/dysplasia)? 
• Timing (embryonic, fetal, or postnatal deterioration)? 
If a specific syndrome is suspected, targeted testing is appropriate (e.g., Down syndrome → karyotype). If no clear 
pattern but multiple anomalies exist, CMA is the first-tier test. Metabolic disorders must be considered when sepsis-
like deterioration, unexplained acidosis, or hepatosplenomegaly is present (2, 6). 
 
3.9. Genetic Testing Strategies in Dysmorphic Infants 
Selection of the appropriate genetic test should be guided by the clinical phenotype, suspected diagnosis, and 
diagnostic yield. Table 1 summarizes the characteristics, advantages, limitations, and clinical indications of currently 
available genetic testing modalities. 
 

      Table 1. Comparison of Genetic Testing Modalities for Dysmorphic Infants 
Test Resolution Detection 

Capabilities 
Limitations Diagnostic 

Yield 
First-Line Indication 

Karyotype 5-10 Mb Aneuploidy, large 
deletions/duplication

s, balanced 
translocations 

Cannot detect 
submicroscopic 

CNVs 

~5-7% Down syndrome, 
balanced rearrangements 

FISH Targeted Specific 
microdeletions (e.g., 

22q11.2) 

Only probes for 
known regions 

Variable Suspected specific 
syndrome 

CMA 50-100 Kb CNVs, UPD (SNP 
arrays), 

homozygosity 
regions 

Cannot detect 
balanced 

translocations, 
low-level 

mosaicism 

~12-15% First-tier for unexplained 
DD/MCA 

MLPA Targeted Specific gene 
deletions/duplication
s, imprinting defects 

Only targeted 
regions 

High for 
specific 

conditions 

DMD, SMA, Prader-
Willi/Angelman 

Gene 
panel 

Single 
nucleotide 

All genes associated 
with a specific 

phenotype 

Limited to panel 
genes; no novel 
gene discovery 

15-30% Phenotype with known 
genetic heterogeneity 

Trio WES Single 
nucleotide 

SNVs, indels, some 
CNVs (coding 

regions) 

Non-coding 
regions, some 

structural 
variants 

20-60% CMA-negative, MCA, 
neurodevelopmental 

disorders 

WGS Single 
nucleotide 

SNVs, indels, CNVs, 
structural variants, 
non-coding regions 

Higher cost; 
complex 

interpretation 

30-70% 
(depending 

on 
indication) 

WES-negative with high 
suspicion 
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Karyotyping: Detects large chromosomal changes (5-10 Mb resolution); diagnostic yield ~5-7% (2, 3). 
 FISH: Targeted detection of specific deletions/duplications; for suspected 22q11.2 deletion, etc. (2). 
Chromosomal Microarray (CMA): First-tier test for unexplained developmental delay, multiple congenital 
anomalies, and dysmorphic features (2, 3, 8, 15). Detects CNVs down to 50-100 Kb; diagnostic yield ~12-15% (15). 
Cannot detect balanced translocations. SNP arrays can detect UPD and regions of homozygosity (2, 15). 
MLPA: Rapid targeted method for specific gene deletions/duplications and imprinting disorders (DMD, SMA, 
Prader-Willi/Angelman, SHOX) (16). 
Gene Panels: Cost-effective for phenotypes with high genetic heterogeneity (e.g., cardiomyopathy, skeletal 
dysplasia), but do not cover genes outside the panel (2). 
Whole-Exome Sequencing (WES): Sequences all coding regions (~85% of disease-causing variants). Indicated for 
multiple congenital anomalies, neurodevelopmental disorders, progressive neurological conditions, and cases 
negative on prior testing (2, 15, 17). Trio WES (patient + parents) is highly effective for detecting de novo variants 
(18). Diagnostic yield ranges 20-60% depending on patient selection (15, 17). Limitations: non-coding regions, 
dynamic mutations, some CNVs. 
Whole-Genome Sequencing (WGS): Most comprehensive, covering coding and non-coding regions, SNVs, indels, 
structural variants, CNVs, and repetitive sequences (19). Indicated when WES is negative but suspicion remains. As 
costs decrease, WGS may become first-tier (2). 
 
Stepwise Diagnostic Algorithm 
The diagnostic evaluation of a newborn with dysmorphic features should follow a structured, phenotype-driven 
approach. Figure 1 summarizes the recommended stepwise algorithm from the initial clinical assessment to 
advanced genomic investigations. 
1. Identify prenatal/postnatal congenital anomalies 
2. Detailed history and pedigree 
3. Systematic physical examination and dysmorphology 
4. Referral to clinical geneticist 
5. Provisional syndrome diagnosis (if possible) 
6. Targeted test or CMA. If specific syndrome suspected → targeted test; otherwise CMA ± karyotype/FISH 
7. If CMA negative and suspicion persists → trio WES/WGS; add metabolic/infectious tests and imaging as 
indicated. 
Current literature emphasizes that genomic testing should no longer be a "last resort" but considered early with 
good phenotyping (6). 
 
Imaging and Specific Laboratory Tests 
Routine echocardiography is recommended in dysmorphic infants due to high prevalence of congenital heart disease 
(2, 6). Brain ultrasound if neurological findings or microcephaly; abdominal ultrasound for renal anomalies or 
hepatosplenomegaly; cranial MRI in selected cases. 
Laboratory: blood gas, ammonia, lactate, acidemia profile, plasma amino acids, urine organic acids (metabolic); 
TORCH panel, Zika virus if indicated; liver/kidney function tests, creatine kinase (2, 10). 
 
Artificial Intelligence: Face2Gene (Abridged) 
Face2Gene uses deep learning (DeepGestalt, GestaltMatcher) to classify >300 syndromes from facial photographs 
(20-22). Rudy et al. (2025) showed that Face2Gene changed real-time testing decisions in 17 international cases (19). 
Gupta et al. (2025) reported Top-3 accuracy of 77% for Face2Gene and 58% for GestaltMatcher in a large Indian 
cohort (23). Wenderott et al. (2025) identified IT integration and consent as major workflow barriers (21). AI tools 
are supportive, not diagnostic; performance may be lower in ultra-rare syndromes and under-represented ethnic 
groups (2, 21, 23). 
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Figure 1. Stepwise Diagnostic Algorithm for the Infant with Dysmorphic Features. Stepwise diagnostic 
algorithm for infants presenting with dysmorphic features and/or multiple congenital anomalies. CMA is 

recommended as the first-tier test when no specific syndrome is suspected. Trio WES/WGS is indicated when 
CMA is negative and clinical suspicion remains high. (Adapted from (2, 3, 6, 12) 
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 Cost-Effectiveness and Testing Strategy 
CMA: $500-1,500; WES trio: $2,000-4,000; WGS: $4,000-8,000. Ultra-rapid WGS in NICU can reduce diagnostic time 
from weeks to days but at higher cost. Stepwise approach (CMA → trio WES → WGS if negative) is generally cost-
effective (11). 
 
 Special Considerations in High-Consanguinity Populations 
In countries with consanguinity rates of 20-25% (e.g., Turkey), autosomal recessive disorders are more prevalent. 
Key points: 
• SNP-based CMA or WES can identify long runs of homozygosity (ROH) suggestive of recessive disease. 
• Family history of consanguinity or similar phenotype should prompt recessive gene panels or trio WES. 
• Recurrence risk for recessive disorders is 25%; carrier testing and prenatal diagnosis should be offered. 
• Tele-genetic counseling and sample shipping from remote centers should be facilitated. 
 
Genetic Counseling 
Genetic counseling aims to support families through uncertainty, decision-making, risk perception, and 
reproductive planning (6, 7). It has pre-test and post-test phases. 
Pre-test counseling: Expectations must be set: test may diagnose, exclude, yield VUS, or uncover secondary findings. 
"Normal result ≠ no genetic cause." Discuss parental samples (trio), secondary findings (ACMG SF v3.3), reanalysis 
consent, turnaround time, cost, and avoid jargon (6, 7). 
 
Post-test counseling: 
• Pathogenic variant: Diagnosis established; discuss clinical management, anticipation, variable expressivity, 
incomplete penetrance, and recurrence risk. 
• VUS: Explain that clinical significance is currently unknown but may be reclassified later. Provide follow-up 
plan. Reanalysis of VUS results should be performed every 12-24 months, initiated by the clinical geneticist in 
coordination with the testing laboratory (8). 
• Negative result: Genetic cause not excluded; discuss reanalysis and advanced testing. Reanalysis of negative 
results is recommended every 12-24 months as new genes are discovered (6). Recurrence risk and family planning 
(Table 2). 
 
Table 2. Recurrence Risk by Inheritance Pattern 

 
Caption: Recurrence risk estimates for future pregnancies based on the inheritance pattern of the identified genetic 
variant. Counseling must be individualized. (Based on (4,21)) 
• De novo: 1-2% (due to gonadal mosaicism; range 0.1-1% in some studies (2)) 
• Autosomal dominant: 50% if parent affected 
• Autosomal recessive: 25% 
• X-linked: variable 
• Balanced translocation carrier: risk of unbalanced offspring 
Offer prenatal diagnosis (amniocentesis, CVS), preimplantation genetic testing (PGT), carrier screening, and targeted 
fetal imaging (6). 
Counseling in the NICU/PICU: Use short (15-20 min), repetitive sessions; minimize technical language; provide 

Inheritance Pattern Recurrence Risk Key Counseling Points 
De novo (apparently) <1% (but 1-10% if gonadal 

mosaicism) 
Parental testing to exclude mosaicism; prenatal 
diagnosis for subsequent pregnancies 

Autosomal dominant 
(affected parent) 

50% each pregnancy Variable expressivity; anticipation possible 

Autosomal recessive 25% each pregnancy Carrier testing for parents; at-risk siblings 
X-linked recessive 
(carrier mother) 

50% of sons affected; 50% of 
daughters carriers 

Skewed X-inactivation; prenatal sex 
determination 

Balanced translocation 
(carrier parent) 

5-30% (depending on chromosome) Unbalanced offspring risk; prenatal diagnosis 
essential 



Dysmorphic Infant Evaluation Tayman Cuneyt 
 

 

110  
 

psychosocial support; give written summaries; ensure consistent messaging across specialties (6, 7). 
Ethical Issues, Uncertainty, and Reanalysis 
Non-directive counseling is essential; respect cultural, religious, and linguistic diversity. Address guilt, grief, and 
fear of stigmatization. Data privacy, sample storage, and disclosure of secondary findings must be discussed in 
advance (6). 
VUS results cause anxiety; explain temporality and follow-up. Reanalysis of negative or VUS results is 
recommended annually or biennially (every 12-24 months) as new genes are discovered and databases are updated. 
The responsibility for initiating reanalysis lies with the clinical geneticist, in coordination with the testing laboratory 
(6, 16). 
 
 Multidisciplinary Approach 
A genetic diagnosis redefines management: 
• Genetics: phenotyping, testing, counseling 
• Cardiology: echocardiography, rhythm monitoring 
• Neurology: seizures, hypotonia, regression, brain imaging 
• Ophthalmology: coloboma, optic atrophy, lens subluxation, cataract 
• Orthopedics/Plastic surgery: clubfoot, polydactyly, craniosynostosis 
• Endocrinology/DSD team: ambiguous genitalia, growth hormone deficiency 
• ENT: hearing screening, cleft palate management 
Provide a written, longitudinal care plan for the family (6, 7). 
 
3.18. Newborn Genomic Screening 
Traditional newborn screening (tandem mass spectrometry) targets treatable childhood-onset conditions. Genomic 
newborn sequencing (NBSeq) could shorten diagnostic odysseys, provide carrier status, enrich rare disease 
databases, and identify at-risk siblings. However, challenges include parental anxiety, child autonomy (adult-onset 
conditions), VUS uncertainty, health disparities, and genetic discrimination risk (3). del Rosario et al. (2024) surveyed 
genetic counselors (n=176) and found support for NBSeq but emphasized need for specificity/sensitivity studies (3) 
 
Discussion 
This review synthesizes current evidence for evaluating dysmorphic infants. The key finding is that a structured 
approach combining meticulous phenotyping, early genomic testing, and family-centered counseling significantly 
improves diagnostic yield and clinical outcomes. 
 
Comparison with previous literature: Earlier guidelines emphasized karyotyping and FISH as first-tier, but since 
2010, CMA has become the consensus first-tier test for unexplained developmental disabilities and multiple 
congenital anomalies (14, 15). More recently, WES and WGS have demonstrated additional diagnostic value, 
particularly in CMA-negative cases (17, 18). Our review confirms that trio WES should be offered early, not as a last 
resort. 
 
Role of AI: Face2Gene and similar tools have shown promising accuracy in real-world settings, with the ability to 
influence testing decisions in real time (20, 23). However, limitations include reduced performance in ultra-rare 
syndromes and ethnic minorities, and the need for integration into clinical workflows (21). AI remains a supportive 
tool, not a replacement for clinical geneticists. 
 
Consanguinity-specific approach: In populations with high consanguinity, recessive disorders are more common. 
Homozygosity mapping via CMA or WES is particularly valuable. Recurrence risk counseling should emphasize 
25% risk for recessive conditions and offer carrier testing. 
Cost-effectiveness: While CMA is the most cost-effective first-tier test, trio WES becomes cost-effective when 
diagnostic yield exceeds ~25-30%. Rapid WGS in NICU settings is expensive but may reduce length of stay and 
unnecessary testing. 
 
Genetic counseling challenges: VUS remain a major source of anxiety. Standardized VUS management protocols 
are lacking (8). Reanalysis of genomic data should be routine every 12-24 months, yet many laboratories do not offer 
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it systematically. Clinical geneticists should proactively initiate reanalysis. 
Future directions: Long-read WGS, epigenetic testing, and CRISPR-based prenatal therapies may further transform 
the field. Large-scale prospective studies on NBSeq are needed to establish benefits and harms. 
 
Study Limitations 
This review has some limitations. First, it is a narrative review rather than a formal systematic review or meta-
analysis; therefore, selection bias cannot be completely excluded despite the structured literature search. Second, 
many recent studies evaluating genomic sequencing, artificial intelligence–based dysmorphology tools, and genetic 
counseling include relatively small cohorts or originate from single centers, which may limit the generalizability of 
their findings. Third, the rapid evolution of genomic technologies means that diagnostic yields, testing algorithms, 
and clinical recommendations may change over time. Finally, healthcare costs, reimbursement policies, and access 
to advanced genomic testing differ considerably among countries, limiting the universal applicability of cost-
effectiveness analyses. 
 
Conclusion 
Based on the evidence reviewed, we make the following recommendations: 
1. Early diagnosis is critical. Prompt genetic evaluation in dysmorphic infants enables appropriate counseling, 
comorbidity screening, and targeted management. 
2. Clinical assessment remains foundational. Detailed history and systematic dysmorphology examination are 
irreplaceable. 
3. CMA is the first-tier genetic test for unexplained developmental delay, multiple congenital anomalies, and 
dysmorphic features. 
4. If CMA is negative, trio WES should be offered. WGS is indicated when WES is negative but clinical suspicion 
persists. 
5. Genetic counseling must begin before testing and continue post-test, addressing VUS, secondary findings, 
recurrence risks, and reproductive options. Reanalysis of negative or VUS results should be performed every 12-24 
months. 
6. AI facial analysis (e.g., Face2Gene) is a supportive tool that can aid syndrome recognition but does not replace 
clinical judgment. Ethnic diversity must be considered. 
7. In high-consanguinity populations, recessive disorders and homozygosity mapping should be prioritized. 
8. Newborn genomic screening holds promise but requires careful ethical evaluation before widespread 
implementation. 
A multidisciplinary, family-centered approach remains the gold standard. Future research should focus on 
implementation science for rapid genomic testing in NICU settings, long-term outcomes of genomic newborn 
screening, and standardized VUS reanalysis protocols.                                                  
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