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Abstract 

Background: Red blood cell distribution width (RDW) has emerged as a potential biomarker associated 

with adverse outcomes in various diseases. However, its clinical significance in neonatal surgical 

populations remains unclear. The present study aimed to investigate the association between early 

postoperative RDW and postoperative outcomes in neonates undergoing non-cardiac surgery. 

Methods: This retrospective cohort study included neonatal patients who underwent non-cardiac 

surgery at a tertiary children’s hospital. Patients were stratified into quintiles based on early 

postoperative RDW levels: Q1 (extremely low), Q2 (low), Q3 (moderate), Q4 (high) and Q5 (extremely 

high). The primary outcome was postoperative length of hospital stay (LOS). Secondary outcomes 

included 30-day mortality, duration of postoperative mechanical ventilation and ICU stay, and 

postoperative complications. Multivariable regression analyses were performed to assess associations. 

Propensity score matching (PSM) comparing the higher-RDW group with the lower-RDW group was 

performed to further account for baseline confounding. 

Results: A total of 1,014 neonates were included in this study. The RDW quintile cutoffs were defined 

as follows: Q1 (< 14.5%), Q2 (14.5-15%), Q3 (15.1-15.7%), Q4 (15.8-17.1%) and Q5 (> 17.1%). Neonates 

in the higher quintiles had significantly higher risks for prolonged LOS (Q4: adj. OR 2.516, [95% CI 1.217-

5.204]; Q5: adj. OR 5.854, [95% CI 2.606-13.146]; p for Trend < 0.001). After PSM, the increased risk 

of prolonged LOS remained significant for neonates in the higher-RDW group (Q4-Q5), with an adjusted 

OR of 3.805 (95% CI 1.998-7.245, p < 0.001) in the matched cohort. When analyzed as a continuous 

variable, early postoperative RDW remained positively associated with LOS (p = 0.020). This association 

was consistent across subgroups and sensitivity analyses. For secondary outcomes, the association was 

also observed in prolonged ICU stay, acute kidney injury and acidosis (all p < 0.05) but there was no 

difference in 30-day mortality. 

Conclusions: Elevated RDW within 24 hours after non-cardiac surgery is significantly associated with 

prolonged LOS and increased risk of postoperative complications in neonates. RDW may serve as a 

clinically accessible biomarker for postoperative risk stratification in this population. 

Keywords: Red blood cell distribution width; Neonate; non-cardiac surgery; prolonged hospital stay; 30-day mortality; 
postoperative complications 
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Introduction 

Red cell distribution width (RDW) reflects 
heterogeneity in the size of circulating erythrocytes 
and is commonly used to evaluate anemia. There is 
increasing evidence that elevated RDW is associated 
with adverse outcomes in a wide range of conditions, 
including cardiovascular diseases [1,2], respiratory 
diseases [3,4], liver diseases [5], tumors [6], metabolic 
disorders [7,8]. In surgical populations, higher RDW 
levels have been associated with poor prognosis and 
prolonged length of hospital stay (LOS) in elder 
patients [9] and adults undergoing non-cardiac 
surgery [10].  

In pediatric populations, elevated RDW has been 
associated with increased mortality and prolonged 
mechanical ventilation time in critically ill children 
[11,12]. RDW also correlates with disease severity and 
prognosis in pediatric sepsis and has been used as a 
tool for clinical risk stratification and therapeutic 
guidance [13]. The pathophysiological mechanisms 
underlying the association between elevated RDW 
and adverse outcomes are not fully understood, but 
possible explanations include inflammation, oxidative 
stress, and impaired erythropoiesis [14]. Most existing 
studies have focused on adult and older pediatric 
populations; however, the prognostic value of RDW in 
neonatal surgical patients remains unexplored.  

In this retrospective cohort study, we aimed to 
investigate the association between early 
postoperative RDW levels and prolonged hospital stay 
as well as complications in neonatal population 
undergoing non-cardiac surgery.  

Methods 

Study design and setting 

The study was approved by the Ethics 
Committee Board of Children’s Hospital, Zhejiang 
University School of Medicine (2025-IRB-0162-P-01, 
April 24, 2025) in accordance with the Declaration of 
Helsinki, and was registered at chictr.org.cn 
(ChiCTR2500104859, June 25, 2025). A retrospective 
analysis of data was conducted from January 2020 to 
December 2023. The study included all neonates who 
underwent non-cardiac surgery and general 
anesthesia with endotracheal intubation. Due to the 
retrospective nature of the study, informed consent 
was waived by the Ethics Committee. The exclusion 
criteria were: (1) absence of RDW measurement within 
24 hours after surgery, (2) death within 24 hours 
postoperatively, and (3) A history of prior surgery 
(Figure 1). 

Data collection and RDW assessment 

Patient demographics and perioperative data 
were extracted from the hospital’s clinical information 
system (Ewell, Hangzhou, China) and anesthesia data 
management system (Medical System, Suzhou, 
China). The baseline characteristics included 
postmenstrual age (PMA) at surgery, gestational age 
at birth, and chronological age, weight, gender, 
premature delivery, American Society of 
Anesthesiologists (ASA) physical status classification, 
surgery site, preoperative comorbidities and 
treatments, and laboratory findings. Surgical 
procedures were categorized into levels 1-4 according 
to the institutional surgical procedure classification 
system. Intraoperative variables included the duration 
of surgery and anesthesia, intraoperative hypotension, 
hypoxemia, blood loss, blood transfusion, and 
vasoactive agents. Postoperative complications and 
outcomes were also recorded. Two researchers 
independently extracted the data, and a third reviewer 
resolved any discrepancies. 

RDW values were obtained from complete blood 
count tests performed by laboratory technicians. Early 
postoperative RDW was defined as the RDW value 
within 24 hours after surgery [15]. RDW at admission 
was defined as the first RDW measurement during the 
hospitalization, and preoperative RDW was defined as 
the most recent RDW value obtained before surgery. 
Neonates were categorized into five groups according 
to quintiles of early postoperative RDW: Q1 
(extremely low), Q2 (low), Q3 (moderate), Q4 (high) 
and Q5 (extremely high).  

Outcomes 

The primary outcome was the length of 
postoperative LOS. Secondary outcomes included the 
postoperative intensive care unit (ICU) stay, duration 
of postoperative mechanical ventilation, 30-day all-
cause mortality, and postoperative complications. 
Based on the 75th percentile of postoperative LOS, a 
threshold commonly used to identify patients at 
increased risk of adverse outcomes [16], prolonged 
hospitalization was defined as a postoperative LOS 
exceeding 28 days [17,18]. Prolonged ICU stay was 
defined as a postoperative ICU stay ≥ 10 days, and 
prolonged postoperative mechanical ventilation was 
defined as a duration of more than 36 hours. 

Postoperative complications include 
postoperative pulmonary complications (PPCs), acute 
kidney injury (AKI), acidosis, unplanned reintubation 
and reoperation. PPCs were defined as the occurrence 
of a respiratory tract infection, respiratory failure, 
pleural effusion, atelectasis, pneumothorax, 
bronchospasm, or aspiration pneumonia [19]. AKI was 
defined according to the modified KDIGO criteria for 
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neonates [20, 21], as the presence of any of the 
following within 7 days: an increase in serum 
creatinine of ≥ 0.3 mg/dL within 48 hours; an increase 
in serum creatinine to ≥ 1.5 times the baseline value; or 
urine output of < 0.5 mL/kg/hour for ≥ 6 consecutive 
hours. Acidosis was defined as a pH < 7.35 on blood 
gas analysis [22] within 7 days postoperatively.  

Statistical analysis 

Continuous variables that follow a normal 
distribution are expressed as the mean ± standard 
deviation (Mean ± SD) and were compared using one-
way analysis of variance (ANOVA). Non-normally 
distributed continuous variables are expressed as the 
median with the interquartile range (IQR) and were 
compared using the Kruskal-Wallis test. Categorical 
data were presented as counts and percentages and 
compared using the chi-squared test or Fisher’s exact 
test with Bonferroni correction when appropriate.  

A multivariable logistic regression model was 
constructed to investigate the association between the 
Quintiles of early postoperative RDW and outcomes. 
The following covariates were adjusted for: 
chronological age, weight, gestational age, gender, 
ASA physical status classification, emergency surgery, 
surgery level, preoperative respiratory disease, 
congenital heart disease (CHD), birth asphyxia, 
preoperative jaundice, preoperative blood transfusion, 
anesthesia duration, blood loss, intraoperative blood 
transfusion, vasoactive drugs and preoperative RDW. 
Sensitivity analyses included propensity score 
adjustment for above confounding adjustment, as well 
as best- and worst-case scenario analyses, to assess the 
influence of the exclusion of early deaths. The results 
of the model are presented as adjusted odds ratios (adj 
OR) with their 95% confidence intervals (95% CI). Due 
to the few events of some outcomes (30-day mortality 
and AKI), Firth's penalized logistic regression was 
used for analysis. 

 To further address potential confounding, we 
performed propensity score matching (PSM) as 
sensitivity analysis, while the quintile-based analysis 
in the full cohort served as the primary analysis. 
Neonates in Q4-Q5 were categorized as the higher-
RDW group, whereas those in Q1-Q3 were categorized 
as lower-RDW group. Propensity scores were 
estimated with clinically relevant pre-exposure 
covariates, including gestational age, birth weight, 
preoperative and intraoperative transfusion, ASA 
physical status, emergency surgery, and surgery time. 
Patients in the higher-RDW group were matched to 
those in the lower-RDW group at a 1:2 ratio using 
nearest-neighbor matching with a caliper of 0.25 times 
the standard deviation of the logit-transformed 
propensity score. Covariate balance before and after 

matching was assessed using standardized mean 
differences (SMDs), with an absolute SMD < 0.1 
considered indicative of acceptable balance 
(supplementary Table 2). In the matched cohort, 
conditional logistic regression accounting for the 
matched sets was used to evaluate the association 
between high RDW and prolonged LOS and other 
postoperative outcomes. 

Receiver operating characteristic (ROC) curves 
were used to assess the ability of RDW to discriminate 
between groups at admission, preoperatively, and 
early postoperatively. The curves were then compared 
using the DeLong test. Given the overdispersion of 
LOS, negative binomial regression was applied to 
investigate the association between early 
postoperative RDW and LOS. Additionally, restricted 
cubic spline (RCS) analysis based on the adjusted 
multivariable model was further performed to 
illustrate the potential relationship between 
continuous early postoperative RDW and LOS. 
Subgroup analyses were conducted according to 
transfusion, gestational age, ASA physical status, 
emergency surgery, duration of surgery and 
preoperative RDW level [23]. Kaplan-Meier curves 
were constructed to compare survival outcomes, and 
the Log-rank test was used to assess the statistical 
significance of difference between groups. 

Due to the low proportion of missing data, a 
complete-case analysis was performed. All data were 
analyzed using SPSS 26.0 (IBM Corp., Armonk, NY, 
USA), RStudio 4.4.2 (RStudio, Inc., Boston, MA, USA), 
and GraphPad Prism 9 (GraphPad Software, San 
Diego, CA, USA). All statistical tests were two-sided, 
and a p value of less than 0.05 was considered 
statistically significant.  

Results  

Patient characteristics 

From January 2020 to December 2023, 1014 
neonates were included in the final analysis (Figure 1). 
The median chronological age was 6 (2-12) days, and 
the median weight was 2.9 (2.3-3.4) kg. Abdominal 
surgery was the most common procedure (813, 80.2%), 
followed by head and neck surgery (107, 10.6%), and 
then thoracic surgery (92, 9.1%). The median surgery 
and anesthesia time were 75 (49.0-105.0) minutes and 
130 (96-165) minutes, respectively (Table 1). 

Neonates were stratified into five groups: Q1 (< 
14.5%, n = 206), Q2 (14.5-15.0%, n = 207), Q3 (15.1-
15.7%, n = 198), Q4 (15.8-17.1%, n = 205), and Q5 (> 
17.1%, n = 198). Neonates in the higher RDW quintiles 
were younger and had lower body weights. They also 
had higher ASA physical status classifications, more 
preoperative comorbidities, and increased use of 
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perioperative life-support measures (all p < 0.05) 
(Table 1). Preoperative laboratory parameters are also 
presented in Table 1. 

RDW and prolonged LOS 

The median LOS after surgery for the entire 
cohort was 14 (8-29) days. Prolonged LOS, defined as 
a postoperative hospital stay exceeding 28 days, 
occurred in 254 neonates (25.0%). Postoperative LOS 
increased significantly with elevated RDW levels. In 
the extremely high RDW (Q5) group, the median LOS 
was 37 (19-62) days, and 62.1% experienced prolonged 
LOS (Table 2). After adjusting for confounders, the 
high and extremely high early postoperative RDW 
groups were associated with a prolonged LOS (Q4: adj. 
OR 2.516, [95% CI 1.217-5.204]; Q5: adj. OR 5.854, [95% 
CI 2.606-13.146]; p for Trend < 0.001) (Figure 2).  

ROC curve analysis revealed that early 
postoperative RDW had good discriminative ability 
for prolonged LOS, with an area under the curve 
(AUC) of 0.784 (95% CI: 0.750-0.819; Figure 3A). Early 
postoperative RDW demonstrated significantly better 
discrimination for prolonged hospital and ICU stay, as 
well as prolonged postoperative mechanical 
ventilation time than RDW at admission or 
preoperative RDW (all p < 0.05, Figure 3A-C). 
Restricted cubic spline analysis showed a 
postoperative association between continuous early 
postoperative RDW and LOS after adjusting for 
confounding variables (Figure 4).  

RDW and postoperative complications 

In univariate analysis, an elevated RDW level 
early in the postoperative period was associated with 
a longer ICU stay, prolonged mechanical ventilation, 
AKI, blood transfusion, acidosis, unplanned 
reintubation, unplanned reoperation and 30-day 
mortality (all p < 0.05) (Table 2). After multivariable 
adjustment, extremely high postoperative RDW 
remained an independent risk factor for prolonged 
ICU stay (≥ 10 days) (Q5: adj. OR 5.856, [95% CI 2.473-
13.863], p for trend < 0.001), and the AUC was 0.777 
[95% CI 0.743-0.811] (Figure 2 and Figure 3C).  

Additionally, neonates in the elevated RDW 
group had significantly higher risks of AKI (Q4: adj. 
OR 6.570, [95% CI 1.279 - 72.699]; Q5: adj. OR 8.688, 
[95% CI 1.409-103.248], p for Trend = 0.033) and 
acidosis (Q5: adj OR 2.001, [95% CI 1.101-3.639], p for 
Trend = 0.029) (Figure 2). 

RDW and 30-day mortality 

Survival analysis showed significant differences 
in 30-day survival rates among RDW groups (p < 
0.001) (supplementary Figure 1). However, after 
adjustment, early postoperative RDW was not 
independently associated with 30-day mortality 
(Figure 2). In contrast, preoperative RDW was 
associated with 30-day mortality (AUC = 0.730, [95% 
CI: 0.662-0.798], p < 0.05) (Figure 3D). 

  

 

 
Figure 1. Flow diagram of patient categorization. 
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Table 1. Baseline and perioperative characteristics according to early postoperative RDW quintiles. 

 Total 
(n=1014) 

Quintile of RDW p 

Q1 
(< 14.5%) 
(n = 206) 

Q2 
(14.5-15.0%) 
(n = 207) 

Q3 
(15.1-15.7%) 
(n = 198) 

Q4 
(15.8-17.1%) 
(n = 205) 

Q5 
(> 17.1%) 
(n = 198) 

Postmenstrual age at surgery, week 38 (36-41) 40 (39-42) 39 (38-41) 39 (37-40) 38 (36-40) 35 (32-39) < 0.001 

Gestational age, week 38 (35-39) 38 (37-39) 38 (37-39) 38 (36-39) 37 (35-39) 33 (30-37) < 0.001 

Chronological age, day 6 (2-12) 8 (4-15) 5 (2-11) 5 (2-9) 4 (2-9) 7 (3-15) < 0.001 

Weight, kg 2.9 (2.3-3.4) 3.1 (2.7-3.5) 3.1 (2.7-3.5) 2.9 (2.5-3.4) 2.9 (2.1-3.3) 2.0 (1.5-2.9) < 0.001 

Gender, male 566 (55.8) 111 (53.9) 109 (52.7) 113 (57.1) 123 (60.0) 110 (55.6) 0.603 

Prematurity 343 (33.8) 31 (15.0) 30 (14.5) 62 (31.3) 90 (43.9) 130 (65.7) < 0.001 

ASA physical status       < 0.001 

Ⅲ 399 (39.3) 103 (50.0) 101 (48.8) 98 (49.5) 71 (34.6) 26 (13.1)  

Ⅳ 431 (42.5) 88 (42.7) 96 (46.4) 78 (39.4) 86 (42.0) 83 (41.9)  

V 184 (18.1) 15 (7.3) 10 (4.8) 22 (11.1) 48 (23.4) 89 (44.9)  

Emergency surgery 787 (77.6) 133 (64.6) 155 (74.9) 147 (74.2) 170 (82.9) 182 (91.9) < 0.001 

Surgery site       0.207 

Abdomen 813 (80.2) 157 (76.2) 169 (81.6) 161 (81.3) 167 (81.5) 159 (80.3)  

Head and neck 107 (10.6) 28 (13.6) 16 (7.7) 19 (9.6) 16 (7.8) 28 (14.1)  

Thoracic 92 (9.1) 21 (10.2) 22 (10.6) 18 (9.1) 21 (10.2) 10 (5.1)  

Limbs 2 (0.2) 0 0 0 1 (0.5) 1 (0.5)  

Surgery Level       < 0.001 

1 2 (0.2) 2 (1.0) 0 0 0 0  

2 92 (9.1) 20 (9.7) 27 (13.0) 21 (10.6) 16(7.8) 8 (4.0)  

3 293 (28.9) 31 (15.0) 33 (15.9) 50 (25.3) 71 (34.6) 108 (54.5)  

4 627 (61.8) 153 (74.3) 147 (71.0) 127 (64.1) 118 (57.6) 82 (41.4)  

Preoperative disease        

Respiratory disease 306 (30.2) 32 (15.5) 34 (16.4) 48 (24.2) 85 (41.5) 107 (54.0) < 0.001 

CHD 786 (77.5) 159 (77.2) 148 (71.5) 161 (81.3) 161 (78.5) 157 (79.3) 0.169 

Asphyxia 90 (8.9) 10 (4.9) 4 (1.9) 12 (6.1) 23 (11.2) 41 (20.7) < 0.001 

Jaundice 534 (52.7) 99 (48.1) 97 (46.9) 95 (48.0) 117 (57.1) 126 (63.6) 0.002 

Anemia 154 (15.2) 16 (7.8) 18 (8.7) 19 (9.6) 33 (16.1) 68 (34.3) < 0.001 

Preoperative therapy        

Machine ventilation 223 (22.0) 22 (10.7) 20 (9.7) 30 (15.2) 57 (27.8) 94 (47.5) < 0.001 

Vasoactive drug 73 (7.2) 5 (2.4) 5 (2.4) 8 (4.0) 21 (10.2) 34 (17.2) < 0.001 

Transfusion 104 (10.3) 9 (4.4) 9 (4.3) 9 (4.5) 32 (15.6) 45 (22.7) < 0.001 

Preoperative laboratory results        

Hemoglobin, g/L 152 (126-177) 150 (133-174) 161 (138-182) 158 (139-180)  158 (128-183) 123 (104-156) < 0.001 

RBC, ×10¹²/L 4.1 (3.5-4.7) 4.3 (3.7-4.7) 4.4 (3.8-4.9) 4.2 (3.7-4.8) 4.3 (3.6-5.0) 3.7 (3.0-4.4) < 0.001 

WBC, ×10⁹/L 11.4 (8.7-16.1) 11.8 (9.1-16.7) 11.9 (9.3-16.7) 11.8 (8.8-15.7) 11.6 (8.4-15.9) 10.4 (6.7-14.7) < 0.001 

NEU, ×10⁹/L 7.0 (4.0-10.9) 6.2 (4.2-11.2) 7.8 (4.7-11.9) 7.3 (4.1-10.8) 7.7 (3.9-11.1) 5.9 (2.9-9.2) < 0.001 

MCV, fL 103.3 (99.3-107.3) 102.4 (98.3-105.5) 103.4 (99.4-107.1) 104.2 (99.7-106.9) 103.5 (100.2-107.7) 105 (98.5-110.1) 0.003 

Albumin, g/L 34.0 (30.7-36.5) 34.8 (32.5-37.5) 34.9 (32.4-37.4) 34.1 (31.6-36.1) 33.3 (30.2-36.1) 30.3 (27.5-34.1) < 0.001 

PT, s 13.0 (11.8-14.3) 12.2 (11.4-13.4) 12.7 (11.7-14.1) 13.3 (12.0-14.3) 13.6 (12.2-15.1) 13.4 (12.0-15.0) < 0.001 

Lactate, mmol/L 2.3 (1.6-3.5) 2.3 (1.6-3.4) 2.5 (1.7-3.7) 2.3(1.5-3.3) 2.5 (1.6-3.8) 2.1 (1.5-3.1) 0.011 

Duration of surgery, min 75 (49-105) 71 (40-100) 74 (47-110) 75 (44-102) 75 (55-102) 81 (58-114) 0.067 

Duration of anesthesia, min 130 (96-165) 123 (90-157) 127 (95-168) 125 (90-164) 133 (100-156) 140 (112-170) 0.007 

Blood loss, ml 2 (1-5) 2 (1-4) 2 (1-5) 2 (1-5) 2 (2-5) 5 (2-5) < 0.001 

Intraoperative hypoxemia 112 (11.0) 19 (9.2) 13 (6.3) 18 (9.1) 27 (13.2) 35 (17.7) 0.003 

Intraoperative hypotension 452 (44.6) 67 (32.5) 78 (37.7) 87 (43.9) 117 (57.1) 103 (52.0) < 0.001 

Intraoperative blood transfusion 169 (16.7) 12 (5.8) 12 (5.8) 13 (6.6) 41 (20.0) 91 (46.0) < 0.001 

Intraoperative vasoactive drugs 239 (23.6) 22 (10.7) 31 (15.0) 41 (20.7) 69 (33.7) 76 (38.4) < 0.001 

Data are presented as median (quartile) or n (%). ASA: American Society of Anesthesiologists; CHD: Congenital heart disease; MCV: Mean corpuscular volume; 
NEU: Neutrophil count; PT: Prothrombin time; RBC: Red blood cell count; RDW: Red blood cell distribution width; WBC: White blood cell count. 

 

 

PSM, sensitivity and subgroup analysis 

After propensity score matching, a total of 700 
neonates were included in the matched cohort (256 in 

higher-RDW and 444 in lower-RDW group). In the 
matched cohort, higher-RDW was significantly 
associated with prolonged LOS (adjusted OR 3.805, 
[95% CI 1.998-7.245], p < 0.001), ICU stay ≥ 10 days 
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(adjusted OR 2.192, [95% CI 1.118-4.295], p = 0.022), 
AKI (adjusted OR 5.868, [95% CI 1.312-26.248], p = 
0.021) (Table 3). No significant associations were 

observed with mechanical ventilation ≥ 36 hours, 30-
day mortality, or postoperative acidosis. 

 

Table 2. Postoperative outcomes according to early postoperative RDW quintiles. 

 Total 
(n = 1014) 

Quintile of RDW p 

Q1 (< 14.5%) 
(n = 206) 

Q2 (14.5-15.0%) 
(n = 207) 

Q3 (15.1-15.7%) 
(n = 198) 

Q4 (15.8-17.1%) 
(n = 205) 

Q5 (> 17.1%) 
(n = 198) 

Postoperative LOS, days 14 (8-29) 10 (6-16) 11 (7-17) 12 (8-21) 17 (11-36) 37 (19-62) < 0.001 

Postoperative LOS>28 days 254 (25.0) 17 (8.3) 20 (9.7) 31 (15.7) 63 (30.7) 123 (62.1) < 0.001 

30-day mortality 40 (3.9) 3 (1.5) 3 (1.4) 8 (4.0) 11 (5.4) 15 (7.6) 0.005 

Postoperative mechanical ventilation 
time, hours 

15 (8-29) 9 (6-16) 10 (6-18) 14 (8-23) 19 (10-49) 27 (15-73) < 0.001 

Postoperative ICU stay, days 2 (1-9) 1 (1-2) 1 (1-3) 2 (1-6) 4 (1-12) 18 (2-43) < 0.001 

PPCs 378 (37.3) 66 (32.0) 75 (36.2) 74 (37.4) 82 (40.0) 81 (40.9) 0.630 

AKI 38 (3.7) 3 (1.5) 4 (1.9) 4 (2.0) 15 (7.3) 12 (6.1) 0.002 

Postoperative blood transfusion 422 (41.6) 50 (24.3) 47 (22.7) 66 (33.3) 104 (50.7) 155 (78.3) < 0.001 

Postoperative acidosis 362 (35.7) 54 (26.2) 59 (28.5) 67 (33.8) 76 (37.1) 106 (53.5) < 0.001 

Unplanned reintubation 32 (3.2) 3 (1.5) 2 (1.0) 3 (1.5) 7 (3.4) 17 (8.6) < 0.001 

Unplanned reoperation 31 (3.1) 1 (0.5) 2 (1.0) 6 (3.0) 9 (4.4) 13 (6.6) 0.002 

Data are presented as median (quartile) or n (%).  

AKI: acute kidney injury; ICU: intensive care unit; LOS: length of stay; PPCs: postoperative pulmonary complications; RDW: Red blood cell distribution width. 

 

 

 
Figure 2. Association between early postoperative RDW levels and the risk of adverse postoperative outcomes. Multivariable binary logistic regression was 

used to analyze the association between early postoperative RDW levels and prolonged LOS, time on mechanical ventilation, ICU stay, 30-day mortality, AKI, and acidosis, 

after adjusting for potential confounders. Adjusted OR with 95% CI are shown with Q1 as the reference group. AKI: acute kidney injury; CI: confidence interval; ICU: intensive 

care unit; LOS: length of stay; OR: odds ratio; RDW: red cell distribution width. 
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Table 3. Early postoperative RDW levels and the risk of adverse postoperative outcomes after propensity score 

matching in higher-RDW (Q4-Q5) groups compared with lower-RDW (Q1-Q3) group. 

 
 

Unadjusted 
OR (95% CI) 

Unadjusted 
p value 

Adjusted 
OR (95% CI) 

Adjusted p value 

Prolonged LOS 3.170 (2.041-4.922) < 0.001 3.805 (1.998-7.245) < 0.001 

Postoperative mechanical ventilation time ≥ 36h 1.792 (1.173-2.737) 0.007 1.779 (0.986-3.207) 0.056 

Postoperative ICU stay duration ≥ 10 days 2.083 (1.338-3.242) 0.001 2.192 (1.118-4.295) 0.022 

30-day mortality 0.943 (0.414-2.147) 0.889 0.935 (0.128-6.833) 0.947 

AKI 4.721 (1.973-11.298) < 0.001 5.868 (1.312-26.248) 0.021 

Postoperative acidosis 1.322 (0.954-1.833) 0.094 1.191 (0.802-1.770) 0.385 

CI: confidence interval; ICU: intensive care unit; LOS: length of stay; OR: odds ratio; RDW: red cell distribution width. 

 

 

 
Figure 3. Receiver operating characteristic curve analysis of early postoperative RDW for discriminating prolonged length of stay (A) prolonged LOS; (B) 

postoperative mechanical ventilation time ≥36 hours; (C) prolonged postoperative ICU stay; and (D) 30-day mortality. *, p < 0.05 for the DeLong test of early postoperative 

RDW AUC vs. preoperative RDW; #, p < 0.05 for the DeLong test of early postoperative RDW AUC vs. admission RDW. 
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Figure 4. Association between the early postoperative RDW and postoperative length of hospital stay. 

 

 
Figure 5. Subgroup analysis of the association between early postoperative 

RDW and prolonged hospital stay. Firth-logistic regression was used to analyze 

the association between early postoperative RDW levels as continuous variable and 

prolonged LOS in different subgroups. 

 

After conducting sensitivity analyses that 
included best- and worst-case scenario analyses, we 
found that the high and extremely high early 
postoperative RDW groups were still significantly 
associated with a prolonged postoperative LOS 
(supplementary Table 1). Subgroup analysis 
demonstrated that this association persisted across 
clinically relevant subgroups stratified by 
preoperative RDW levels, gestational age, transfusion, 
surgery duration, emergency surgery, and ASA 
classification (Figure 5). 

Discussion  

In this study, we demonstrated that elevated 
RDW levels early in the postoperative period, 
particularly the extremely high quintile, were 
independently associated with a prolonged LOS as 
well as postoperative complications, in neonates 
undergoing non-cardiac surgery. This association 
remained consistent when the data were stratified by 
blood transfusion, gestational age, surgical time, and 
ASA classification. These results suggest that early 
postoperative RDW may be a readily available and 
valuable biomarker for identifying neonates at 
increased risk of adverse outcomes following non-
cardiac surgery. 

Previous studies have shown that lower levels 
are associated with increased risks of adverse 
outcomes and mortality in various patients [24]. High 
RDW is associated with prolonged LOS in adult 
patients after non-cardiac surgery [10]. In elderly 
patients, RDW values exceeding 16.6% have been 
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linked to higher all-cause mortality [9]. In pediatric 
settings, elevated RDW has been reported to correlate 
with increased mortality and prolonged mechanical 
ventilation in critically ill children [11,12]. Our 
findings are consistent with previous evidence. 
However, as these results reflect unadjusted 
associations, they should be interpreted with caution. 
The observed differences are likely to be driven by 
underlying baseline risk factors rather than RDW 
itself. 

The mechanisms linking elevated RDW to 
adverse postoperative outcomes in neonates are likely 
multifactorial. Inflammation during perioperative 
period induced by surgical stress can impair 
erythropoietin activity, suppress erythropoiesis, alter 
red blood cell membrane deformability, and increase 
the production of ineffective erythrocytes [25–28]. This 
results in greater anisocytosis and elevated RDW 
levels. Additionally, perioperative oxidative stress, 
triggered by blood loss, ischemia-reperfusion injury, 
and hypoxia, may shorten erythrocyte lifespan and 
accelerate erythrocyte senescence, contributing further 
to increased RDW levels [26,29]. Furthermore, 
oxidative stress-mediated activation of inflammatory 
pathways and complement components can promote 
tissue injury and organ dysfunction and accelerate 
erythrocyte senescence and clearance, thereby linking 
elevated RDW to worse postoperative outcomes and 
mortality [30,31].  

We also observed a significant association 
between elevated RDW levels and postoperative AKI. 
This finding is associated with prior studies that 
identified RDW as an independent risk factor for AKI 
[32]. The systemic inflammation and oxidative stress 
associated with elevated RDW may contribute to renal 
tubular epithelial injury and renal tissue hypoxia, 
thereby exacerbating kidney dysfunction [33,34]. 
Considering the strong link between AKI and 
mortality in neonates, the association between RDW 
and AKI further highlights the prognostic significance 
of this hematologic parameter. 

From a clinical perspective, RDW is an 
inexpensive, readily available laboratory index that 
does not require additional testing or cost. 
Incorporating RDW measurements into the routine 
assessment of neonates before and after surgery may 
facilitate the early identification of high-risk patients, 
enabling closer monitoring and targeted management. 
While specific interventions targeting RDW itself have 
yet to be established, elevated RDW levels may 
prompt clinicians to consider strategies that optimize 
anemia, inflammation, nutritional status, and overall 
physiological reserve before and after surgery.  

There are several limitations of this study that 
should be acknowledged. First, it was a single-center 

retrospective analysis, which may limit the 
generalizability of the findings. Second, RDW is 
influenced by multiple factors, including anemia, 
blood transfusions, hemorrhage, and inflammatory 
conditions. Although we adjusted for known 
confounders and performed sensitivity analyses, 
residual unmeasured confounding factors may still 
exist. Third, RDW was only assessed at three time 
points, which precluded evaluation of dynamic 
changes in RDW and their temporal relationship with 
postoperative outcomes. Although preoperative RDW 
was included as a covariate in our analyses, residual 
confounding and potential effect modification by 
baseline RDW cannot be completely excluded. Finally, 
neonatal AKI was defined using modified KDIGO 
criteria. The lack of universally accepted definition of 
neonatal AKI may have introduced bias into our 
results.  

Conclusion 

In summary, elevated red blood cell distribution 
width level early in the postoperative period is 
independently associated with a prolonged hospital 
stay and postoperative complications in neonates 
undergoing non-cardiac surgery. These results imply 
that RDW could be a useful and accessible tool for 
assessing perioperative risk in neonatal surgical care. 

Abbreviations 

Alb: albumin; AKI: acute kidney injury; ASA: 
American Society of Anesthesiologists; CHD: 
congenital heart disease; CI: confidence intervals; ICU: 
intensive care unit; IQR: interquartile range; LOS: 
length of stay; MCV: mean corpuscular volume; NEU: 
neutrophil count; PMA: postmenstrual age; PPCs: 
postoperative pulmonary complications; PSM: 
propensity score matching; PT: prothrombin time; 
RBC: red blood cell count; RCS: restricted cubic spline; 
RDW: red blood cell distribution width; ROC: receiver 
operating characteristic; SMDs: standardized mean 
differences; WBC: white blood cell count. 

Supplementary Material 

Supplementary figures and tables.  
https://www.medsci.org/v23p3000s1.pdf 

Acknowledgements 

Funding 

This study was supported by National Natural 
Science Foundation of China (grant numbers 82372159 
and 82472179). 



Int. J. Med. Sci. 2026, Vol. 23 

 

https://www.medsci.org 

3009 

Ethics approval and consent to participate 

This study was approved by the Ethics 
Committee of Children's Hospital, Zhejiang 
University School of Medicine (2025-IRB-0162-P-01, 
April 24, 2025) in accordance with the Declaration of 
Helsinki, and was registered at chictr.org.cn 
(ChiCTR2500104859, June 25, 2025). Due to the 
retrospective nature of the study, informed consent 
was waived by the Ethics Committee. 

Author Contributions 

Conceptualization, JZ, KZ and YJ; Methodology, 
JZ, MH, ZL, KZ and YJ; Data curation, ZL, WZ, LQ, 
MQ, CJ, BC, YL and MG; Formal analysis, MH, ZL and 
WZ; Writing – original draft, JZ, MH and ZL; Writing 
– review & editing, KZ and YJ. 

All authors read and approved the final 
manuscript.  

Competing Interests 

The authors have declared that no competing 
interest exists. 

References 
1. Tajuddin SM, Nalls MA, Zonderman AB, Evans MK. Association of red cell 

distribution width with all-cause and cardiovascular-specific mortality in 
African American and white adults: a prospective cohort study. J Transl Med. 
2017;15:208. 

2. Mu H, Wang X, Zhao X, Yang R, Zhang W, Li H, et al. Hematological 
parameters and major adverse cardiovascular events: a prospective study in a 
Chinese population involving 2,970 participants. Int J Med Sci. 2025;22:1924–
35. 

3. Karampitsakos T, Torrisi S, Antoniou K, Manali E, Korbila I, Papaioannou O, 
et al. Increased monocyte count and red cell distribution width as prognostic 
biomarkers in patients with Idiopathic Pulmonary Fibrosis. Respir Res. 
2021;22:140. 

4. Seyhan EC, Özgül MA, Tutar N, Ömür I, Uysal A, Altin S. Red blood cell 
distribution and survival in patients with chronic obstructive pulmonary 
disease. COPD. 2013;10:416–24.  

5. Hu Z, Sun Y, Wang Q, Han Z, Huang Y, Liu X, et al. Red blood cell distribution 
width is a potential prognostic index for liver disease. Clin Chem Lab Med. 
2013;51:1403–8. 

6. Hu L, Li M, Ding Y, Pu L, Liu J, Xie J, et al. Prognostic value of RDW in cancers: 
a systematic review and meta-analysis. Oncotarget. 2017;8:16027–35. 

7. Ren D, Wang J, Li H, Li Y, Li Z. Red blood cell distribution width and carotid 
intima-media thickness in patients with metabolic syndrome. BMC Cardiovasc 
Disord. 2017;17:44. 

8. Yan Z, Fan Y, Meng Z, Huang C, Liu M, Zhang Q, et al. The relationship 
between red blood cell distribution width and metabolic syndrome in elderly 
Chinese: a cross-sectional study. Lipids Health Dis. 2019;18:34. 

9. Lam AP, Gundabolu K, Sridharan A, Jain R, Msaouel P, Chrysofakis G, et al. 
Multiplicative interaction between mean corpuscular volume and red cell 
distribution width in predicting mortality of elderly patients with and without 
anemia. Am J Hematol. 2013;88:E245-249. 

10. Olafsson HB, Sigurdarson GA, Christopher KB, Karason S, Sigurdsson GH, 
Sigurdsson MI. A retrospective cohort study on the association between 
elevated preoperative red cell distribution width and all-cause mortality after 
noncardiac surgery. Br J Anaesth. 2020;124:718–25. 

11. Ramby AL, Goodman DM, Wald EL, Weiss SL. Red Blood Cell Distribution 
Width as a Pragmatic Marker for Outcome in Pediatric Critical Illness. PloS 
One. 2015;10:e0129258.  

12. Matehuala S, Pasala S, Goudie A, Fiser R, Weiss S, Irby K, et al. Association 
Between Elevated RBC Distribution Width and Multiple Organ Dysfunction in 
Pediatric Critical Illness. Pediatr Crit Care Med J Soc Crit Care Med World Fed 
Pediatr Intensive Crit Care Soc. 2020;21:e740–6. 

13. Bulut O, Akcakaya A, Bulut N, Ovali F. Elevated Red Cell Distribution Width 
as a Useful Marker in Neonatal Sepsis. J Pediatr Hematol Oncol. 2021;43:180–
5. 

14. Cole J, Ertoy D, Lin H, Sutliff RL, Ezan E, Guyene TT, et al. Lack of angiotensin 
II-facilitated erythropoiesis causes anemia in angiotensin-converting enzyme-
deficient mice. J Clin Invest. 2000;106:1391–8. 

15. Said AS, Spinella PC, Hartman ME, Steffen KM, Jackups R, Holubkov R, et al. 
RBC Distribution Width: Biomarker for Red Cell Dysfunction and Critical 
Illness Outcome? Pediatr Crit Care Med J Soc Crit Care Med World Fed Pediatr 
Intensive Crit Care Soc. 2017;18:134–42. 

16. Saravi B, Zink A, Ülkümen S, Couillard-Despres S, Hassel F, Lang G. 
Performance of Artificial Intelligence-Based Algorithms to Predict Prolonged 
Length of Stay after Lumbar Decompression Surgery. J Clin Med. 2022;11:4050. 

17. Miura S, Fukushima M, Kurosawa H, Kimura S. Epidemiology of long-stay 
patients in the pediatric intensive care unit: prevalence, characteristics, 
resource consumption and complications. Z Gesundheitswissenschaften J 
Public Health. 2022;30:111–9. 

18. Ru X-F, Feng Q, Wang Y, Zhang X, Li X, Meng J-W, et al. Early growth of 
preterm infants with prolonged hospitalisation. Singapore Med J. 2012;53:832–
9.  

19. Jammer I, Wickboldt N, Sander M, Smith A, Schultz MJ, Pelosi P, et al. 
Standards for definitions and use of outcome measures for clinical effectiveness 
research in perioperative medicine: European Perioperative Clinical Outcome 
(EPCO) definitions: a statement from the ESA-ESICM joint taskforce on 
perioperative outcome measures. Eur J Anaesthesiol. 2015;32:88–105. 

20. Zappitelli M, Ambalavanan N, Askenazi DJ, Moxey-Mims MM, Kimmel PL, 
Star RA, et al. Developing a neonatal acute kidney injury research definition: a 
report from the NIDDK neonatal AKI workshop. Pediatr Res. 2017;82:569–73. 

21. Starr MC, Charlton JR, Guillet R, Reidy K, Tipple TE, Jetton JG, et al. Advances 
in Neonatal Acute Kidney Injury. Pediatrics. 2021;148:e2021051220. 

22. Castro D, Patil SM, Zubair M, Keenaghan M. Arterial Blood Gas. StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025 [cited 2025 Dec 19]. 

23.Tonbul A, Tayman C, Catal F, Kara S, Tatli MM. Red cell distribution width 
(RDW) in the newborn: normative data. J Clin Lab Anal. 2011;25:422–5.  

24. Giamouzis G, Kourek C, Magouliotis DE, Briasoulis A, Zakynthinos GE, 
Sawafta A, et al. The Prognostic Role of RDW in Hospitalized Heart Failure 
Patients with and Without Chronic Kidney Disease. J Clin Med. 2024;13:7395. 

25. Olafsson HB, Sigurdarson GA, Christopher KB, Karason S, Sigurdsson GH, 
Sigurdsson MI. A retrospective cohort study on the association between 
elevated preoperative red cell distribution width and all-cause mortality after 
noncardiac surgery. Br J Anaesth. 2020;124:718–25. 

26. Niu T, Wang Y, Lu L, Li J, Cheng T, Dai Y. The value of preoperative RDW for 
post-pancreatectomy haemorrhage and surgical prognosis in patients with 
pancreatic cancer: a retrospective study. BMC Cancer. 2025;25:437. 

27. Lu X, Huang X, Xue M, Zhong Z, Wang R, Zhang W, et al. Prognostic 
significance of increased preoperative red cell distribution width (RDW) and 
changes in RDW for colorectal cancer. Cancer Med. 2023;12:13361–73. 

28. Jelkmann I, Jelkmann W. Impact of erythropoietin on intensive care unit 
patients. Transfus Med Hemotherapy Off Organ Dtsch Ges 
Transfusionsmedizin Immunhamatologie. 2013;40:310–8.  

29. Sousa R, Gonçalves C, Guerra IC, Costa E, Fernandes A, do Bom Sucesso M, et 
al. Increased red cell distribution width in Fanconi anemia: a novel marker of 
stress erythropoiesis. Orphanet J Rare Dis. 2016;11:102. 

30. Ananthaseshan S, Bojakowski K, Sacharczuk M, Poznanski P, Skiba DS, Prahl 
Wittberg L, et al. Red blood cell distribution width is associated with increased 
interactions of blood cells with vascular wall. Sci Rep. 2022;12:13676. 

31. Osawa Y, Tanaka T, Semba RD, Fantoni G, Moaddel R, Candia J, et al. Proteins 
in the pathway from high red blood cell width distribution to all-cause 
mortality. EBioMedicine. 2022;76:103816. 

32. Zou Z, Zhuang Y, Liu L, Shen B, Xu J, Jiang W, et al. Role of elevated red cell 
distribution width on acute kidney injury patients after cardiac surgery. BMC 
Cardiovasc Disord. 2018;18:166. 

33. El-Achkar TM, Dagher PC. Tubular cross talk in acute kidney injury: a story of 
sense and sensibility. Am J Physiol Renal Physiol. 2015;308:F1317-1323. 

34. Ramires MLV, Leite MFB, Lo DZY, Silveira LB da, Ferraz LJR, Pardini A, et al. 
Relation between red blood cell distribution width and acute kidney injury in 
patients with sepsis. Einstein Sao Paulo Braz. 2022;20:eAO6828. 


