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Red blood cell distribution width as a prognostic 
marker of prolonged mechanical ventilation after 
paediatric cardiac surgery 

Anna Olasińska-Wiśniewska1, Tomasz Urbanowicz1, Marcin Gładki2, Kajetan Grodecki3,  
Michał Michalak4, Anita Węclewska5, Mateusz Sochacki5, Waldemar Bobkowski6,  
Dominika Zalas6, Marek Jemielity1,2

Perioperative care is crucial for improving postoperative survival in 
children with congenital heart disease. The duration of mechanical ven-
tilation is one of the important factors influencing the outcomes. Compli-
cations and mortality are higher in patients with prolonged mechanical 
ventilation (PMV) [1]. On average weaning from mechanical ventilation 
is performed within 24 h after cardiac surgery [2, 3]. The prolonged me-
chanical ventilation may be influenced by several factors, some of which 
may occur pre-operatively and result from baseline characteristics [2, 4]. 
Identification of preoperative factors that may influence the postopera-
tive period is essential for paediatric intensive care [5, 6]. 

The aim of the study was to analyse which parameters have a prog-
nostic value for PMV in children after cardiac surgery.   

One hundred and eighteen consecutive patients were operated on 
between July 2020 and March 2021. Children who underwent procedures 
without cardiopulmonary bypass (CPB) and those who had been intubat-
ed in preceding days were excluded from the analysis. Finally, 103 pa-
tients were included to the study group. Several definitions for PMV are 
reported in the literature [1–3, 5]. According to most common literature 
descriptions and anaesthesia assessment, we defined PMV in the pres-
ent study as a continued intubation after 24 h following surgery [2, 4].

Demographic and clinical history, laboratory and peri-operative data 
were collected. Blood samples were collected at baseline and routinely af-
ter the surgery. Whole blood count parameters were analysed using routine 
haematology analyser. The inflammatory indices were calculated based on 
the whole blood sample analysis. The normal ranges of red cell distribution 
width (RDW) were 37–54 fl. The association between baseline blood pa-
rameters and post-surgical outcomes including PMV was analysed. 

The study was approved by the Local Ethics Committee (545/22). 
Data were tested for normality with the Shapiro-Wilk test. Continu-

ous parameters which were not normally distributed were presented as 
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median with interquartile range (IQR) and com-
pared with nonparametric Mann-Whitney test. 
Categorical data were presented as numbers and 
percentages and compared with Fisher’s exact 
test. Differences in the intubation time between 
surgeries due to different types of heart defects 
were analysed with Kruskal-Wallis test. Then, 
a  correlation between intubation time and RDW 
was checked with Spearman’s rho test. Receiver 
operating characteristic (ROC) analysis was per-
formed and the area under the curve (AUC) values 
with optimal cutoff values of RDW for predicting 
PMV over 24 h were assessed. The AUC values 
were compared using the DeLong test. 

We performed uni- and multivariable logis-
tic regression with backward stepwise selection 
to evaluate predictors of PMV. The multivariable 
model was adjusted for data presented in Table I. 

P < 0.05 was considered statistically significant. 
Statistical analysis was performed using JASP sta-
tistical software and SPSS ver. 23.

A  total of 103 patients were analysed (46 fe-
males, 57 males, median age of 10 months, IQR: 
4–36.5 months) operated on due to cyanotic con-
genital heart disease, valvular disease or shunt 
lesions. The duration of intubation differed be-
tween patients depending on the surgery type  
(p = 0.041), with the shortest duration in patients 
undergoing valvular procedures. Fifty-five (53.4%) 
patients had PMV (PMV group). Demographical 
and peri-procedural data are presented in Table II.

Median RDW value in the PMV group was  
41.4 fl (Q1–Q3 37.3–48.5; min.: 32.9, max.: 71.6) 
and 37.2 fl (Q1–O3 35.6–38.95; min.: 32.3, max.: 
51.3) in the non-PMV group. RDW values over the 
upper reference value were observed only in the 

PMV group (9 vs. 0 patients, p = 0.003). The dura-
tion of intubation correlated with RDW value (p < 
0.001; Spearman’s rho; r = 0.417). 

In the next step, we performed univariate (Ta-
ble I) and multiple logistic regression with back-
ward selection. In the multiple model preoperative 
RDW (p < 0.001; OR = 1.22, 95% CI: 1.0865–
1.3615), while among clinical and procedural data 
CPB time (p < 0.001; OR = 1.027, 95% CI: 1.0115–
1.0431) were significant predictors of PMV. The 
risk of PMV increased by 22% for every 1 unit (fl) 
increment in RDW. 

The ROC analysis showed that RDW over 
40.8 fl had prognostic value for PMV-24 h with  
AUC = 0.727 with a 54.6% sensitivity and 89.6% 
specificity (p < 0.001). The analysis for CPB time 
showed cut-off value over 96 min, with AUC 0.765 
yielding a 59.3% sensitivity and an 81.3% speci-
ficity (p < 0.001).

Thereafter, we combined both parameters, and 
the combined RDW and CPB time analysis showed 
AUC 0.849, with a 79.6% sensitivity and an 81.3% 
specificity.

Since there are different definitions for PMV, we 
also performed additional analyses for over 48 h 
and 72 h of mechanical ventilation, gaining a sim-
ilar prognostic significance of RDW and CPB time. 

The main finding of our study is a prognostic 
value of preoperative RDW and CPB time for PMV 
prediction. 

Several studies in adult and paediatric surgery 
and medical therapy have demonstrated the sig-
nificant value of simple blood analysis in predict-
ing short-term and long-term outcomes [7–10]. 
The RDW is a  simple, routinely analysed blood 
measurement which denotes the variability in red 

Table I. Association of clinical and peri-operative factors and PMV in the univariate and multivariable analysis 

Variable Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value 

Male gender 0.679 (0.310–1.488) 0.334

Age [months] 0.989 (0.980–0.998) 0.018

CPB time [min] 1.024 (0.011–0.037) < 0.001 1.027 (1.011–1.043) < 0.001

Surgery type 0.566 (0.349–0.916) 0.020

Leu [103/μl] 1.083 (0.972–1.207) 0.148

Neu [103/μl] 1.218 (0.888–1.670) 0.221

Lymph [103/μl] 0.984 (0.841–1.150) 0.836

NLR 1.402 (0.858–2.289) 0.177

Mono [103/μl] 5.075 (1.321–19.491) 0.018

PLT [103/μl] 1.003 (0.999–1.006) 0.107

RBC [106/μl] 0.762 (0.438–1.325) 0.335

Hb [g/dl] 1.070 (0.893–1.283) 0.461

RDW [fl] 1.183 (0.077–1.300) < 0.001 1.216 (1.086–1.362) < 0.001

CPB – cardiopulmonary bypass, Leu – leucocyte count, Lymph – lymphocyte count, Hb – haemoglobin, Mono – monocyte count, Neu – 
neutrophil count, RBC – red blood cell count, RDW – red blood cell distribution width, PLT – platelet count. 
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blood cell (RBC) size. Changes in RDW may occur 
acutely [11] as the release of reticulocytes to the 
blood stream causes an increase in RDW. According 
to Patel et al. [12], the reasons for increased RBC 
volume variance result from the cell lifecycle during 
their presence in the bloodstream. Increased RDW 
is therefore associated with reduced mean volume, 
increased reticulocyte volume variability, increased 
heterogeneity in the rate of RBC volume reduction, 
and delayed clearance [12]. While RBC clearance 
is well controlled in healthy individuals, changes 
and reductions occur in a wide range of patholog-
ical clinical situations, leaving older – smaller cells 
in the blood and increasing the RDW. Increased 
RDW may therefore occur in several conditions, 
including atherosclerosis, infections, pulmonary 
and autoimmune disorders. Chronic inflammation 
is a common feature of most pathogenetic back-
ground [7], affecting anaemia, iron release, and 
erythropoiesis. Importantly, increased RDW was 
associated with a higher risk of death and worse 
postoperative outcomes [13], and its decrease af-
ter intensified treatment is associated with a bet-
ter prognosis [14]. However, there are less data in 
the paediatric literature on the usefulness of RDW 
compared to studies in adults. Our study showed 
that increased RDW is correlated with PMV. Ote-
ro et al. [11] demonstrated an inverse relationship 
between increased RDW and ventilation-free days 
in the intensive care unit. 

It is reasonable that systemic inflammation de-
forms RBC membranes, affects RBC survival, and 

delays cell maturation. Moreover, RDW increase 
may occur in the so-called stress erythropoiesis 
[11] in the presence of hypoxia, stress-induced 
factors, glucocorticoids, which leads to increased 
RBC production. 

Schepens et al. [15] showed that RDW increase 
at the time of admission to the paediatric inten-
sive care unit was associated with respiratory fail-
ure and the need for mechanical ventilation. Said 
et al. [16] reported a higher RDW associated with 
mortality and morbidity in critically ill children. In 
their analysis, RDW correlated weakly with venti-
lation-free days. 

Prolongation of CPB time is a well-known factor 
associated with PMV. CPB induces leucocyte and 
complement activation, release of inflammatory 
mediators including oxygen-free radicals, cyto-
kines, platelet-activating factor, nitric oxide and 
endothelin. If the systemic response is greatly ex-
aggerated, the postoperative period may be com-
plicated by organ dysfunction [5]. CPB time and 
PMV are also more common in children with cya-
notic heart disease and those undergoing surgery 
for complex congenital heart disease [4]. In con-
trast, some reports suggest that the usual wean-
ing guidelines, rather than the complexity of the 
operation are more appropriate for determining 
readiness for extubation [3].

There is an impressive number of papers in 
the literature evaluating the factors that may in-
fluence PMV. The wide range of PMV definition is 
significant, from 12 and 24 h [2, 4] to over 7 [5, 17]  

Table II. Demographic and peri-procedural data of study patients

Parameter Whole group
 (n = 103)

PMV group
 (n = 55)

Non-PMV group
 (n = 48)

P-value  
(PMV vs.  
non-PMV)

Male 57 (55.3) 28 (50.9) 29 (60.4) 0.333

Female 46 (44.7) 27 (49.1) 19 (39.6)

Age [months] 10 (4.0–36.5) 6 (1.5–14.5) 28.5 (8.8–84.8) < 0.001

Premature birth 36 (35) 18 (32.7) 18 (37.5) 0.612

Ventilation time [h] 25 (10.7–75.3) 73.9 (33.3–150.5) 10.2 (8.3–11.5) < 0.001

CPB time [min] 85.5 (64.3–113.8) 103.5 (77–140) 67 (54.3–92.3) < 0.001

Baseline laboratory data: 

Leu [103/μl] 9.1 (7.4–11.9) 8.8 (7.57–13) 9.35 (7.3–11.2) 0.433

Neu [103/μl] 2.8 (2.09–3.5) 2.9 (2.1–3.7) 2.8 (2.08–3.3) 0.514

Lymph [103/μl] 4.9 (3.2–7.5) 5 (3.2–7.0) 4.8 (3.2–7.6) 0.777

NLR 0.54 (0.30–1.0) 0.5 (0.30–1.06) 0.5 (0.35–0.95) 0.781

Mono [103/μl] 0.7 (0.5–0.97) 0.8 (0.5–1.08) 0.6 (0.5–0.8) 0.023*

RBC [106/μl] 4.8 (4.4–5.2) 4.8 (4.3–5.2) 4.8 (4.5–5.1) 0.601

Hb [g/dl] 12.9 (11.9–14.6) 13 (11.9–15.4) 12.85 (11.9–13.6) 0.459

PLT [103/μl] 316 (253–400) 329 (267–445) 310 (246–350) 0.207

RDW [fl] 38.3 (36.2–42.1) 41.4 (37.3–48.5) 37.2 (35.6–38.95) < 0.001*

Continuous variables are expressed as the medians (Q1–Q3) whereas categorical variables are expressed as the numbers (n) with percent 
(%). CPB – cardiopulmonary bypass, Leu – leucocyte count, Lymph – lymphocyte count, Hb – haemoglobin, Mono – monocyte count,  
Neu – neutrophil count, RBC – red blood cell count, RDW – red blood cell distribution width, PLT – platelet count.
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or even 21 days [1]. These facts indicate the im-
portance of the issue and still serious doubts aris-
ing from this procedural complication.

One limitation of our study is its retrospec-
tive nature and the lack of RDW measurements 
in the days following surgery. However, the pre-
operative analysis was performed without blood 
transfusions and therefore the risk of foreign red 
blood cells affecting the RDW and PMV results 
[18] was omitted. Another limitation is a relatively 
low cut-off value for RDW, which results from very 
low RDW values in the non-PMV group. Howev-
er, all upper values and values over the reference 
were obtained in the PMV group. Hence, our study 
aimed to show the association between increased 
RDW and the risk of PMV, rather than to set the 
definite RDW cut-off values. 

In conclusion, higher RDW and longer CPB time 
might be predictors of PMV. Combined RDW and 
CPB time have the highest value for PMV predic-
tion. 
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