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Abstract

Background: Red blood cell distribution width (RDW) is a vital marker
associated with various clinical states. In the present study, we aimed to
determine the associations between RDW changes and adverse effects caused
by pediatric cardiac surgery.

Materials and Methods: In the present research, we retrospectively analyzed
100 pediatric patients enrolled in this study who were candidates for cardiac
surgery. RDW was determined pre-and postoperatively and at the time of
discharge from the hospital. Intubation time, duration of intensive care unit
(ICU) stay and hospital stay, cardiopulmonary bypass (CPB) time, aortic cross-
clamp (ACC) time, vasoactive inotropic score (VIS), and mortality rate were
determined as well.

Results: Intubation time, duration of hospital stay, CPB time, ACC time,
VIS, and mortality rate were significantly higher in the patients with higher
RDW rates.

Conclusion: This study demonstrated that RDW could be used as an essential
indicator in predicting both morbidity and mortality caused by pediatric
congenital heart surgery.
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Introduction

Congenital heart diseases (CHD) are one of the most
important causes of mortality and morbidity in
children. In patients with this disease, inflammatory
markers increase, especially heart failure symptoms.
As Interleukins and Tissue necrosis factor (TNF) are
released during chronic diseases, bone marrow
function and red blood cell formation are consequently
impaired, resulting in the elevated Red blood cell
distribution width (RDW). Accordingly, this can be

used as an indicator of the severity of heart disease (1).

RDW is a quantitative parameter that
demonstrates variations in the size of red blood cells
and indicates the inflammatory phase in many chronic
diseases. Recent studies reported that elevated RDW is
associated with an increase in both mortality and
morbidity in those who have undergone pediatric
cardiac surgery, although the underlying mechanism is
unknown (1-3, 6).

During pediatric heart surgery, inflammatory
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responses will be induced due to cardiopulmonary
bypass (CPB), and its related markers such as RDW
will be increased sharply after surgery. This increase is
associated with early side effects of surgery (4, 5). In
time to establish CPB, the circulating pro-
inflammatory mediators bind to receptors of the
cerebral vascular-associated cells, increasing the
permeability of the blood-brain barrier and brain
edema. Also, damage to the alveolar-endothelial
barrier leads to pulmonary edema and decreased lung
compliance. Inflammatory mediators impair systolic
function by exerting a direct inhibitory effect on
cardiomyocyte shortening, vasogenic and cytogenic
edema decreased ventricular compliance. Finally, the
inflammatory response to CPB may affect vascular
function. Histamine and bradykinin directly vasodilate
venous capacitance and systemic arterial resistance
vessels. That leads to compromised systemic venous
return and  systemic  arterial  hypotension.
Neurohormonal systems and endothelial function
regulate systemic vascular tone, which may be
adversely affected by the inflammatory response (21).

This study aimed to evaluate the effect of RDW
amounts on intensive care unit (ICU) stay, hospital
stay, intubation time, aortic cross-clamp (ACC) time,
CPB time, and cardiac function in pediatric
cardiovascular patients' surgery.

Methods

The children between 6 and 60 months who were
scheduled for open-heart surgery with CPB were
recruited from Modarres Hospital, a tertiary referral
center (May 2017 - June 2020).
Ethics considerations: the written informed consent
was obtained from the parents and the Research Ethics
Committees, School of Medicine, Shahid Beheshti
University of Medical Sciences approved the project
(IR.SBMU.MSP.REC1399.371).

One hundred cyanotic children were enrolled in
this study. Of them, 54 cases had tetralogy of Fallot, 27
tricuspid atresia, 11 tetralogies of Fallot combined with
pulmonary atresia (TF+PA), and eight subjects had
double outlet right ventricle (DORV).

Exclusion criteria were a history of infectious
disease, fever, thyroid, and other endocrine diseases, as
well as preoperative use of inotropic drugs for

circulatory support.

For patients enrolled in the study, preoperative
blood samples containing hematologic variables such
as hemoglobin (Hb), white blood cell (WBC), and
RDW were obtained 24 hours before cardiac surgery.
Postoperative blood tests were performed once passing
24 hours of the surgery and once at the time of the
patient’s discharge from the hospital. All these tests
were evaluated in one laboratory; the normal range for
RDW in that laboratory is between 12 and 14.5%.

After premedication and transfer of the patient
to the operating room, complete monitoring and
routine preoxygenation were performed. Anesthesia
was induced with sevoflurane, fentanyl, and
cisatracurium. After the intubation, the lungs were
ventilated using intermittent positive pressure
ventilation, with a tidal volume of 8 to 10 ml/kg, a
respiratory rate of 18-25 breaths/min, and 3-5 cm water
of positive end-expiratory pressure (PEEP).

All the children received standardized surgical
and CPB management. Surgical procedures were
performed under mild hypothermia (30-34 °C). During
CPB, hematocrit was maintained at 24% to 28%, and a
mixture of oxygen and air was also applied with atrial
blood gasometry guidance. The cold blood
cardioplegia solution (4°C) was also perfused to
provide cardioprotection. The durations of ACC and
CPB were recorded. After the completion of surgery
and systemic re-warming, the children were transferred
to the ICU, where they received standardized
postoperative management in terms of the institutional
guidelines.

Next, the perioperative RDW levels and
hemodynamic variables were determined. The
intubation time, duration of ICU stay and hospital stay,
CPB time, ACC time, use of inotropic drugs in the ICU
based on VIS, and mortality cases were recorded.
Vasoactive inotropic score (VIS) is a conventional
scale used to evaluate children's inotropic need for
cardiovascular support after cardiovascular surgery
(8). VIS was measured using the following formula:

VIS = dopamine (mcg/kg/min) + dobutamine
(mcg/kg/min) + 100 x epinephrine (mcg/kg/min) + 100
X norepinephrine (mcg/kg/min) + 10 x milrinone
(mcg/kg/min) +10,000 x vasopressin (mUnits/kg/min).

All the patients were continuously monitored
and managed in ICU. Afterward, they were weaned
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from mechanical ventilation when they were alert and
hemodynamically stable. They were discharged from
ICU after extubation and the discontinuation of all
vasoactive-drug infusions.

We compared intubation time, the length of ICU
stays, hospital stay, VIS in the first 24h, CPB time,
ACC time, ejection fraction (EF), and mortality rate
with RDW levels. Descriptive statistics were
calculated for continuous variables, including means,
medians, standard deviations, and ranges. The
correlation between quantitative data was tested using
a T-test. A P-value of <.05 was considered statistically
significant. Ethical approval was also obtained for this
study from Shahid Beheshti University of Medical
Sciences.

Results

One hundred cyanotic patients were evaluated during
this study period. The patients consisted of 55 men and
45 women. In this study, 11 patients died. The
demographic characteristics and clinical data of the
cases are shown in table 1. Amounts of RDW1
(preoperative), RDW?2 (postoperative), and RDW3 (at
hospital discharge time) were 13.2 = 0.69, 14.6 + 0.58
and 13.9 £ 0.5 respectively.

Based on this study, regardless of the RDW
changes from before the operation until the time of
discharge from the hospital, it was found that higher
rates of RDW before surgery in cyanotic patients are
associated with longer intubation time (P=0.001) and
hospitalization stay (P-value=0.01). As shown in Table
2, there was a significant relationship between RDW
before surgery and VIS, CPB time, and ACC time in
cyanotic patients (P=0.01, 0.004, and 0.029,
respectively). No significant relationships were found
between the RDW before surgery and ICU stay
(P=0.76). There was also a significant relationship
between RDW 24 hours after surgery and intubation
time (P=0.01), VIS, CPB time, and ACC time (Fig. 1),
and RDW at the hospital discharge time was only
related to VIS (P=0.03). There is no relationship with
other variables.

Overall, in this study, ICU stay time was not
correlated with RDW values before surgery, 24 hours
after surgery, or at the time of discharge. (P=0.76, 0.09,

and 0.97 respectively). Also, Hospital stays time is not
meaningfully related to RDW on the day after surgery
and hospital discharge time. Still, only RDW before
surgery (P=0.06, 0.6, and 0.01, respectively) (Fig. 2).
Finally, mortality and arrhythmia were significantly
associated with RDW before and 24 hours after
surgery.

Discussion

RDW is a quantitive measurement of variations in the
size of red blood cells called anisocytosis. Recent
studies on RDW have reported its relationship with
mortality and morbidity caused by cardiovascular
surgery. RDW has a more substantial predictability
potential compared to other laboratory parameters (1-
3,11).

This study evaluated RDW as a prognostic
factor in pediatric heart surgery. Our study selected
100 cyanotic patients (median age of 21.45 months),
all having undergone congenital heart surgery.

Extensive studies have shown that the level of
RDW and differentiating the cause of anemia can be
used as a predictor parameter of cardiac dysfunction,
mortality, and complications in patients with
cardiovascular diseases, including heart failure,
peripheral vasculopathy, myocardial infarction, and
angina pectoris. The underlying mechanism of this
correlation is still unclear, but some hypotheses exist,
such as increased inflammatory and oxidative stress
(112, 18, 19).

Yousefi et al. demonstrated that RDW increases
during hospitalization after myocardial infarction,
which is associated with a poor prognosis. Therefore,
patients with increased RDW amounts should be
monitored more closely to achieve a better outcome
9).

According to the study by Mawlana et al.,
although the interaction between heart failure and the
hematological system is not well understood, RDW is
related to left ventricular function. Their results
showed that the higher the rate of RDW, the more
significant the decline in heart function (2).

People with higher RDW levels were at higher
risk for peripheral artery disease (PAD). The
association between RDW and PAD is independent of
sex, diabetes, hypertension, and other factors. So RDW
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Figure 1. Relationship between RDW1 and intubation time, VIS, CPB time and ACC time.

can be used as a screening criterion for those at risk of
developing PAD (14).

Poludasu S. et al., Felker G. et al., and Allen L.et al.
found in patients with coronary artery disease (CAD)
and those with heart failure, RDW has been revealed
to be an independent predictor of mortality and
morbidity. Patients with higher RDW levels risk
developing diabetes mellitus, LV dysfunction, and
ESRD. They also demonstrated that the predictability

of RDW in outcome correlates with hemoglobin levels.
In patients with normal hemoglobin, RDW can be used
as a prognostic factor, but in those with low
hemoglobin levels, RDW is not useful (12, 15, 16).

In patients with CAD, people with diabetes have
higher morbidity and mortality rates. In diabetic
patients, RDW has a relationship with microvascular
and macrovascular complications. Those with higher
RDW values are at a greater risk for diabetic
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Figure 2. Relationship between RDW?2 and intubation time, VIS, CPB time and ACC time.

nephropathy and cardiovascular events. Increased
RDW is related to increased all-cause mortality in
diabetic patients after elective PCI. Therefore, RDW
can be used in daily practice to evaluate patients'
oxidative stress and inflammatory condition after
elective PCI (17).

RDW and Framingham risk score (FRS) is
higher in patients with CAD. FRS is a tool for
evaluating the risk of CAD over ten years. Higher
levels of RDW were associated with increased FRS.
Therefore, RDW is associated with an increased risk of
heart events in patients with CAD (20).
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CABG can play an essential role in the
treatment of patients with CAD. In this procedure, we
can use arterial or saphenous vein grafts. Degeneration
and occlusion of saphenous grafts are major concerns,
and these complications are caused by atherosclerosis,
especially after one year of the CABG. Recent studies
showed that RDW is related to the atherosclerosis
process, diabetic nephropathy, and carotid plaque
development in patients. It was found that the values
of RDW were higher in those with saphenous vein
graft disease (SVGD) than in patients with standard
saphenous venous grafts; thus, RDW can be used as a
predictor for SVGD (13).

In a recent study by Richard Warwick, RDW is

Table 1: Baseline clinical characteristics and data.

Variable

Gender 55/45
(f/m)

Age (month) 21.45+13.01
Weight (kg) 10.92+2.3
Height (cm) 67 +13
Intubation time (hour) 20+2.15
ICU stay (hour) 86 +21
Hospital stay(day) 6.5+1.6
CPB time (min) 99 + 27
ACC Time (min) 56 + 22
VIS 15.1345.9
EF (%) 45+ 10

Mortality (expired/alive) 11/89

a predictor of mortality and prolongation of
hospitalization in patients who have undergone CABG.
They demonstrated that besides other prognostic
factors such as age, diabetes, peripheral vascular
disease, and ejection fraction, RDW is a determinant of
in-hospital mortality and long-term survival after
CABG (7).

It seems that higher pump time and clamp in
patients with higher RDW levels may be since RDW
itself is an inflammatory agent that exacerbates
inflammation during CPB. Seth HS et al. demonstrated
that the increased RDW was significantly accompanied
by a higher risk of severe inflammatory response after
CPB. Thus, RDW could be a useful test to predict
severe inflammatory responses in patients undergoing
cardiac surgery with CPB. Therefore, more
sophisticated attention to its values could prevent
postoperative morbidity and mortality (10).

Inflammation might play a role in cytokines-
induced changes in the red cell membrane, leading to
an increased RDW. Erythrocyte malformation and
increased RDW may be caused by oxidative stress,
inflammation, and increased cholesterol levels in the
erythrocyte membrane. Inflammation or oxidative
stress may cause increased RDW by impairing iron
metabolism, inhibiting the production of or response to
erythropoietin, and shortening red blood cell survival.
RBCs and PLTs are sensitive to the presence of pro-
inflammatory cytokines like interleukin-6 (IL-6),
interleukin-8 (IL-8), and interleukin-1p3 (IL-1p). These
and other cytokines could simultaneously affect
circulating RBCs and PLTs during inflammation and
are closely related to cardiovascular and vascular risks.

Inflammation may involve cytokine-induced
changes in the erythrocyte membrane, leading to
increased RDW. Oxidative stress, inflammation, and
elevated cholesterol levels in the erythrocyte
membrane can cause erythrocyte abnormalities that
increase RDW. Inflammation or oxidative stress may
increase RDW by impairing iron metabolism,
inhibiting the production or response to erythropoietin,
and shortening the survival of red blood cells.
Erythrocytes and PLTs are sensitive to the presence of
proinflammatory cytokines such as interleukin-6 (IL-
6), interleukin-8 (IL-8), and interleukin-1p (IL-1pB).
These cytokines and other cytokines can
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Table 2: Relationship between RDW and variables.

variable  Intubation ICUstay  Hospital VIS CPB time ACC time EF mortality arrhythmia

(hour) stay (day) (minute) (minute) (%)
Time (hour)

RDW1(b P=0.001 P=0.76 P=0.01 P=0.01 P=0.004 P=0.029 P=0. P=0.01 P=0.01

efore 001

surgery)

RDW2(2 P=0.001 P=0.09 P=0.06 P=0.024 P=0.04 P=0.015 P=0. P=0.01 P=0.01

4 hours 006

after

surgery)

RDW3(d P=0.2 P=0.97 P=0.6 P=0.03 P=0.98 P=0.68 P=0. P=0.2

ischarge 9

from

hospital)

simultaneously affect circulating erythrocytes and
PLTs during inflammation and are closely related to
cardiovascular and vascular risks (22-26).

There are not as many studies related to RDW
and adult cardiac surgery as in pediatric cardiac
surgery. According to Polat, et al. study, RDW is
important in predicting mortality and morbidity after
heart surgery in children. It can be used in the
preoperative stage to predict the outcome of the
surgery and also in a postoperative state as a follow-up
marker of a patient’s condition (1).

In a recent study by Massin, 688 children with
CHD with a mean age of 12 months were evaluated.
As a result, the RDW was significantly higher in
patients who died during the postoperative hospital
stay (mean, 18.34 £ 4.69 vs. 16.12 + 2.84; p = 0.004).
It was also found that the risk of postoperative death
was five times higher in patients with an RDW of 16%
or more. Accordingly, RDW is an inexpensive and
accessible test for predicting mortality and morbidity
in children after heart surgery (3).

Our study showed a significant correlation
between pre and postoperative RDW levels, with
intubation time and hospital stay, CPB time, ACC
time, VIS, and complications such as mortality and
arrhythmia. These findings indicate that higher RDW
levels are associated with longer intubation time,
hospital stay, duration of the CPB and ACC, and the
need for inotropes (VIS).

We evaluated patients with cyanotic heart
disease in a particular range of age (between 6 and 60

months). Cyanotic congenital heart diseases are among
the most complex heart lesions with significant
morbidity and mortality. On the other hand, we choose
this age range because it is our country's usual age for
corrective surgery.

Although more emphasis was placed on
mortality and other related complications in previous
studies, in this study, intraoperative and postoperative
items such as longer pump time, clamp time, and VIS
were investigated. Meanwhile, we suggest that RDW
is an important marker for predicting mortality,
morbidity, and perioperative complications such as
pump time, clamp time, and VIS. The results of our
study related to patients’ outcomes follow previous
studies.

The most important shortcoming of this study
was the limited time and sample size.

Conclusion

The elevated RDW was associated with higher
mortality and morbidity rates. As it is inexpensive and
easy to measure, we suggest monitoring RDW before
and after pediatric cardiac surgery as an inflammatory
factor to predict complications.

Acknowledgment

None.

The "Journal of Cellular and Molecular Anesthesia™ is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Journal of Cellular & Molecular Anesthesia (JCMA)

236


https://creativecommons.org/licenses/by-nc/4.0/

Red Cell Distribution Width as a predictor of outcome in Cyanotic ...

Baghaei et al.

Conflicts of Interest

The authors declare that they have no conflict of
interest.

References

1. Polat V, Iscan S, Etli M, El Kilic H, Giirsu O, Eker E, et al.
Red cell distribution width as a prognostic indicator in pediatric
heart disease and after surgery. Biomed Res Int. 2014;2014:681679.
2. Mawlana W, Donia A, Elamrousy D. Relation between Red
Cell Distribution Width and Left Ventricular Function in Children
with Heart Failure. ISRN Pediatr. 2014;2014:234835.

3. Massin MM. Relation between red cell distribution width
and clinical outcome after surgery for congenital heart disease in
children. Pediatr Cardiol. 2012;33(7):1021-5.

4. van Koeverden ID, den Ruijter HM, Scholtes VPW, M
GEHL, Haitjema S, Buijsrogge MP, et al. A single preoperative
blood test predicts postoperative sepsis and pneumonia after
coronary bypass or open aneurysm surgery. Eur J Clin Invest.
2019;49(3):e13055.

5. Lee SI, Lee SY, Choi CH, Park CH, Park KY, Son KH.
Relation between changes in red blood cell distribution width after
coronary artery bypass grafting and early postoperative morbidity.
J Thorac Dis. 2018;10(7):4244-54.

6. Ertag G, Aydin C, Sonmez O, Erdogan E, Turfan M, Tasal
A, et al. Red cell distribution width predicts new-onset atrial
fibrillation after coronary artery bypass grafting. Scand Cardiovasc
J. 2013;47(3):132-5.

7. Warwick R, Mediratta N, Shaw M, McShane J, Pullan M,
Chalmers J, et al. Red cell distribution width and coronary artery
bypass surgery. Eur J Cardiothorac Surg. 2013;43(6):1165-9.

8. Baghaei Tehrani R, Omidi Farzin A, Fani K, Heidarpour A.
The Effect of Oral Triiodothyronine in Outcome of Pediatric
Congenital Cardiac Surgery. J Cell Mol Anesth. 2020;5(3):150-6.
9. Yousefi B, Sanaie S, Ghamari AA, Soleimanpour H,
Karimian A, Mahmoodpoor A. Red Cell Distribution Width as a
Novel Prognostic Marker in Multiple Clinical Studies. Indian J Crit
Care Med. 2020;24(1):49-54.

10. Seth HS, Mishra P, Khandekar JV, Raut C, Mohapatra
CKR, Ammannaya GKK, et al. Relationship between High Red Cell
Distribution Width and Systemic Inflammatory Response
Syndrome after Extracorporeal Circulation. Braz J Cardiovasc Surg.
2017;32(4):288-94.

11. Alshawabkeh L, Rajpal S, Landzberg MJ, Emani S,
Ephrem G, Gray C, et al. Relationship of Red Cell Distribution
Width to Adverse Outcomes in Adults With Congenital Heart
Disease (from the Boston Adult Congenital Heart Biobank). Am J
Cardiol. 2018;122(9):1557-64.

12. Poludasu S, Marmur JD, Weedon J, Khan W, Cavusoglu E.
Red cell distribution width (RDW) as a predictor of long-term
mortality in patients undergoing percutaneous coronary
intervention. Thromb Haemost. 2009;102(3):581-7.

13. Akyel A, Celik IE, Oksliz F, Cay S, Karadeniz M, Kurtul
A, et al. Red blood cell distribution width in saphenous vein graft

disease. Can J Cardiol. 2013;29(4):448-51.

14. Zalawadiya SK, Veeranna V, Panaich SS, Afonso L. Red
cell distribution width and risk of peripheral artery disease: analysis
of National Health and Nutrition Examination Survey 1999-2004.
Vasc Med. 2012;17(3):155-63.

15. Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ,
Pfeffer MA, et al. Red cell distribution width as a novel prognostic
marker in heart failure: data from the CHARM Program and the
Duke Databank. J Am Coll Cardiol. 2007;50(1):40-7.

16. Allen LA, Felker GM, Mehra MR, Chiong JR, Dunlap SH,
Ghali JK, et al. Validation and potential mechanisms of red cell
distribution width as a prognostic marker in heart failure. J Card
Fail. 2010;16(3):230-8.

17. Tsuboi S, Miyauchi K, Kasai T, Ogita M, Dohi T, Miyazaki
T, et al. Impact of red blood cell distribution width on long-term
mortality in diabetic patients after percutaneous coronary
intervention. Circ J. 2013;77(2):456-61.

18. Kim J, Kim K, Lee JH, Jo YH, Rhee JE, Kim TY, et al. Red
blood cell distribution width as an independent predictor of all-
cause mortality in out of hospital cardiac arrest. Resuscitation.
2012;83(10):1248-52.

19. Isik T, Kurt M, Ayhan E, Tanboga IH, Ergelen M, Uyarel
H. The impact of admission red cell distribution width on the
development of poor myocardial perfusion after primary
percutaneous intervention. Atherosclerosis. 2012;224(1):143-9.

20. Li W, Li X, Wang M, Ge X, Li F, Huang B, et al.
Association between red cell distribution width and the risk of heart
events in patients with coronary artery disease. Exp Ther Med.
2015;9(4):1508-14.

21. Giacinto O, Satriano U, Nenna A, Spadaccio C, Lusini M,
Mastroianni C, et al. Inflammatory Response and Endothelial
Dysfunction Following Cardiopulmonary Bypass: Pathophysiology
and Pharmacological Targets. Recent Pat Inflamm Allergy Drug
Discov. 2019;13(2):158-73.

22. Anand S, Krishnan N, Juki¢ M, Krizanac Z, Llorente
Muiloz CM, Pogoreli¢ Z. Utility of Red Cell Distribution Width
(RDW) as a Noninvasive Biomarker for the Diagnosis of Acute
Appendicitis: A Systematic Review and Meta-Analysis of 5222
Cases. Diagnostics (Basel). 2022;12(4).

23. Ferreira JP, Lamiral Z, Bakris G, Mehta C, White WB,
Zannad F. Red cell distribution width in patients with diabetes and
myocardial infarction: An analysis from the EXAMINE trial.
Diabetes Obes Metab. 2021;23(7):1580-7.

24, Shahzamani M, Baghaei Tehrani R, Dabbagh A, Fani K,
Foroughi M, Pourmohsen M. Effect of combined Conventional
Ultrafiltration and Modified Ultrafiltration on Serum Interleukin-6
and TNF-a Levels in Pediatric Cardiac Surgery Patients. J Cell Mol
Anesth. 2019;4(1):3-7.

25. Dabbagh A, Bastanifar E, Foroughi M, Rajaei S,
Keramatinia AA. The effect of intravenous magnesium sulfate on
serum levels of N-terminal pro-brain natriuretic peptide (NT pro-
BNP) in elective CABG with cardiopulmonary bypass. J Anesth.
2013;27(5):693-8.

26. Foroughi M, Mohammadi Z, Majidi Tehrani M, Bakhtiari
M, Dabbagh A, Haji Molahoseini M. The Effect of Erythropoietin
Administration on the Serum Level of YKL-40, pro-BNP and IL-6
in Coronary Surgery Patients. Iran J Pharm Res. 2020;19(3):430-9.

The "Journal of Cellular and Molecular Anesthesia™ is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

Vol 7, No 4, Fall 2022

237



https://creativecommons.org/licenses/by-nc/4.0/

