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Abstract

Aim: The study aimed to investigate whether there are differences in carboxyhemoglobin,
bilirubin and hemoglobin values of neonates born by normal spontaneous vaginal birth
(NSVD) (without anesthesia) and elective spinal cesarean section (CS) and its effect on
neonatal jaundice.

Materials and Methods: A total of 110 healthy neonates without any risk factors for
neonatal hyperbilirubinemia were included in the study. There were fifty-five neonates in
both NVSD and spinal CS groups. COHb, bilirubin and Hb values which were measured
from umbilical cord blood (as cord) and capillary blood taken from the heel 4-6 hours
after birth (as post cord) were recorded.

Results: No statistically significant difference was found between the groups in terms of
birthweight, maternal age, APGAR scores, and gender (p>0.05). There was a statistical
difference between the groups according to the mean of gestational age, and it was observed
that the mean of gestational age in spinal CS group was lower than in NSVD group
(38.30£1.2 and 39.16+1.39 respectively) (p=0.001). Umbilical cord COHb levels in spinal
CS group were higher than in NSVD group, but there was no statistically significant
difference between groups (1.01£0.15 and 0.99£0.20 respectively, p=0.22). Furthermore,
the differences between groups in term of mean of bilirubin and Hb levels in cord and
post cord were not statistically significant (>0.05). But, it was determined that post
cord COHD levels were higher than in NVSD group, and this difference was statistically
significant (p=0.028). Additionally, it was found that the mean rank of COHb, bilirubin,
and Hb in cord and post cord values were statistically significantly different between the
groups (p < 0.05).

Conclusion: It should be kept in mind of that the anesthetic agent may also be a factor
in bilirubin increases that occurs in neonatal hyperbilirubinemia without an underlying
risk factor.

@@@@ Copyright (© 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ATl under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

rate of bilirubin increase should be closely monitored after

Neonatal jaundice is a common problem in more than 80%
of newborns, especially during the first week of life [1].
Pathological increases in bilirubin values and exceeding
a certain level of blood bilirubin may cause neurotoxic-
ity and lead to undesirable conditions such as kernicterus
[1]. Therefore, early and appropriate management is very
important for the prevention of long-term neurological se-
quelae.

To avoid this condition, especially in newborns with isoim-
mune hemolytic disease caused by blood group incompat-
ibilities between mother and fetus, bilirubin levels and the
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birth. But, some newborns without an underlying risk fac-
tor or isoimmune hemolytic disease who had pathological
high cord blood bilirubin values or bilirubin increase rates,
need to be closely followed up and treated in the neonatal
intensive care unit.

An increase in bilirubin levels, decrease in hemoglobin
(Hb) values, direct Coombs test positivity, reticulocytosis,
and hemolysis findings in peripheral smear are expected as
an indicator of hemolysis in isoimmune hemolytic diseases
[2]. Carboxyhemoglobin (COHb), one of the by-products
of bilirubin metabolism can be used as another predictor
of hemolysis and, consequently, of bilirubin production [2].
However, the heme-oxygenase enzyme, which plays a role
in bilirubin metabolism, is affected and induced by many
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oxidative stresses such as sepsis, hypoxia, respiratory dis-
tress, or surgery, so bilirubin and COHb levels may also
be affected by these conditions [3,4].

For this reason, the presence of pathological cord blood
bilirubin values and bilirubin increase rates in healthy new-
borns without an underlying cause leaves a question mark
in mind as to whether it may be related to birth anesthe-
sia. In the literature, there are many studies investigating
the relationship between COHb levels and neonatal hy-
perbilirubinemia [5-9]. However, we have seen that there
are not enough studies in neonatal hyperbilirubinemia in
which COHb, Hb, and bilirubin levels, type of delivery,
and anesthetic agents are evaluated together. Therefore,
we aimed to conduct a study in which changes in blood
COHD, Hb, and bilirubin levels were investigated together
to evaluate the effect of birth anesthesia on neonatal hy-
perbilirubinemia.

Materials and Methods

This retrospective cohort study was conducted at Karad-
eniz Technical University Medical School Department of
Neonatology between 2017 and 2019. The study proto-
col was approved by the Karadeniz Technical University
Institutional Ethics Committee.

A total of 110 healthy neonates without any risk factors for
neonatal hyperbilirubinemia were included in the study.
All study patients consisted of neonates who were born
at 37-41 weeks of gestational age with an uncomplicated
pregnancy and delivery.

The neonates were divided into two groups according to
the type of delivery normal spontaneous vaginal delivery
(NSVD) (without anesthesia) and elective spinal cesarean
section (CS) (especially with the same anesthetic agent-
bupivacaine).

Neonates who had sepsis, hypoxia, respiratory distress, or
risk factors for hemolysis such as blood group incompati-
bilities (Rh, ABO, and/or subgroup incompatibilities, pos-
itive direct Coombs test result) were not included in this
study (Figure 1).

Demographic characteristics (gestational age, birth
weight, maternal age, APGAR scores, gender) and labora-
tory findings [blood groups of the neonates and mothers,
results of direct Coombs test; COHb, bilirubin, and Hb
values] were recorded. COHDb, bilirubin, and Hb values
were measured from umbilical cord blood (as cord) and
capillary blood taken from the heel 4-6 hours after birth
(as post cord). These parameters were measured using
heparinized pipettes and in a blood gas analyzer (ABL
800, Radiometer GmbH, Copenhagen, Denmark).

Statistical analysis

All statistical analyses were analyzed in the IBM SPSS
22.0 environment (licensed by Karadeniz Technical Uni-
versity, Trabzon, Tiirkiye). Kolmogorov Smirnov test was
used to evaluate the normal distribution. Continuous vari-
ables were expressed as means + SD, and categorical vari-
ables were expressed as percentage and number. Categori-
cal variables were analyzed with the Chi-Square test. The
variables were tested with the Student’s t-test or Mann-
Whitney U test. Student’s t-test (Mann Whitney U, if
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non-parametric) was used to compare means between in-
dependent two groups, and the Paired t-test (Wilcoxon
Signed Rank test, if non-parametric) was used to compare
means between dependent two groups. Spearman rank
correlation analysis was used to test the relationship be-
tween variables (Table 1). Results were evaluated at a 95%
confidence interval, and p-values less than 0.05 were con-
sidered statistically significant. Experimental (post-hoc;
retrospective; posterior) power analysis was performed to
calculate the realized power in the study. With a signif-
icance level of & = 0.05 and an effect size of d = 0.5,
the power of the study (1-8) was calculated as 0.83. The
power of the sample was calculated in the G*Power 3.0.10
program environment.

Results

A total of 1,639 live births were born within the research
interval. 110 neonates met the all criteria for this study
and also had both capillary blood which was measured 4-6
hours after delivery and umbilical cord blood. There were
fifty-five neonates in both of the groups. Demographic
characteristics and laboratory findings of the study groups
are shown in Table 2.

Number of Live Births within
the Research Interval
(n=1,639)

Excluded neonates who had:

Blood group incompatibilities,
Positive direct Coombs rest,
Congenital anomalies,

Respiratory distress,

Hypoxia,

Sepsis,

Other risk factors for hemolysis,
Use of other anesthetic agents than
bupivacaine

VYVYVYYYY

The total number of
neonates who met the
inclusion criteria (n=110)

Spinal CS
(n=55)

NSVD
(n=55)

Figure 1. Patients flow diagram.
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Figure 2. Distribution of COHb, bilirubin and Hb mea-
surements in Cord and Post Cord (which was measured
4-6 hours after birth) blood gas.
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Variables Cord COHb Post Cord COHb Cord Hb Cord T.bil Post Cord Hb Post Cord T.bil
r 1
Cord COHb
p
0.39%* 1
Post Cord COHb
0.001
-0.18 0.10 1
Cord Hb '
p 0.06 0.32
0.18 0.09 -0.3%* 1
Cord T.bil '
p 0.06 0.35 0.01
N 1 49** -0.36™" 1
Post Cord Hb ' 0.15 0.13 049 03
p 0.12 0.18 0.001 0.001
0.06 0.17 -0.03 0.76** -0.39™* 1
Post Cord T.bil
p 0.56 0.07 0.80 0.001 0.001
n 110 110 110 110 110 110
r: Spearman rho, ** Correlation is significant at the 0.01 level (2-tailed).
Table 2. Demographic characteristics and laboratory findings of the neonates.
All Patients NSVD n=55 Spinal CS n=55 p
Gestational age (wk) 38.31 £ 2.96 39 (38-40) 38 (26-41) 0.001*
Maternal age (y) 283+ 6.1 26 (17-39) 28 (37-39) 0.057*

Birthweight (g) 3161.9 + 537.5 3227.6 £ 503.2 3096.3 + 566.82 0.201*"
Gender, n (%)
Female 42 (38.2) 20 (36.4) 2 (40.0) -
Male 68 (61.8) 35 (63.6) 33 (60.0) '
Umbilical Cord Blood Sample (Cord)
COHb (%) 0.99 £ 0.18 1(0.90-1.10) 1(0.90-1.10) 0.222*
Hb (g/dL) 17.86 = 2.06 17.69 = 1.93 18.02 = 2.19 0.392**
T. Bil (mg/dL) 1.12 £ 0.61 1.13+£ 0.68 1.10 £ 0.53 0.852**
Capillary Blood Sample (Post Cord)
COHb (%) 0.91+0.18 0.90 (0.80-1.0) 0.90 (0.80-1.10) 0.028"
Hb (g/dL) 19.18 £ 2.54 19.27 £ 2.66 19.10 + 2.44 0.754**
T. Bil (mg/dL) 1.68 + 0.95 1.50 (0.80-2.10) 1.60 (1.20-2.20) 0.128*

Median(IQR), n(%), * : Mann Whitney U Test, **: Student t test, *** : Chi Square Test, p<0.05.

Abbreviations: COHb, Carboxyhemoglobin; CS, Cesarean Section; Hb, Hemoglobin ; NSVD, Normal Spontaneous Vaginal Delivery; T.bil,

Total bilirubin.

Table 3. Comparison of umbilical cord and post cord results of COHb, T.bil and Hb values between in NSVD and

spinal CS groups.

NSVD (n=55) Spinal CS (n=55)
Cord Post Cord Cord Post Cord
Median(IQR) Median (IQR) z p* Median (IQR) Median (IQR) z p
COHb (%) 1(0.9-1.1) 0.9(0.8-1.0) -4.27b 0.001 1(0.90-1.10) 0.9(0.8-1.1) -2.57b 0.010*
T.bil (mg/dL) 1.1(0.6-1.5) 1.5(0.8-2.1) -5.44c¢ 0.001 1.2(0.7-1.50) 1.6(1.2-2.2) -5.51c 0.001*
Hb (g/dL) 17.4(16.5-18.8) 19.1(16.9-21.3) -4.03¢ 0.001 18.3(16.1-19.5) 19.0(17.4-20.2) -2.97¢ 0.003*

Median (IQR), Arithmetic mean tstandard deviation; * Wilcoxon Signed Rank Test; p<0.05; b, based on positive ranks; c, based on negative

ranks; COHb, Carboxyhemoglobin; CS, Cesarean Section; Hb, Hemoglobin ; NSVD, Normal Spontaneous Vaginal Delivery; T.bil, Total

bilirubin.

No statistically significant difference was found between
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the groups in terms of birthweight, maternal age, APGAR
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scores, and gender (p>0.05).

There was a statistical difference between the groups ac-
cording to the mean of gestational age, and it was observed
that the mean of gestational age in the spinal CS group was
lower than in the NSVD group (38.304+1.2 and 39.16+1.39
respectively) (p=0.001).

Umbilical cord COHbD levels in the spinal CS group were
higher than in the NSVD group, but there was no statisti-
cally significant difference between groups (1.01£0.15 and
0.9940.20 respectively, p=0.22). Furthermore, the differ-
ences between groups in terms of mean bilirubin and Hb
levels in cord and post-cord were not statistically signifi-
cant (>0.05). However, it was determined that post-cord
COHD levels were higher than in the NVSD group, and
this difference was statistically significant (p=0.028) (Ta-
ble 2).

Additionally, it was found that the mean rank of COHb,
bilirubin, and Hb in cord and post-cord values were sta-
tistically significantly different between the groups (p <
0.05) (Table 3, Figure 2).

Discussion

In this study, we investigated neonates without hemolytic
risk factors and other co-existing risk factors for jaun-
dice, born by cesarean section or vaginal delivery affected
COHb, Hb, and bilirubin levels. When cord and post-cord
COHBD levels were compared, although they tended to de-
crease in both groups, post-cord COHb values were found
to be higher and statistically significant in the cesarean
section group compared to the NSVD group. There was
no statistically significant difference in terms of bilirubin
and Hb changes. However, the mean rank of COHb, biliru-
bin, and Hb in cord and post-cord values were statistically
significantly different between the groups (p < 0.05). It
was also revealed that the values obtained as a result of
the study were not clinically significant in terms of neona-
tal jaundice.

In the hemolytic process, mainly bilirubin load is formed
due to excessive heme metabolism, on the other hand, the
COHb molecule emerges as a by-product [7]. Many param-
eters of heme metabolism, such as bilirubin and COHb,
were investigated for the early detection of phototherapy
requirements in several studies [5-9]. Giiney Varal et al. [§]
investigated whether COHb levels could be an early pre-
dictor of the need for phototherapy in moderate and late
preterm infants as classified who required and did not re-
quire phototherapy. The infants consisted of ABO and/or
Rh incompatibility patients with positive and negative di-
rect Coombs test (DCT). Consequently, they found that
regardless of their DCT status, COHb measurement in
moderate and late preterm newborns can simply be used to
detect phototherapy requirements. The different aspects
of this study from ours in that it also included newborns
in the risk group and did not specify the newborn’s mode
of delivery.

Also, Tirag et al [9] studied whether cord blood COHDb lev-
els in jaundiced term neonates with and without a positive
direct Coombs test (DCT) and in healthy controls could
be used as a predictor of severe hyperbilirubinemia. They
could not prove that COHb levels were superior to DCT
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in anticipating the risk of developing severe hyperbiliru-
binemia in term infants.

In some of these studies, it has been examined if these
parameters which were predictors for hyperbilirubinemia
were related to especially anesthetic agents [10-16]. Clark
and Landaw [10] showed that the effect of birth anesthe-
sia, especially bupivacaine, was associated with neonatal
hyperbilirubinemia. They also suggested that bupivacaine
crosses the placenta, adheres to the erythrocyte mem-
brane, and facilitates its hemolysis, resulting in neonatal
hyperbilirubinemia. Similarly, Gale et al. [11] found that
a significant association between high bilirubin levels and
epidural anesthesia and CS in a study of 10,122 singleton
neonates. In another study, it was emphasized that anes-
thesia technique can be among the factors that may affect
neonatal jaundice [12].

However, some previous studies have not shown a rela-
tionship between different anesthetic agents and neonatal
hyperbilirubinemia [13-16]. In 1987, Gale et al. [13] stud-
ied the rate of bilirubin production via measurement of
COHDb and bilirubin levels in 43 neonates and whether
bupivacaine affected bilirubin and COHDb levels. The re-
sults showed that bupivacaine did not affect neonatal jaun-
dice. While neonates delivered with bupivacaine during
vaginal birth or cesarean section were included in their
study group, neonates born with other anesthetic agents
were included in the control group. The presence of other
anesthetic agents may be the reason why bupivacaine was
not found to have an effect on neonatal jaundice in their
study. However, in our study, the control group consisted
of neonates born with NSVD who were healthy and did
not receive any anesthetic agents during birth. Similarly,
in another study, Alkan et al. [14] conducted by comparing
the study group who were given various anesthetic agents
during birth with the control group who were not given any
anesthetic agent during NSVD, they found that anesthe-
sia did not affect bilirubin levels during the first 24 hours.
The difference between this study and from present study
was that only transcutaneous bilirubin levels were investi-
gated. However, we also examined the umbilical cord and
post-cord COHb, bilirubin, and Hb values.

Conclusion

To our knowledge, this is the first study to compare the
changes of COHDb, bilirubin, and hemoglobin values in the
first six hours of life among neonates who had no risk fac-
tors and were born by spinal CS versus NSVD. This study
did not reveal any significant evidence of hemolysis since
bilirubin levels did not increase pathologically and Hb val-
ues did not decrease. However, the mean rank of COHb,
bilirubin, and Hb in cord and post-cord values were sta-
tistically significantly different between the groups. This
study revealed that both cord and post-cord COHb means
were higher in the spinal CS group than in the NVSD
group, even though the difference in COHb mean in post-
cord was statistically significant. Therefore, it should be
kept in mind that the anesthetic agent may also be a factor
in bilirubin increases that occur in neonatal hyperbiliru-
binemia without an underlying risk factor. Our study had
limitations because the number of patients was not suf-
ficient to make a definitive decision. Prospective studies
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with larger sample sizes also include isoimmune hemolytic
diseases and other anesthetic agents that are needed to
better understand the effects of birth anesthesia on neona-
tal hyperbilirubinemia.

Conflict of interest

The author declared no conflict of interest.

FEthical approval

Ethics committee approval was received from the Karad-
eniz Technical University Institutional Ethics Committee
(2023/173).

References

1.

Kemper AR, Newman TB, Slaughter JL, et al. Clinical Prac-
tice Guideline Revision: Management of Hyperbilirubinemia in
the Newborn Infant 35 or More Weeks of Gestation. Pediatrics.
2022;150(3):€2022058859.

Kaplan M, Wong RJ, Burgis JC, Sibley E, Stevenson DK.
Neonatal Jaundice and Liver Diseases. In: Martin RJ, Fanaroff
AA Walsh MC, eds. Fanaroff and Martin’s Neonatal-Perinatal
Medicine: Diseases of the Fetus and Infant. 11th ed. Elsevier,
Philadelphia; 2020:1788-1851.

Hayashi M, Takahashi T, Morimatsu H, et al. Increased carbon
monoxide concentration in exhaled air after surgery and anes-
thesia. Anesth Analg. 2004;99(2):444-448.

Lozar Krivec J, Lozar Manfreda K, Paro-Panjan D. Clinical Fac-
tors Influencing Endogenous Carbon Monoxide Production and
Carboxyhemoglobin Levels in Neonates. J Pediatr Hematol On-
col. 2022;44(1):e84-e90.

Kaplan M, Gold V, Hammerman C, et al. Phototherapy
and photo-oxidation in premature neonates. Biol Neonate.
2005;87(1):44-50.

189

Original Article

10.

11.

12.

13.

14.

15.

16.

2024;31(8):185-189

. Lozar-Krivec J, Bratanic B, Paro-Panjan D. The role of car-

boxyhemoglobin measured with CO-oximetry in the detection of
hemolysis in newborns with ABO alloimmunization. J Matern
Fetal Neonatal Med. 2016;29(3):452-456.

. Bailey DGN, Fuchs H, Hentschel R. Carboxyhemoglobin - the

forgotten parameter of neonatal hyperbilirubinemia. J Perinat
Med. 2017;45(5):613-617.

. Guney Varal I, Mengi S, Dogan P, Tutanc M, Bostanci

M, Cizmeci MN. Elevated blood carboxyhemoglobin levels as
an early predictor of phototherapy requirement in moder-
ate and late preterm infants. J Matern Fetal Neonatal Med.
2020;33(8):1441-1446.

. Twrag M, Can E, Hamilgkan §. Role of Cord Blood Car-

boxyhemoglobin in Detecting Significant Hyperbilirubinemia in
Term Neonates with ABO Alloimmunization. Am J Perinatol.
2022;39(12):1321-1325.

Clark DA, Landaw SA. Bupivacaine alters red blood cell prop-
erties: a possible explanation for neonatal jaundice associated
with maternal anesthesia. Pediatr Res. 1985;19(4):341-343.
Gale R, Seidman DS, Dolberg S. Epidemiology of neonatal jaun-
dice in the Jerusalem population. J Pediatr Gastroenterol Nutr
.1990;10: 82-86.

De Amici D, Delmonte P, Martinotti L, et al. Can anesthesi-
ologic strategies for caesarean section influence newborn jaun-
dice? A retrospective and prospective study. Biol Neonate.
2001;79(2):97-102.

Gale R, Ferguson JE 2nd, Stevenson DK. Effect of epidural anal-
gesia with bupivacaine hydrochloride on neonatal bilirubin pro-
duction. Obstet Gynecol. 1987;70(5):692-695.

Alkan S, Tirag U, Dallar Y, Sunay D. Effect of anaesthetic agents
administered to the mothers on transcutaneous bilirubin levels
in the neonates. Acta Paediatr. 2010;99(7):993-996.

Jouppila R, Larva L, Jouppila P, Koivisto M, Pakarinen A. Ef-
fect of segmental epidural analgesia on neonatal serum biliru-
bin concentration and incidence of neonatal hyperbilirubinemia.
Acta Obstet Gynecol Scand. 1983;62(2):179-182.

Linn S, Schoenbaum SC, Monson RR, Rosner B, Stubblefield
PG, Ryan KJ. Epidemiology of neonatal hyperbilirubinemia. Pe-
diatrics. 1985;75(4):770-774.



