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We were quite interested in the paper published by Raghavan
et. al. which identified independent risk factors for general
anesthesia (GA) [1]. The authors concluded that inadequate
regional anesthesia (RA), abnormal fetal heart rate (aFHR),
and cord/fetal prolapse are the most modifiable risk factor
for GA during cesarean delivery (CD) [1]. However, the fail-
ure to identify maternal risk factors because of the selected
methodological and statistical approaches does justify a
closer examination of the study findings.

First, the sample size was calculated for ten potential
risk factors without discussing the variable selection cri-
teria for univariate analysis. However, the study lists 25
variables as indications of GA for CD (Table 3) [1]. As a
result, the study excluded some known risk factors from the
final analysis or grouped multiple risk factors into broader
categories (Table 6) [1], prohibiting the relationship evalu-
ation of independent individual maternal risk factors with
GA. Maternal risk factors such as morbidly adherent pla-
centa (MAP), preeclampsia, and HELLP syndrome are the
top three independent risk factors associated with GA [2]
and are well-known to be associated with preterm deliv-
ery, further influencing the choice of GA [2]. The exclu-
sion of maternal risk factors from the final analysis would
have resulted in an incorrect risk estimation for GA due to
gestational age. After adjusting for maternal risk factors,
Ring et al. concluded that for every one-week reduction in
gestational age at delivery, the odds of GA are increased
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by 13% [3]. Similarly, age, BMI, nulliparity, prior cesarean
delivery, and gestational hypertension are known risk factors
for GA that were not included in the final analysis [4]. As
already stated, the study does not include patients’ racial and
ethnic data. The role of race extends beyond a standalone
risk factor and demonstrated to be an “effect modifier” for
the relationship between other risk factors and GA [4]. The
risk of GA for patients with postpartum hemorrhage, severe
maternal morbidity, and labor without an epidural catheter
in situ significantly vary by race [4].

Second, the study identified fetal bradycardia and cord/
fetal prolapse as potentially modifiable risk factors for use
of GA in CD. However, according to the American Society
of Anesthesiology (ASA) Practice Guideline for Obstetric
Anesthesia, GA may be the most appropriate choice in some
circumstances such as profound fetal bradycardia, ruptured
uterus, severe hemorrhage, severe placental abruption, or
umbilical cord prolapse [5]. Categorizing emergent intra-
partum events, such as fetal bradycardia or cord/fetal pro-
lapse as “modifiable” risk factors for GA does not seem to
adequately account for these multifactorial and nuanced
situations that require immediate decision and intervention
for the health of the mother and fetus. The study results
show a 17% conversion rate from neuraxial anesthesia to
GA, which is substantially higher than the less-than-4% rate
reported in the literature [6]. Munro et al. published results
demonstrating large variations in the choice of anesthesia
for CD between community and tertiary care hospitals in
Canada [7]. They concluded that the observed difference
in GA rate between community and tertiary care hospitals
can be attributed to level of training, confidence, and skill
in placement and management of neuraxial blocks, thereby
directly influencing the rate of GA for CD [7]. Perhaps, the
high neuraxial anesthesia conversion rate reported by the
authors can be attributed to inter-institutional variation and
is an area for improvement of modifiable risk factors.
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Finally, there are some discrepancies and errors in the
data presented in the paper. The number of abnormal fetal
heart rates in the GA group is 54 in Table 2 [1], while the
number of abnormal fetal heart rates in the GA group is 38 in
Table 3 [1]. Similarly, the number of cord/fetal prolapse are
13 in Table 2 vs. 14 in Table 3 [1]. A clarification for these
discrepancies is needed, as well as a correction in Table 5,
where the N for the GA and RA are incorrectly assigned to
their respective groups [1]. The statistical modelling used in
the study may not be the best approach as it underestimates
the number of potential risk factors. The study is under-
powered due to small sample size, resulting in the exclusion
of important risk factors from the final model. An alterna-
tive strategy could have been to obtain up to 10 controls for
each case, which would have sufficiently powered the study
without the exclusion of important risk factors from the
final model [8]. The backward elimination method to build
the multivariable logistic regression model may not be the
best variable selection approach used in the study. Instead,
a stepwise variable selection approach would have resulted
in a more robust and reliable statistical model [9].

In conclusion, we congratulate the authors for highlight-
ing an important topic. However, due to above mentioned
limitation the study findings lack widespread application.
There is a strong need for a well-designed study to under-
stand the risk factors associated with the use of GA in CD.
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