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Neuraxial anesthesia is considered the gold standard for 
anesthesia in cesarean deliveries because of its advantag-

es for both mother and baby [1]. However, one of the absolute 
contraindications for neuraxial anesthesia is patient refusal. 
In our tertiary medical center approximately 1200 elective 
cesarean deliveries are performed annually, yet the neuraxi-
al anesthesia rate is lower than recommended and was about 
42% in 2019, mostly due to patient refusal. The population in 
our region is composed of Jews and Bedouin Arabs. While the 
Jewish population represents any Western society, the Bedouin 
Arabs are a traditional society [2]. The Bedouin culture attri-
butes a great importance to familial and tribal cohesiveness 
and to high fertility. While prenatal diagnostic services are 
available, they are generally under-utilized by the Bedouins, 
mainly due to religious restrictions [3]. The low rate of spi-
nal anesthesia may reflect the reluctance of the predominant 
conservative Bedouin Arab parturients to be awake during sur-
gery and their fear of postoperative neurological injury after 
neuraxial anesthesia [4,5]. As a result, both obstetricians and 
anesthesiologists had become accustomed to working under 
general anesthesia.

On 15 February 2020, Israel began to implement restrictions 
to minimize the spread of the severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2). The Israeli Obstetric Anesthe-
sia Society, in parallel to other organizations, recommended 
avoiding general anesthesia to minimize possible transmission 
to healthcare workers and to optimize anesthesia provision for 
cesarean delivery [6,7]. In line with this recommendation, we 
aimed to minimize general anesthesia for cesarean delivery 
through system changes. 

In the present study, we compare the neuraxial anesthesia 
rates in our cesarean delivery population before and during the 
SARS-CoV-2 pandemic.
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ABSTRACT  Background: Our hospital used to perform cesarean delivery 

under general anesthesia rather than neuraxial anesthesia, 

mostly because of patient refusal of members of the conser-

vative Bedouin society. According to recommendations imple-

mented by the Israeli Obstetric Anesthesia Society, which were 

implemented due to the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) pandemic, we increased the rate 

of neuraxial anesthesia among deliveries. 

  Objectives: To compare the rates of neuraxial anesthesia in our 

cesarean population before and during SARS-CoV-2 pandemic.

  Methods: We included consecutive women undergoing an elec-

tive cesarean delivery from two time periods: pre-SARS-CoV-2 

pandemic (15 February 2019 to 14 April 2019) and during the 

SARS-CoV-2 pandemic (15 February 2020 to 15 April 2020). We 

collected demographic data, details about cesarean delivery, 

and anesthesia complications. 

  Results: We included 413 parturients undergoing consecutive 

elective cesarean delivery identified during the study periods: 

205 before the SARS-CoV-2 pandemic and 208 during SARS-

CoV-2 pandemic. We found a statistically significant difference in 

neuraxial anesthesia rates between the groups: before the pan-

demic (92/205, 44.8%) and during (165/208, 79.3%; P < 0.0001). 

  Conclusions: We demonstrated that patient and provider edu-

cation about neuraxial anesthesia can increase its utilization. 

The addition of a trained obstetric anesthesiologist to the team 

may have facilitated this transition. 
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PATIENTS AND METHODS

SETTING

The retrospective study was conducted in a tertiary medical cen-
ter in Beer Sheva, a city in Southern Israel. The hospital has 
17,000 deliveries yearly.

ETHICS

The local institutional board approved the study (Approval num-
ber 0175-20-SOR).

INCLUSION CRITERIA

Consecutive women undergoing an elective cesarean delivery 
were identified from two time periods: pre-SARS-CoV-2 pan-
demic 15 February 2019 to 14 April 2019 and during the SARS-
CoV-2 pandemic15 February 2020 to 15 April 2020.

EXCLUSION CRITERIA

Emergency cesarean delivery was considered an exclusion 
criterion.

STRATEGIES TO INCREASE UTILIZATION OF NEURAXIAL 

ANESTHESIA FOR CESAREAN DELIVERY

First, the obstetric anesthesia team underwent education to 
understand Bedouin traditions and cultural norms. The same 
team implemented an awareness and training program through 
daily verbal briefings to all obstetricians, nurses, and anes-
thesiologists involved in that day’s daily deliveries. In the 
preoperative ward before the cesarean delivery, the obstetric 
anesthesiologist also met the parturient and her husband and 
gave a detailed explanation on advantages of neuraxial anes-
thesia for cesarean delivery (earlier baby contact, decreased 
postoperative pain) and quantified risk of neurological injury 
after neuraxial anesthesia (1:35,923) [8]. The physician then 
emphasized the importance of avoiding general anesthesia 
in particular during the pandemic (avoiding airway manipu-
lation, decreasing need for mechanical ventilation). In cases 

of language barriers, a dedicated translator was provided. At 
the time of the study there was no institutional guidelines on 
type of anesthesia for elective cesarean delivery; however, all 
parturients were informed that neuraxial anesthesia was the 
preferred mode of anesthesia. 

SOURCE

Data were collected from the electronic medical data. Data col-
lected include demographic data (age, gravidity, parity, body 
mass index, ethnicity), cesarean delivery details (cesarean de-
livery number, type of anesthesia), and anesthesia complica-
tions (difficult intubation, prolonged mechanical ventilation, 
failed neuraxial anesthesia, postdural puncture headache or 
neurological injury).

OUTCOMES

The primary outcome was to compare the rates of neuraxial an-
esthesia between the two time periods.

STATISTICAL ANALYSIS

All datasets were tested for normality using QQ-plots and Sha-
piro normality test. Parametric continuous data were compared 
using t-test. Continuous non-parametric data were compared 
using Mann-Whitney test. Categorial data were compared using 
chi-square test. P < 0.05 was considered statistically significant. 
Continuous data are presented as median (1st quartile, 3rd quar-
tile) and categorical data are presented as n/N (%). All statistical 
calculations were performed using R (version 1.2.5033) [9].

RESULTS

A total of 413 parturients underwent consecutive elective cesarean 
delivery identified during the study periods; 205 before the SARS-
CoV-2 pandemic and 208 during the SARS-CoV-2 pandemic.

There was no difference in any demographic data between 
groups [Table 1].

We found a statistically significant difference in neuraxial 
anesthesia rates between the groups–before the SARS-CoV-2 

Table 1. Demographic data. Data are presented as median (1st quartile, 3rd quartile)

Period during SARS-CoV-2 pandemicPeriod before the SARS-CoV-2 pandemic

33 (28; 36)32 (28; 36)Age, years

4 (3; 6)4 (2; 6)Gravity, n

2 (1; 4)2 (1; 3)Parity, n

2 (1; 3)2 (1; 3)Number of cesarean deliveries, n

32 (28; 35)29 (26; 35)Body mass index, n 

208205Number of parturients

SARS-CoV-2 = severe acute respiratory syndrome coronavirus-2
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Figure 1. Relative number of spinal anesthesia per week during severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)

pandemic: 92/205 (44.8%) and during the SARS-CoV-2 pan-
demic: 165/208 (79.3%) P < 0.0001. Neuraxial anesthesia rates 
are presented in Figure 1.

No complications of general or neuraxial anesthesia were re-
corded during the study periods.

DISCUSSION

We collected data on anesthesia for elective cesarean deliver-
ies in a period before the SARS-CoV-2 pandemic and during 
the SARS-CoV-2 pandemic. We found a significant increase 
in rates of neuraxial anesthesia when comparing the two 
time periods. 

With the onset of the pandemic, the obstetric anesthesia team 
decided to implement a strategy to avoid general anesthesia de-
spite previous cultural reluctance by our patients. Previous na-
tional surveys have shown that our medical center’s rate of gener-
al anesthesia was one of the highest in Israel with 75% in elective 
and 80% in urgent cesarean deliveries, yet this was not previously 
addressed [10]. Bedouin parturients, a conservative nomadic so-
ciety, are reluctant to see physicians and therefore lack prenatal 
care and have a relatively increased risk for obstetrical compli-
cations including preterm deliveries, low birth weight, and high 
perinatal mortality rate [2]. Studies performed in other countries 
have shown that immigrant and/or minority status are both asso-
ciated with increased general anesthesia rate [11,12].

General anesthesia has been shown to be associated with 
worse outcomes, including significantly increased risk of anes-
thesia complications (adjusted odds ratio 1.6, 95%CI 1.4–1.9), 
severe complications (adjusted odds ratio 2.9. 95%CI 1.6–5.2), 
surgical site infection (adjusted odds ratio 1.7, 95%CI 1.5–
2.1), and venous thromboembolism (adjusted odds ratio 1.9, 
95%CI 1.3–3.0) [13,14]. In addition, a recent study showed 
that general anesthesia was associated with an increased rate 
of postpartum depression.

We believe that the success of our program during the SARS 
CoV-2 pandemic occurred for two reasons. The first was be-
cause of patient fears of mechanical ventilation during the pan-
demic. At the time of the pandemic, the number of COVID-19 
patients ventilated was reported daily on all news reports, which 
may have led to reticence about ventilation. Second, the detailed 
explanation to patients and their husbands via a dedicated trans-
lator made relaying information easier. 

Another change seen in the obstetric anesthesia team was 
the addition of a trained obstetric anesthesiologist to the team. 
Indeed, obstetric anesthesiology training has been shown to 
be a factor in minimizing general anesthesia in cesarean de-
livery [15,16]. We believe that the period was a trigger for the 
implementation of the change and the change will continue 
and become sustainable in our institution. We plan to test the 
satisfaction of the patients who have undergone both general 
anesthesia and neuraxial anesthesia.
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LIMITATIONS

This was a retrospective single center study with a very specific 
patient population; therefore, it may not be applicable in other 
centers with different populations. We did not address intrapar-
tum cesarean delivery. The rate of labor epidural analgesia is 
currently among the lowest in Israel. The continuum between 
labor analgesia and conversion to cesarean delivery anesthesia 
is recognized, and this is an area we intend to address.

CONCLUSIONS

Patient and provider education about neuraxial anesthesia was 
associated with an increased use. The addition of a trained ob-
stetric anesthesiologist to the team may have facilitated this 
transition. The improvement is gradual but is starting to ap-
proach the accepted rate in developed countries.

Correspondence

Dr. Y. Binyamin
Dept. of Anesthesiology, Soroka Medical Center, and Faculty of Health Sciences, Ben-
Gurion University of the Negev, Beer Sheva 52621, Israel
Phone: (972-8) 640-0262
Fax: (972-8) 640-3795
email: yairben1@gmail.com

References

1.  Kim WH, Hur M, Park SK, et al. Comparison between general, spinal, epidural, 
and combined spinal-epidural anesthesia for cesarean delivery: a network meta-
analysis. Int J Obstet Anesth 2019; 37: 5-15.

2.  Abu-Ghanem S, Sheiner E, Sherf M, Wiznitzer A, Sergienko R, Shoham-Vardi I. 
Lack of prenatal care in a traditional community: trends and perinatal outcomes. 
Arch Gynecol Obstet 2012; 285:1237-42.

3.  Sheiner E, Shoham-Vardi I, Weitzman D, Gohar J, Carmi R. Decisions regarding 
pregnancy termination among Bedouin couples referred to third level ultrasound 

clinic. Eur J Obstet Gynecol Reprod Biol 1998; 76 (2): 141-6.
4.  Sheiner E, Shoham-Vardi I, Ohana E, Segal D, Mazor M, Katz M. Characteristics 

of parturients who choose to deliver without analgesia. J Psychosom Obstet 
Gynecol 1999; 20:165-9.

5.  Estis-Deaton A, Sheiner E, Weinstock T, Landau D, Walfisch A. The association 
between inadequate prenatal care and future healthcare use among offspring in 
the Bedouin population. Int J Gynaecol Obstet 2017; 139: 284-9.

6.  Kranke P, Weibel S, Sitter M, Meybohm P, Girard T. Obstetric anesthesia during 
the SARS-CoV-2 pandemic - a brief overview of published recommendations 
for action by national and international specialist societies and committees. 
Anaesthesiol Intensivmed Notfallmed Schmerzther 2020; 55: 266-74. 

7.  Bauer M, Bernstein K, Dinges E, et al. Obstetric anesthesia during the COVID-19 
pandemic. Anesth Analgesia 2020; 131 (1): 7-15

8.  D’Angelo R, Smiley RM, Riley ET, Segal S. Serious complications related to 
obstetric anesthesia: the serious complication repository project of the Society for 
Obstetric Anesthesia and Perinatology. Anesthesiology 2014; 120: 1505-12.

9.  R Core Team. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing 2013. [Available from http://www.R-project.
org/].

10.  Shatalin D, Weiniger CF, Buchman I, Ginosar Y, Orbach-Zinger S, Ioscovich A. 
A 10-year update: national survey questionnaire of obstetric anesthesia units in 
Israel. Int J Obstet Anesth. 2019; 38: 83-92. 

11.  Butwick AJ, Blumenfeld YJ, Brookfield KF, Nelson LM, Weiniger CF. Racial and 
ethnic disparities in mode of anesthesia for cesarean delivery. Anesth Analg 2016; 
122: 472-9.

12.  Lange EMS, Rau S, Toledo P. Racial and ethnic disparities in obstetric anesthesia. 
Semin Perinatol 2017; 41: 293-8.

13.  Guglielminotti J, Landau R, Guohua L. adverse events and factors associated 
with potentially avoidable use of general anesthesia in cesarean deliveries. 
Anesthesiology 2019; 130: 912-22.

14.  Guglielminotti J, Guohua Li. Exposure to general anesthesia for cesarean delivery 
and odds of severe postpartum depression requiring hospitalization. Anesth 
Analgesia 2020; 131 (5): 1421-9.

15.  Wagner JL, White RS, MauerEA, Pryor KO, Kjaer K. Impact of anesthesiologist’s 
fellowship status on the risk of general anesthesia for unplanned cesarean delivery. 
Acta Anaesthesiol Scand 2019; 63: 769-74.

16.  Bjornestad E.E., Haney M.F. An obstetric anaesthetist—A key to successful 
conversion of epidural analgesia to surgical anaesthesia for caesarean delivery? 
Acta Anaesthesiol Scand 2020; 64: 142-4.

Capsule

An invariant Trypanosoma vivax vaccine antigen induces protective immunity

Trypanosomes are protozoan parasites that cause 
infectious diseases, including African trypanosomiasis 
(sleeping sickness) in humans and nagana in economically 
important livestock. An effective vaccine against 
trypanosomes would be an important control tool, but 
the parasite has evolved sophisticated immunoprotective 
mechanisms, including antigenic variation, which present 
an apparently insurmountable barrier to vaccination. 
Autheman et al. showed, using a systematic genome-led 
vaccinology approach and a mouse model of Trypanosoma 
vivax infection, that protective invariant subunit vaccine 
antigens can be identified. Vaccination with a single 
recombinant protein comprising the extracellular region of 
a conserved cell-surface protein that is localized to the 

flagellum membrane (which the authors termed ‘invariant 
flagellum antigen from T. vivax’) induced long-lasting 
protection. Immunity was passively transferred with 
immune serum, and recombinant monoclonal antibodies 
to this protein could induce sterile protection and revealed 
several mechanisms of antibody-mediated immunity, 
including a major role for complement. This discovery 
identified a vaccine candidate for an important parasitic 
disease that has constrained socioeconomic development 
in countries in sub-Saharan Africa, and provides evidence 
that highly protective vaccines against trypanosome 
infections can be achieved.
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