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A B S T R A C T

Background: Neuraxial anesthesia use for cesarean delivery and neuraxial labor analgesia in the Balkans is low 
due to previous regional conflict and long-standing traditions. In 2012, Serbian anesthesiologists at the Uni
versity Clinical Center of Vojvodina initiated collaboration with Kybele, Inc. to improve obstetric anesthesia 
practices. A unique training experience was offered to anesthesiologists from Serbia and surrounding countries, 
facilitated by international experts. This study describes the intervention and changes in neuraxial anesthesia use 
from 2012 to 2025.
Methods: A one to two week hands-on and didactic obstetric anesthesia school was conducted annually or 
biannually from 2012 to 2025; in-person activities were interrupted from 2020 to 2022. Training included spinal, 
epidural and combined-spinal epidural techniques for cesarean delivery and labor analgesia, and truncal nerve 
blocks for postoperative pain control. Participant demographics and longitudinal trends in neuraxial anesthesia 
use for cesarean delivery and neuraxial labor analgesia were collected.
Results: 130 anesthesiologists from 41 hospitals across five countries attended the hands-on school; 36.2% 
participated multiple times. At University Clinical Center of Vojvodina, neuraxial anesthesia use for cesarean 
delivery increased from 13.8% in 2011 to 79.9% in 2025 (4.7% average annual rate of change; t value = 3.24; P 
= 0.006). Labor analgesia use increased from 2.0% to 14.1% (P < 0.001).
Conclusion: A longitudinal global health partnership supported obstetric anesthesia education and local training 
capacity. During this period, use of neuraxial anesthesia for cesarean delivery and neuraxial labor analgesia 
increased at University Clinical Center of Vojvodina.

Introduction

The use of neuraxial anesthesia for cesarean delivery (CD) and 

neuraxial labor analgesia has become common in the United States (US), 
United Kingdom and in Western Europe1–3 but its use remains limited in 
many Eastern European countries, including the Balkans.4 Neuraxial 
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anesthesia is known to be safer than general anesthesia (GA) for CD, in 
both high-resource and low- and middle-income countries (LMIC), and is 
the preferred anesthetic method in most clinical situations.5,6 In the 
Balkan countries, comprising former Yugoslavia, a decade of political 
unrest in the 1990s had detrimental effects on healthcare, resulting in 
variation in the quality and continuity of services. In Serbia, for 
example, GA has been used for CD almost exclusively and neuraxial 
labor analgesia was non-existent, except in one Belgrade hospital.4 Joint 
efforts of several Serbian anesthesiologists to improve obstetric anes
thesia standards in the region were limited by the engrained cultural and 
medical preferences for GA use for CD among obstetricians, patients, 
and anesthesiologists. These preferences, in addition to anesthesia 
workforce shortages, also restricted the administration of neuraxial 
labor analgesia.4 Furthermore, obstetric anesthesia residency education 
was limited. During a four-year anesthesiology training program in 
Serbia, residents spend only six weeks in a maternity hospital, where 
their experience is largely observational.4 Residents were only required 
to perform two neuraxial anesthetics and 10 GA techniques for CD and 
five neuraxial labor analgesia procedures. Limited faculty experience in 
providing obstetric neuraxial anesthesia hampered resident education, 
perpetuating the status quo.

To overcome local barriers, a School of Obstetric Anesthesia was 
established in 2012 at the University Clinical Centre of Vojvodina 
(UCCV) in Novi Sad, Serbia-largest city, in collaboration with Kybele, 
Inc., a US based non-profit organization dedicated to improving child
birth safety in LMIC through healthcare partnerships (www.kybeleworl 
dwide.org). UCCV is a tertiary obstetric referral hospital in Northern 
Serbia, conducting approximately 10% of Serbia's 60,000 births per 
year.7 The hospital provides inpatient and outpatient obstetric, 

gynecologic, and neonatal services with 230 beds, two obstetric oper
ating theatres, six labor and delivery rooms, six first stage labor beds, an 
obstetric ICU, and a neonatal unit. The School of Obstetric Anesthesia 
provided hands-on training targeting anesthesiologists at UCCV and the 
surrounding region. This work describes the evolution of the School of 
Obstetric Anesthesia in Serbia from 2012 to 2025. The primary objective 
of this study was to evaluate change in neuraxial anesthesia use for 
cesarean delivery at UCCV from 2012 to 2025.

Methods

In September 2012, four physicians representing Kybele (two anes
thesiologists, one obstetrician, and one neonatologist) were invited to 
UCCV, to understand local healthcare practices. A two-day medical 
conference and five days of clinical observations and teaching demon
strations of neuraxial anesthesia techniques for childbirth were con
ducted. A multi-year collaboration began to increase neuraxial 
anesthesia use for CD and neuraxial labor analgesia; a memorandum of 
understanding was signed between parties committing to annual 
training programs. A UCCV anesthesiologist was identified as the 
country host and liaison between stakeholders. In 2015, the country host 
attended the Society for Obstetric Anesthesia and Perinatology (SOAP) 
annual meeting and observed obstetric anesthesia practices in two US- 
based academic institutions (Wake Forest School of Medicine and 
Duke University Medical Center). The program timeline and imple
mentation framework are shown in Fig. 1.

Annual (2013–2025) or biannual (2015–2016) visits comprised five 
to ten days of hands-on clinical instruction and two days of didactic 
lectures on mutually determined topics. The School of Obstetric 

Fig. 1. Program development timeline and implementation framework (2012–2025). 
The figure represents the program development timeline (top panel) and the implementation framework (bottom panel) for the Serbian School of Obstetric Anes
thesia at the University Clinical Center of Vojvodina (UCCV). The figure illustrates the progression from initial needs assessment and partnership formation through 
longitudinal capacity building, regional expansion, adaptation during the COVID-19 pandemic with the associated implementation inputs, activities, and outputs. 
SOAP=Society for Obstetric Anesthesia and Perinatology, OR = operating room, NRP = newborn resuscitation program, ALSO = advanced life support in obstetrics, 
POCUS = point of care ultrasound.
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Anesthesia was accredited by the Serbian Medical Council in 2013, and 
approved by the UCCV hospital administration, allowing anesthesiolo
gists throughout Serbia and surrounding countries to participate. From 
2020 to 2022, the COVID-19 pandemic interrupted the hands-on 
component, but the didactic program continued virtually. Didactic lec
tures increasingly included local presenters and were modified each year 
based on local input and institutional progress. Over time, offerings 
included neonatal resuscitation program (NRP) training, Advanced Life 
Support in Obstetrics (ALSO), and point of care ultrasound (POCUS) 
utilizing manikins or volunteers.

Hands-on clinical instruction began with simulation models and 
transitioned to patients in the labor ward and operating room. Initially, 
clinical instruction targeted UCCV faculty before expanding training to 
physicians from other Serbian cities and surrounding countries. Course 
participation was limited to maximize individual learning and patient 
privacy; each patient provided informed consent prior to neuraxial 
anesthesia or nerve block administration. Training included spinal 
anesthesia for CD, labor epidural analgesia, combined spinal-epidural 
for labor analgesia and CD, quadratus lumborum and transverse 
abdominis block administration for postoperative pain control, and 
managing the complications thereof. Local medical licensure was un
necessary for short term visiting clinicians provided patient care was 
conducted alongside a local physician; however, one visiting expert 
received a six-month US Fulbright International Exchange scholarship in 
2015 and obtained local licensure.

An obstetric anesthesiology manual (Supplement 1) was developed 
in 2013–2014, derived from evidence-based practices at established US 
training institutions, to provide instructional continuity. The manual 
guided visiting training teams and served as a reference to the local 
physicians between visits. Initially, Kybele provided an epidural cart, 
two synthetic models for practicing epidural placement, and consum
able epidural and airway supplies. Later, the hospital administration 
provided a sustained supply of pencil point needles, disposable epidural 
kits, monitoring devices, and syringe infusion pumps.

Briefings with the obstetric department chairman and hospital ad
ministrators were regularly held to discuss program effectiveness and to 
advocate for system-level change including personnel utilization, staff
ing schedules and resources for neuraxial anesthesia. Local media 
highlighted the international collaboration and the Obstetric Anaes
thetists' Association's (OAA) patient brochure on anesthetic choices for 
vaginal and CD was translated to Serbian.

Data was collected retrospectively from paper-based hospital records 
on obstetric neuraxial anesthesia and analgesia use at UCCV from 2012 
to 2025. After UCCV Ethics Committee approval (reference # 00–59; 
January 31, 2025), data was extracted from logbooks, de-identified, 
entered in Microsoft Excel (Microsoft, Redmond, WA), and verified by 
a research assistant unaffiliated with the training program. Logbooks, 
kept in designated locations in the obstetrics unit, were recorded upon 
each day by providers following completion of CD or neuraxial labor 
analgesia. Data completeness and accuracy were dependent on the 
provider entering the correct details. Individual patient folders were not 
reviewed and informed consent was not required for secondary-level 
data analysis. Delivery numbers were obtained from a separate obstet
ric registry.

Data included the number and mode of deliveries, number and type 
of anesthesia for elective and non-elective CDs, number of neuraxial 
labor analgesia procedures, and number of postoperative truncal nerve 
blocks. The procedural inclusion criteria were all patients undergoing 
CD and all patients administered neuraxial labor analgesia. The sample 
sizes were determined by data availability. The School of Obstetric 
Anesthesia and Kybele provided attendee data on country and city of 
residence, hospital affiliation, sex, specialty, and training level.

The annual number and proportion of neuraxial anesthesia tech
niques administered for CD were summarized overall and by elective 
and non-elective indications. Techniques included spinal, labor epidural 
top-ups, and combined-spinal epidural anesthesia. Failed neuraxial 

techniques were categorized as GA. Labor epidural analgesia extended 
for CD was counted in both labor analgesia and neuraxial anesthesia 
categories. The secondary study objective was to evaluate use of neu
raxial labor analgesia, therefore, the annual proportion of deliveries 
using these techniques was also summarized. Data were analyzed with 
SPSS (version 29.0.1). Auto-Regressive Integrated Moving Average 
(ARIMA) assessed the annual rate of change in neuraxial anesthesia use 
for CD. Chi-square assessed change in neuraxial labor analgesia with p <
0.05 considered statistically significant. This quality improvement based 
study adhered to SQUIRE 2.0 reporting guidelines.8

Results

From 2012 to 2025, 130 individuals attended the hands-on School of 
Obstetric Anesthesia. Of these, 109 (83.8%) were female and 47 (36.2%) 
attended more than once. The average number of attendees per course 
was 18.4 (range 9–32) with 69 (53.1%) anesthesiology specialists and 
61 (46.9%) resident physicians. Attendees represented 41 hospitals 
across Serbia, Montenegro, Bosnia and Herzegovina, Croatia, and 
Kosovo. Following training, attendees initiated obstetric anesthesia 
schools at other institutions in Bosnia and Herzegovina, Serbia, and 
North Macedonia, supported by hands-on mentoring from Kybele and 
local trainers. Fig. 2 depicts the geographic distribution of participation.

During the hands-on workshops, procedures included 230 spinal 
anesthetics for CD, 229 epidural or combined-spinal epidural procedures 
for labor analgesia, and 89 truncal nerve blocks for postoperative pain 
control. There were four (1.7%) inadvertent dural punctures, managed 
as spinal catheters, without post-dural puncture headache.

From 2012 to 2019, 60–70 individuals per year attended the in- 
person didactic training component; however, during the COVID-19 

Fig. 2. Geographic spread of participants and obstetric anesthesia schools. 
The red stars represent the cities from which participants originated to attend 
the School of Obstetric Anesthesia in Novi Sad. The yellow circles represent the 
locations of all the Schools of Obstetric Anesthesia. The yellow circles with red 
stars represent both.
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pandemic (2020− 2021), virtual meetings were held. This yielded 
greater participation, therefore, hybrid learning sessions (in-person and 
virtual) were conducted thereafter. Table 1 shows the demographic 
distribution of the attendees since 2020.

Between 2012 and 2025, 25 Kybele teams visited the Balkans. The 
faculty included 94 individuals of whom 62 (65.9%) were female and 32 
(34.0%) participated more than once. Faculty comprised of 66 anes
thesiologists (including 18 anesthesiology fellows and 11 residents), 12 
family medicine physicians (including six residents), four obstetricians, 
three neonatologists, and nine participants from other disciplines. They 
represented 47 academic institutions across six countries (US, Canada, 
England, Scotland, Austria, and Poland). Kybele faculty taught at UCCV 
and at hospitals in 11 other Balkan cities where hands-on and didactic 
obstetric anesthesia workshops were conducted (Fig. 2).

The annual number of deliveries at UCCV was relatively consistent 
over time. The mean number and range of deliveries was 6553 (range 
6184–6883), including 4284 (4127–4539) vaginal deliveries and 2268 
(1889–2625) CDs. The CD rate increased from 30.5% to 38.0%. UCCV 
had 22 anesthesiology faculty, of whom 16 (72.7%) were female, and 33 
anesthesiology residents, of whom 27 (81.8%) were female.

At UCCV, the use of neuraxial anesthesia for CD increased over time. 
In 2011, 261 neuraxial anesthetics were administered for 1889 CD 
(13.8%) compared to 1939 for 2428 CD (79.9%) in 2025, with a 4.7% 
average annual rate of increase (t value = 3.24; P = 0.006) (Fig. 3). 
Neuraxial anesthesia use increased in both elective and non-elective CD 
(Fig. 3). The average annual rate of increase was 4.9% (t value = 3.23, P 
= 0.007) for elective and 4.6% (t value = 3.28, P = 0.006) for non- 
elective CD. In 2011, the highest neuraxial anesthesia rate for any 
UCCV faculty was 20.2%, whereas in 2025, 58.1% was the lowest.

The use of neuraxial labor analgesia followed a non-linear pattern 
(Fig. 4). There was an increase from 2011 to 2015 and again from 2021 
to 2025, with decreasing use from 2016 to 2020. Comparing 2011 to 
2025, there was an increase in the use of neuraxial labor analgesia from 
2.0% to 14.1% (P < 0.001).

Discussion

Over the 14 year project period, neuraxial anesthesia use for CD at 
UCCV increased from 13.8% to 79.9%, with increases for both elective 
and non-elective procedures. Neuraxial labor analgesia also increased, 
although its use remained lower and varied over time. Concurrently, the 
School of Obstetric Anesthesia developed into a regional training hub 
attended by 130 anesthesiologists from five countries. These findings 
describe sustained changes in anesthesia practice and training capacity 
but do not establish improvements in care quality or patient outcomes.

The increase in neuraxial anesthesia use for CD extends a previous 
report from UCCV which found that after four years, the use of neuraxial 
anesthesia for CD increased from 13.8% to 25.0%.9 In contrast, the 
present study found that neuraxial anesthesia use for CD increased to 
79.9%, suggesting that system-level adoption may require additional 
time for local experience, staffing, supplies, and institutional support 

mechanisms to gradually develop. Among providers, the 14-fold in
crease in neuraxial anesthesia use for non-elective CD is encouraging 
and may have been related to more frequent use of the technique during 
elective procedures.

Neuraxial labor analgesia increased less consistently than neuraxial 
anesthesia for CD. Several contextual factors may explain this differ
ence. A government-funded incentive for providing labor analgesia 
ended in 2017, and anesthesia providers were reassigned to COVID-19 
treatment centers from 2020 to 2022. Neuraxial anesthesia for CD was 
increasingly perceived as a safer anesthetic option enhancing the up
take, whereas neuraxial labor analgesia continued to be viewed as 
elective in a setting where labor pain was often considered “normal.” 
Staffing also remained a consistent constraint: anesthesiologists had 
competing operating-theater responsibilities, particularly at night, and 
Serbia had the lowest anesthesia-provider density (10.7/100,000) 
among countries included in a recent Eastern European workforce 
report.4

The World Federation of Societies of Anaesthesiologists' declaration 
on labor analgesia identifies childbirth pain relief as a fundamental right 
and calls for broader global availability.10 Anesthesia involvement on 
the labor ward can support multidisciplinary care, and neuraxial labor 
analgesia has been associated with lower maternal morbidity in obser
vational studies.11–13 Nevertheless, the provision of neuraxial labor 
analgesia remains low in several Eastern European middle-income 
countries.4,14–16

Drawing upon implementation science and quality improvement 
research, the differing patterns of clinical adoption for neuraxial anes
thesia use for CD and neuraxial labor analgesia were likely influenced by 
individual, cultural, organizational, and health-system factors.17–19

Within this framework, key barriers and facilitators impacting obstetric 
anesthesia capacity building in LMIC can be constructed from the 
literature (Table 2).4,9,20–23 Various barriers were addressed through 
this partnership, for example, hands-on training and bedside coaching in 
neuraxial anesthesia administration built local confidence. As lead cli
nicians changed their practice patterns, negative attitudes shifted to 
interdisciplinary acceptance. The initial equipment support from Kybele 
transitioned to host hospital administrators, who consistently supplied 
spinal needles, epidural kits, and infusion pumps. Finally, patient 
awareness campaigns and counseling may have fostered demand. In 
contrast, staffing shortages, competing clinical duties, financial disin
centives, and cultural attitudes toward labor pain likely remained as 
barriers in regard to neuraxial labor analgesia.

The School of Obstetric Anesthesia was initiated by Serbian anes
thesiologists who sought external collaboration to expand local obstetric 
anesthesia expertise. Hosted at a high-volume referral hospital, it com
bined repeated hands-on instruction with local leadership and partici
pation from anesthesiologists across multiple countries. Over time, 
participants became trainers and established additional programs, 
extending an earlier report from UCCV9 and demonstrating the reach of 
a hub-based educational model.

Longitudinal global health collaborations have been associated with 
an increased use of obstetric neuraxial techniques in other 
settings.14–16,24,25 Although single, short-term educational efforts can 
increase performance,14 longer ongoing collaborations have achieved 
better results.15,16,24,25 Kybele and others have found that on-site visits 
and in-person training are critical for building relationships and 
strengthening local capacity, 9,26,27 while emerging implementation 
science literature suggests that training without ongoing mentorship is 
unlikely to yield sustained impact.28 Features described as important to 
equitable and sustainable global health partnerships include having 
engaged local champions, culturally appropriate teaching, adaptable 
visiting faculty, shared decision-making, and continued rein
forcement.29–31 These features were incorporated into this initiative, 
while responsibility for teaching, equipment, and supplies progressively 
shifted toward local clinicians and hospital leadership.

Several important limitations need consideration in interpreting the 

Table 1 
School of Obstetric Anesthesia didactic training participation per year.

Participant profile 2020 2021 2022 2023 2024 2025

Number of participants 71 100 108 105 133 92
Sex (Male/Female) 19/ 

52
27/ 
73

24/ 
84

n/a 30/ 
103

25/ 
67

Number of institutions 
represented

30 41 47 n/a 38 49

Number of cities 27 34 40 n/a 49 33
Number of countries 8 8 5 n/a 7 10

Didactic training was virtual in 2020–2021, and hybrid (virtual and in-person) 
2022–2025. In 2023, data was not available (n/a) due to an internet failure 
with subsequent data loss. From 2012 to 2019, 60–70 individuals per year 
participated in-person didactic sessions.
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findings. First, this was quality improvement-based, single-center study 
without a comparison group, thus limiting attribution of the observed 
changes to the intervention. It is unknown whether factors such as na
tional policy change or regional trends in obstetric anesthesia practice 
across Eastern Europe may have influenced results at UCCV and other 
hospitals in the region. Data are available from several hospitals; how
ever, we are unable to report findings due to ethical clearance limita
tions. Beyond the training activities, other factors may have contributed 
to the adoption of neuraxial techniques, such as anesthesia staffing, 
supply procurement, faculty turnover, sex, COVID-related disruptions, 
and post-pandemic recovery. Finally, there is the potential for recording 
bias in a setting that was actively promoting neuraxial anesthesia use.

Conclusion

Neuraxial anesthesia use for CD and neuraxial labor analgesia 
increased over the 14-year study period. These findings are consistent 
with the goals of a long-term global health partnership that supported 
local training capacity and obstetric anesthesia education.

Declaration of generative AI and AI-assisted technologies in the 
manuscript preparation process

During the preparation of this work, the authors used ChatGPT for 
assistance in creating Fig. 1. After using this tool, the authors reviewed 
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