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Abstract

The unmet need for pediatric surgery imposes enormous health and economic consequences

globally, predominantly shouldered by Sub-Saharan Africa (SSA) where children comprise

almost half of the population. Lack of knowledge about the economic impact of improving pedi-

atric surgical infrastructure in SSA inhibits the informed allocation of limited resources towards

the most cost-effective interventions to bolster global surgery for children. We assessed the

cost-effectiveness of installing and running two dedicated pediatric operating rooms (ORs) in a

hospital in Nigeria with a pre-existing pediatric surgical service by constructing a decision tree

model of pediatric surgical delivery at this facility over a year, comparing scenarios before and

after the installation of the ORs, which were funded philanthropically. Health outcomes mea-

sured in disability-adjusted life years (DALYs) averted were informed by the hospital’s operative

registry and prior literature. We adopted an all healthcare payor’s perspective including costs

incurred by the local healthcare system, the installation (funded by the charity), and patients’

families. Costs were annualized and reported in 2021 United States dollars ($). The incremen-

tal cost-effectiveness ratios (ICERs) of the annualized OR installation and operation were pre-

sented. One-way and probabilistic sensitivity analyses were performed. We found that

installing and operating two dedicated pediatric ORs averted 538 DALYs and cost $177,527

annually. The ICER of the ORs’ installation and operation was $330 per DALY averted (95%

uncertainty interval [UI] 315–336) from the all healthcare payor’s perspective. This ICER was

well under the cost-effectiveness threshold of the country’s half-GDP per capita in 2020

($1043) and remained cost-effective in one-way and probabilistic sensitivity analyses. Installa-

tion of additional dedicated pediatric operating rooms in Nigeria with pre-existing pediatric sur-

gical capacity is therefore very cost-effective, supporting investment in children’s global

surgical infrastructure as an economically sound intervention.
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Introduction

The Lancet Commission on Global Surgery strengthened the recognition of surgical care as an

essential healthcare intervention in low- and -middle-income countries (LMICs). However,

children’s surgery has been dubbed the “unborn, neglected stepchild of global health” [1]. The

persistent perception of surgery in LMICs as prohibitively expensive is a leading factor limiting

investment in this area. As a result, 1�7 billion children continue to lack access to surgical care

worldwide, with 65% or 1�1 billion of them residing in LMICs [2]. This issue particularly

affects Sub-Saharan Africa (SSA), where 47% of the population is under 15 years old [3].

Inadequate pediatric surgical care leads to preventable years of life lost and years lived with

disability [4]. A 5-year retrospective review of 1,313 neonatal admissions to a Ugandan hospi-

tal estimated 98% unmet needs in treating congenital anomalies [5]. A cohort study spanning

19 SSA countries found that infant mortality from pediatric surgical conditions was markedly

higher than that of high-income countries (HICs), especially for gastroschisis (76% vs 20%)

and anorectal malformations (11% vs 3%) [6].

Nigeria is the most populous country in SSA, with an estimated population of 211 million

and approximately half of whom are aged 18 or younger. Although pediatric surgery is a cre-

dentialed subspecialty, the burden of pediatric surgical disease in Nigeria remains largely

unmet as this service is only provided by a select few hospitals [7]. A nationwide community

survey of 1,883 children identified 81 surgical diagnoses and an estimated 2�9 million children

were living with surgically correctable diseases in the country [8]. Therefore, increasing the

pediatric surgical capacity in this country is a high priority.

The cost-effectiveness of a wide range of pediatric surgical conditions in LMICs has been

previously reported [9, 10]. However, this work analyzed specific operations which may be

more difficult to apply to strategic health systems development. For example, a cleft repair can

be funded widely across LMICs in a vertical approach with substantial economic benefit, but

this approach cannot tackle a broad range of diseases encountered by children [11].

Charity Kids Operating Room (KidsOR) is a non-governmental organization (NGO) with a

primary goal to improve the pediatric surgical capacity in LMICs [12]. KidsOR adopts a multi-

faceted strategy that includes support for pediatric surgical trainees and the installation of ded-

icated pediatric operating rooms (ORs) in LMIC hospitals [13]. In their Africa Action Plan,

KidsOR outlined their commitment to install over 100 dedicated pediatric ORs as part of their

capacity building efforts by 2030 [14]. The intervention was highly cost-effective in the first

dedicated pediatric OR installation in Uganda, but the results have not been validated or repli-

cated elsewhere [15]. Here we report a CEA of the installation of two dedicated pediatric ORs

to a pre-existing pediatric surgical service in Nigeria in a hospital that did not previously have

dedicated pediatric OR space.

Methods and materials

Study setting and participants

The study was set in a 450-bed national referral hospital in Nigeria that accepted patients from

across the country and in the West SSA region. The study site is a government hospital that

accepts predominantly indigent patients in a low-income country with little to no health insur-

ance, therefore necessitating substantial out-of-pocket medical costs. Facilities included a neo-

natal unit and pediatric surgery service staffed by three accredited pediatric surgeons but

initially had no dedicated pediatric ORs. A dedicated pediatric OR is defined as a designated

operating space exclusively for children (and not shared by adult services) that is fully

equipped with the necessary anesthetic and surgical instruments and devices designed for
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pediatric surgeries. In August 2019, two dedicated pediatric operating rooms were installed

philanthropically within the hospital grounds to bolster its pediatric surgical infrastructure

and alleviate the surgical backlog. Since then, the pediatric surgical volume and case complex-

ity had significantly increased [16]. This CEA incorporated this increased surgical volume, as

additional disease burden was averted after the installation of the pediatric OR.

We utilized a prospective perioperative patient clinical registry as part of the collaboration

between the hospital and the NGO, stored in a secure database hosted by REDCap, as reported

previously [16, 17]. Participants were children under the age of 18 who underwent surgery per-

formed by the hospital’s pediatric surgical service from June 2018 to September 2021. Institutional

Review Board approvals were obtained from involved institutions for this portion of the study.

Ethics statement

Abuja National Hospital (NHA/EC/071/2019) and University of California San Francisco (19–

29663) Institutional Review Board approvals were obtained for the purposes of this study. For-

mal verbal consents were obtained from the parent or guardian of the child beforehand. The

consenting process was conducted and witnessed by the local site data collector, who was also

responsible for conducting study surveys. Obtained consent was documented in our REDCap

data collection tool as a “Yes/No” answer. This consenting process was approved by both sites’

Institutional Review Boards.

Model and time horizon

A decision tree model was constructed in TreeAge Software Version 19.0 to illustrate the life

trajectories of pediatric surgical patients with or without surgical treatment, based on the

patient care delivered in the hospital. Model simulations were carried out with Visual Basic for

Application (VBA, Version 7�1�1119). In this model, a single decision node (D1) represented

the presence or absence of the additional dedicated pediatric ORs. The surgical capacity of two

scenarios were compared: 1) the standard of care; i.e. without any dedicated pediatric OR and

2) the presence of dedicated pediatric ORs (Fig 1). The model portrays the cost-effectiveness of

the incremental OR facility through one year of service from the all healthcare payor’s perspec-

tive. The model follows the Consolidated Health Economic Evaluation Reporting Standards

(CHEERS) 2022, with the CHEERS checklist included in the supplementary materials (S2

Checklist) [18]. In the base case model, patients who underwent successful surgery without

complications or residual disability are presumed to be fully cured and live out their full life

expectancy. Model assumptions are listed in Table 1.

Comparator

The comparator scenario represented the number and case mix of surgeries performed by the

pediatric surgical service during the phase before the dedicated pediatric ORs were installed,

which will be referred as the “standard of care” scenario. The surgical volume was 226 a year

prior to the installation of the two dedicated pediatric ORs and increased to 343 cases in the

year immediately afterward. Therefore, the standard of care case volume was 66% (226/343) of

the surgical volume with two dedicated pediatric ORs. In the standard of care scenario, 34% of

patients who could have otherwise undergone surgery if resources were available instead suf-

fered the natural course of the disease. In these low-resource settings, there is no viable non-

surgical alternatives for these children with anatomical defects requiring definitive, mechanical

repair. For example, intestinal atresia must be repaired with surgery given the intestinal block-

age. An imperforate anus can only be cured with the creation of a new anal canal via surgery.

Therefore, without surgery, the natural course of disease is assumed.
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Effectiveness inputs

Health outcomes were informed by the hospital’s perioperative patient REDCap registry,

which holds case counts by disease diagnosis at the time of surgery, and post-operative out-

comes including death or successful discharge after surgery. Descriptive statistical analysis of

the patient database was undertaken with Stata version 16.0 (College Station, TX). We calcu-

lated the health outcomes of surgical treatment using disability-adjusted life years (DALYs)

Fig 1. Decision tree diagram of the cost-effectiveness analysis model framework comparing the intervention of the presence of a dedicated pediatric

operating room to a comparator scenario of no such facility. D1: Decision node #1 (Two scenarios: “Standard of care” vs. “Dedicated Pediatric OR”); C#:

Chance node #; pNoOR: Probability of undergoing in the scenario with no dedicated pediatric operating room; pDBD; Probability of death before discharge

(informed by patient database); pST: Probability of successful treatment.

https://doi.org/10.1371/journal.pgph.0001748.g001

Table 1. Model assumptions for estimating the cost-effectiveness ratios of a pediatric operating room installation

in Nigeria.

• The prevalence of children who are eligible for surgery within the catchment area of the hospital remains the same
over time.

• Disability weights are informed by prior literature.

• Patients who do not receive curative surgery go on to experience the full morbidity or mortality associated with the
natural course of the disease.

• Surgery occurs at a single point in time and once postoperative morbidity is taken into account, the patient’s quality
of life as it relates to the surgical disease remains constant and is not assumed to fluctuate.

• Patients who are successfully treated live to the remaining average life expectancy with no residual disability.

• Residual disability after treatment is portrayed in two ways: years of life lost (which assumes a death within a year
after treatment) or years lived with disability (which assumes patient lives to average life expectancy).
• Durable equipment costs are annualized.

• Patient characteristics (i.e. the patients’ age at time of surgery, diagnosis, and postoperative survival rates) inform the
estimates of effectiveness.
• Life expectancy in Nigeria is 54 years in 2019, per the World Bank, which was used to find the procedure-specific
remaining life expectancy by subtracting the average age of the patient(s) at time of surgery from this value.

• Cost of a post-operative hospital stay do not vary widely from the WHO-CHOICE estimations, which approximates
hospital boarding costs in the model.
• Pre-operative diagnostic and laboratory studies were not included in the analysis as use of these tests are unaffected
by the advent of the new operating rooms.

https://doi.org/10.1371/journal.pgph.0001748.t001
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and lives saved. In the base-case model, individual inpatient survival was incorporated into the

estimation of the health effectiveness. Unless otherwise specified, DALYs averted were sub-

jected to a 3% time discount, as recommended by Fox-Rushby et al. [19]. Disease-specific dis-

ability weights were used to calculate the average health state of those who lived in residual

disability, which are informed by previously published literature (Table A in S1 Text). In our

sensitivity analysis, we further subjected DALYs to a time discount range between 0–6%. For-

mulas for the DALY calculations are showcased in supplementary materials (page 1 in

S1 Text).

Cost inputs

The CEA’s all healthcare payor’s perspective was an aggregation of multiple fixed and variable

costs of a functional pediatric OR from three main stakeholders: the local Ministry of Health

(MoH), the installation capital funded by the charity, and the patient out-of-pocket (OOP)

expenses. Cost components of these three cost categories are shown in Table 2. Costs were

reported in 2021 United States dollars ($), using purchasing power parity (PPP) for currency

exchange.

Fixed costs included durable equipment funded by the charity and perioperative staff sala-

ries funded by the hospital. Durable, large-scale operative equipment costs were annualized

over each item’s projected lifespan as informed by product warranties or reported estimated

lifetimes [20, 21] (S2 Checklist). Personnel costs included the annual salary costs of periopera-

tive staff, which were informed by public salary scales and verified by the perioperative staff

employed at the hospital. The personnel costs attributable to the incremental cases after the

installation of the ORs were included in the intervention arm of the model, weighted by the

proportion of each OR staff member’s presence per case. The presence of OR staff members in

surgeries was informed by the perioperative patient registry, which documents the type and

number of OR staff members who participated in each case. A detailed explanation of the per-

sonnel cost calculations can be found in the supplementary materials, under Table E in

S1 Text.

Variable case-based costs included perioperative medications, disposable surgical supplies,

postoperative inpatient hospital stays, and family out-of-pocket (OOP) expenses. The anes-

thetic medication and disposable equipment costs were informed by hospital pharmacy and

supply price lists (Tables C and D in S1 Text) Hospital length of stay costs were derived from

the country-specific WHO-CHOICE average (Table F in S1 Text). OOP costs were obtained

from a self-reported caregiver survey recorded in the REDCap registry.

Cost-effectiveness analysis

Our primary metric for cost-effectiveness is the incremental cost-effectiveness ratio (ICER),

which is defined as the (CostOR installation−CostNo pediatric OR)/(DALYsOR installation−DALYsNo

pediatric OR), reported in $ per DALY averted. Per the most recent guidelines of cost-effective-

ness threshold, our intervention was deemed cost-effective if the ICER was lower than half the

Table 2. Cost components and items included in the “all healthcare payor’s” perspective.

Local Ministry of Health

(MoH)

Personnel, Perioperative costs (surgical and anesthetic consumable supplies,

perioperative medications, perioperative utilities), hospitalization inpatient stay

Installation capital

(charity)

Freight and installation, long-term, large-scale, durable surgical and anesthetic

equipment, overhead administrative costs

Patient out-of-pocket

(OOP)

Family OOP spending for postoperative medications, diagnostics, and other medical

services needed for the surgery

https://doi.org/10.1371/journal.pgph.0001748.t002
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country’s GDP, which is the threshold of choice for resource-constrained areas and suggested

by the Disease Control Priorities 3rd edition [22, 23]. In Nigeria, this cut-off at half-GDP per

capita was $1,043 in 2020 based on the most recent World Bank Data. To put our findings into

the current context, this ICER was compared to other ICERs of similar and commonly funded

public health interventions.

One-way sensitivity analysis was performed by individually adjusting relevant variables

over a plausible range to evaluate how much the ICER changed with each scenario. The all

healthcare payor’s ICER was used as the reference point. Results were presented in a tornado

diagram. Probabilistic sensitivity analysis was conducted using 100 Monte Carlo simulation

batches of yearly caseloads. Parameters with inherent uncertainty were randomized using con-

tinuous probability distributions (Table 3). Ranges were informed by prior studies or +/- 0�2

when unavailable, based on the previous methodology [15, 24]. ICER uncertainty intervals

were obtained by bootstrapping over 100 samples. Results from the probabilistic sensitivity

analysis were depicted in cost-effectiveness planes.

Results

Over 3.2 years, the pediatric surgical surgery service at the hospital performed a total of 1,068

procedures, or a mean of 334 cases per year. 246 (23%) cases were performed before the instal-

lation of the additional dedicated pediatric ORs (June 2018—July 2019) or an average of 18.9

cases per month. A total of 822 (77%) cases were performed with two dedicated pediatric ORs

(Aug 2019—Sept 2021), or an average of 32.9 cases per month. The mean patient age at the

time of operation was 3.84 years old (standard deviation [SD] 4.61), and 79.2% (n = 846) were

male. Of all the cases performed, 806 (75.5%) were elective and 242 (23.0%) were emergencies.

Eighteen patients (1.7%) died after undergoing surgery while inpatient. Notably, in-hospital

mortality was significantly higher in those who underwent emergency surgery (16/242, 6.6%)

than elective surgery (2/806, 0.2%) using a chi-squared test of difference (p<0.001). General

pediatric surgical disease comprised most diagnoses (689, 65%), distantly followed by congeni-

tal anomalies (147, 14%). A pie chart of the relative distribution of case frequencies over dis-

ease categories and the 10 most common cases performed within the study period is

showcased in the supplementary materials (Fig A and Table G in S1 Text).

From the installation capital (charity) perspective, the annualized cost of purchasing reus-

able surgical and anesthetic equipment for two dedicated pediatric ORs was £37,953 in 2019

British pounds or $57,435 (Fig 2). The cost of shipping and installation was £19,500 in 2019

Table 3. Parameters with inherent uncertainty and their respective probability distributions used for the Monte Carlo simulation used in the probabilistic sensitiv-

ity analysis.

Parameters Category Distribution Source

Number of annual cases Effectiveness Uniform Hospital database

Disability weights Effectiveness Beta Various (Table A in S1 Text)

Probability of death before discharge Effectiveness Beta Hospital database

Probability of successful treatment Effectiveness Beta Operative log

Long-term durable equipment costs Cost—Fixed Gamma Charity price sheets

Shipping and installation cost Cost—Fixed Gamma Charity price sheets

Personnel salaries Cost—Fixed Gamma Public salary scales

Disposable equipment cost Cost- Variable Gamma Hospital price sheets

Perioperative medication cost Cost- Variable Likelihood Hospital price sheets

Inpatient hospital admission cost per day Cost- Variable Gamma WHO-CHOICE tool

Out-of-pocket patient cost Cost- Variable Gamma Hospital database

https://doi.org/10.1371/journal.pgph.0001748.t003
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British pounds or $30,293. Overhead administrative costs of the charity were estimated to be

$7,018. In the base case analysis, the incremental cost of personnel annual salaries was $21,943.

The annual sum of perioperative costs was $51,037, which included costs of disposable equip-

ment, perioperative medications, perioperative utility utilization, and the boarding cost of an

inpatient hospital admission postoperatively. Patient OOP expenses over a year of cases was

$9,800. The total annualized incremental cost of installation and operation of two dedicated

pediatric ORs was $177,527 from the all healthcare payor’s perspective. Installation capital

(charity) costs made up 50% of the total costs ($ 87,728), while the local MoH costs covered

41% ($72,980) and patient OOP costs made up 6%.

The two dedicated pediatric ORs averted an incremental 538 DALYs (discounted to 3%)

annually in the base case analysis. In the base case scenario, the ICER was $330 per DALY

averted or $18,831 per life saved from the all healthcare payor’s perspective (Table 4). This

ICER was well below the cost-effectiveness threshold of half-GDP per capita in Nigeria.

In the one-way univariate sensitivity analysis, the ICER was most sensitive to the propor-

tion of cases that were performed prior to installation of the ORs, ranging from $202–842 per

DALY averted when the range of cases was between 0–90% of surgeries that was performed

after the ORs’ installation. The ICER was also sensitive to the presence of discounting ranging

from 0–6% ($133–434). Conversely, the ICER was relatively insensitive to currency exchange

Fig 2. Annual incremental costs of the intervention, divided into categories of cost borne by the charity, local Ministry of

Health (MoH), the patient.

https://doi.org/10.1371/journal.pgph.0001748.g002

Table 4. Costs and effectiveness for the two comparator scenarios, with their incremental differences and the incremental cost-effectiveness ratio (ICER).

Annually Standard of Care Pediatric OR Incremental Difference

DALYs 840 302 -538

Total Cost $117,514 $295,041 $117,514

ICER $330 per DALY averted

https://doi.org/10.1371/journal.pgph.0001748.t004
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methodology, changes in life expectancy, postoperative mortality rate, cost of reusable equip-

ment, cost of hospital stay, charity administrative costs, and salary (Fig 3). Note that the mor-

tality range was derived from the difference in mortality between the elective and emergent

cases in this hospital.

In probabilistic sensitivity analysis utilizing 100 batched Monte Carlo simulations of 250–

400 annual cases over a uniform probability distribution, the standard of care scenario cost

$129,837 (95% confidence interval [CI] 126,103–133,571) and accrued 796 DALYs (95% CI

766–826). The dedicated pediatric OR scenario cost $310,101 (95% CI 304,303–315,901) and

accrued 241 DALYs (95% CI 228–253). In this simulation, the intervention averted an average

of 555 DALYs and incrementally costed an average of $180,264. The simulation ICER of the

installation of two dedicated pediatric ORs from the all healthcare payor’s perspective was

$325 per DALY averted (95% uncertainty interval [UI] 315–336). This ICER and respective

uncertainty interval remained robust and cost-effective (Fig 4).

Discussion

We found that compared to no installation, the installation of two dedicated pediatric ORs in

an LMIC hospital with a pre-existing pediatric surgical service is very cost-effective. Utilizing

retrospective and prospective data collection, we incorporated real individual clinical out-

comes, allowing for a realistic representation of the disease burden averted. Deterministic and

probabilistic sensitivity analyses affirmed the robustness of the results.

The ICER from the all healthcare payor’s perspective ($330 per DALY averted) was substan-

tially lower than half of the country’s GDP-per-capita cutoff ($1043 in 2020), which is a cost-

effectiveness threshold proposed for LMICs [22, 25]. This study’s ICERs were also compared

to that of prior cost-effectiveness studies involving surgeries or other public health initiatives

(Fig 5). The installation of two dedicated pediatric ORs was at least as cost-effective as some

other children’s and adult surgery interventions, and more cost-effective than orthopedic sur-

gery, Cesarean sections, medical therapy for cardiac conditions, and antiretroviral therapy for

human immunodeficiency virus (HIV), and circumcision for HIV prevention [10, 26]. Sources

for Fig 5 are presented in the supplemental materials (Table H in S1 Text). This suggests the

Fig 3. Tornado diagram. One-way sensitivity analyses.

https://doi.org/10.1371/journal.pgph.0001748.g003
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relative economic efficiency of OR installation compared with other well-established interven-

tions that routinely receive global health funding.

Notably, previous cost-effectiveness studies in LMICs were almost always conducted for

disease-specific interventions. For example, our ICER’s comparison to otolaryngology inter-

ventions was predominantly cleft lip or palate repairs. Some disease-specific studies omitted

costs of reusable equipment, installation, and patient out-of-pocket costs, components that

were included in our study and informed by empirical, patient-derived data [27–29]. Other

philanthropic initiatives such as mission trips are less likely to capture such inclusive and

essential categories of costs when focusing solely on charity operational expenses [30]. By

including multiple stakeholders, all of whom were necessary to operate the pediatric OR, our

CEA provides a more comprehensive and conservative estimate, as we were able to reflect the

costs associated with all healthcare payors.

The ICER derived for the current study indicated less favorable cost-effectiveness than that

of another CEA we conducted for the installation of a single dedicated pediatric OR in

Uganda, at $94 (in 2021 USD) per DALY averted [15]. This difference can be attributed to sev-

eral characteristics. First, Nigeria’s lower life expectancy (54 years) compared to Uganda’s (63

years) led to a lower number of years saved per surgery. Second, the comparator scenario in

Nigeria was different from that of Uganda. Nigeria had a pre-existing pediatric surgical volume

before the OR installation, while Uganda’s model could not provide any surgical volume

before installation given the lack of operative space during the local hospital’s renovation, so

Fig 4. Cost-effectiveness plane showing the incremental changes in cost and disability-adjusted life years averted. The solid grey line reflects the

incremental cost-effectiveness ratio (ICER), while the dotted grey line is the cost-effectiveness threshold at half of the country’s gross domestic product (GDP).

The ICER is well under the half-GDP cost-effectiveness threshold.

https://doi.org/10.1371/journal.pgph.0001748.g004
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all surgeries performed after OR installation were considered incremental health benefits, lead-

ing to more DALYs averted relative to the cost of the installation. Third, the pediatric surgery

service in the Nigerian hospital saw a larger portion of elective surgeries, with fewer DALYs

Fig 5. Comparison of the incremental cost-effectiveness ratios (ICERs) across multiple surgical, medical, and public health interventions, including

subspecialty pediatric surgeries. Pediatric operating room (OR) installation remains one of the more cost-effective strategies. All comparative ICERs were

time discounted to 3% and reported in 2021 U.S. dollars. Sources for this figure is presented in our supplemental materials, Table H in S1 Text.

https://doi.org/10.1371/journal.pgph.0001748.g005
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averted per case. These distinctions demonstrate the heterogeneity in the economic and health

impact of an infrastructure-building project in different healthcare systems and countries, sub-

stantiating the need to conduct CEA evaluation in a variety of settings to validate its economic

viability.

Beyond the economic effects of this OR installation, other benefits have been observed

within the vicinity of the Nigerian hospital. Enhanced capacity meant time delays in surgery

were greatly reduced, effectively eliminating wait times that previously extended to years. This

was also true for emergency surgeries, where protracted wait times led to more morbidity. The

consequences of a long surgical waitlist can range from families’ frustration to patient fatalities

[1, 31]. Therefore, from the economic lens, a future potential cost-effectiveness metric could

measure the cost of removing a patient from the waiting list as a proxy for improved health

outcomes, demonstrating the importance of tracking surgical backlogs as part of a surgical sys-

tem’s performance [32]. Additionally, since pediatric operating instruments were provided as

part of the installation package, surgeries could be conducted with reduced operating times

given ready access to the appropriate tools and may be associated with greater staff satisfaction

due to having necessary instruments more available. More complex surgeries were also con-

ducted on younger infants with more medical comorbidities and higher ASA class with no

noticeable change in mortality [16]. Together, these improvements to patient care have aug-

mented perioperative staff morale. While these are empirical observations noted by the surgi-

cal team, a qualitative study involving focus groups and in-depth interviews of the patients’

families and staff, after OR installation can better elucidate these positive effects, and these

efforts are currently ongoing.

Before this OR installation, no dedicated pediatric OR existed in Nigeria, forcing children

to compete with the adult population to receive surgery in limited adult ORs lacking the

appropriate pediatric instrumentation and exacerbating the unmet need of children’s surgical

conditions. Furthermore, no major surgical equipment suppliers exist in the African conti-

nent, and so even if local organizations were invested in building the infrastructure for pediat-

ric surgical ORs, they would still need to internationally ship this specialist equipment.

Hopefully this changes in the future, and as KidsOR expands, there are provisional plans for

the potential of distribution centers in the continents that the organization is primarily work-

ing in. Therefore, many LMIC hospitals lack dedicated ORs for children. As a result of insuffi-

cient and delayed care, LMIC pediatric patients fare substantially worse after surgery than

those in HIC. For example, surgical congenital anomalies have mortality rates as high as 80%

in LMICs and many times higher than that of HIC, which is consistently under 10% [6, 33,

34]. In Nigeria, neonatal surgical mortality reaches 26�2%, with mortality from gastroschisis at

58�3%, esophageal atresia at 56�5%, and intestinal atresia at 37�2%, based on a recent prospec-

tive cohort study of 17 tertiary hospitals [35].

Nigeria is one of few LMICs that have published a national surgical, obstetric, anesthesia,

and nursing plan after the World Health Assembly mandated that countries provide essential

surgical care and anesthesia as part of their universal health coverage package [36, 37]. How-

ever, committed investment to bolster pediatric surgical services are still lacking, as funding

for pediatric surgery in SSA continues to stall [38]. Installing a pediatric operating room is

only one way to increase the surgical capacity, but true progress can only be achieved through

a comprehensive initiative that encompasses infrastructure improvement, workforce expan-

sion, and financial coverage for patients’ healthcare expenses. NGOs have provided charity-

sponsored surgeries for patients with cleft deformities and pediatric surgical training stipends

[12, 39]. However, to ensure sustainability in these practices, local governments and Ministries

of Health will also need to take steps toward investing in this area.
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Limitations to the study include the theoretical construct of the decision tree model. The

ICER’s effectiveness rests on the reliance on the absolute increase in cases after operating

room installation, while the increase in patient clinical complexity after OR installation was

not included in this study, as our analysis only considered a difference in case volume and

assumed the same case mix before and after installation of the ORs. However, this suggests our

estimate of the cost-effectiveness is more conservative, as we did not incorporate surgeries of

more complex, disabling diseases that may lead to more DALYs averted. Furthermore, our

study design relied on the difference in caseload before and after the OR installation, which

limits the inferences of causality. Nevertheless, our model inputs were drawn empirically from

primary sources on the ground, such that the findings should still reflect real-world settings.

Other assumptions were made in constructing this model, such as the patient’s postoperative

course after leaving the hospital, which remained in a steady state to be consistent with the

decision tree model. However, since the average life expectancy of Nigeria was used as a

benchmark for DALYs averted, this assumption should not skew the results. We also excluded

indirect medical costs such as transportation cost and lost wages from missed days at work.

Conclusion

This is the first cost-effectiveness analysis of a pediatric OR installation in Nigeria, Africa’s

most populous country. Installation of two dedicated pediatric ORs is deemed very cost-effec-

tive with an ICER of $330 per DALY averted from the all healthcare payor’s perspective. This

ICER indicates more favorable cost-effective than other essential interventions such as cesar-

ean sections, HIV antiretroviral therapy, and medical therapy for cardiac disease. This inaugu-

ral study will open more opportunities for cost-effectiveness analysis and other forms of

economic evaluation of pediatric surgical initiatives in Nigeria and other LMICs, as little cur-

rent research has been done. The findings of this study can serve as an advocacy tool for pol-

icymakers and funders alike to scale up essential children’s surgical care.

Supporting information

S1 Checklist. Inclusivity in global research.

(DOCX)

S2 Checklist. The Consolidated Health Economic Evaluation Reporting Standards

(CHEERS) 2022 checklist.

(DOCX)

S1 Text. Supporting information and evidence used to inform the cost-effectiveness analy-

sis.

(DOCX)

Author Contributions

Conceptualization: Ava Yap, Salamatu I. Halid, Ruth Laverde, Paul Park, Greg Klazura,

Emma Bryce, Maija Cheung, Doruk Ozgediz, Emmanuel A. Ameh.

Data curation: Ava Yap, Salamatu I. Halid, Nancy Ukwu, Paul Park, Emma Bryce, Elliot Mar-

seille, Doruk Ozgediz, Emmanuel A. Ameh.

Formal analysis: Ava Yap, Ruth Laverde, Paul Park, Greg Klazura, Emma Bryce, Maija

Cheung, Elliot Marseille, Doruk Ozgediz.

Funding acquisition: Doruk Ozgediz.

PLOS GLOBAL PUBLIC HEALTH Cost-effectiveness of a pediatric OR in Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001748 March 27, 2024 12 / 15

http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0001748.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0001748.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0001748.s003
https://doi.org/10.1371/journal.pgph.0001748


Investigation: Ava Yap, Salamatu I. Halid, Nancy Ukwu, Greg Klazura, Emma Bryce, Elliot

Marseille, Doruk Ozgediz, Emmanuel A. Ameh.

Methodology: Ava Yap, Salamatu I. Halid, Ruth Laverde, Paul Park, Greg Klazura, Elliot Mar-

seille, Doruk Ozgediz.

Project administration: Nancy Ukwu, Emma Bryce, Maija Cheung, Doruk Ozgediz, Emman-

uel A. Ameh.

Resources: Ava Yap, Nancy Ukwu, Emma Bryce, Maija Cheung, Doruk Ozgediz.

Software: Ava Yap, Paul Park, Elliot Marseille.

Supervision: Nancy Ukwu, Emma Bryce, Maija Cheung, Elliot Marseille, Doruk Ozgediz,

Emmanuel A. Ameh.

Validation: Ava Yap, Salamatu I. Halid, Nancy Ukwu, Ruth Laverde, Maija Cheung, Elliot

Marseille, Doruk Ozgediz, Emmanuel A. Ameh.

Visualization: Ava Yap, Ruth Laverde, Elliot Marseille.

Writing – original draft: Ava Yap, Salamatu I. Halid.

Writing – review & editing: Ava Yap, Salamatu I. Halid, Nancy Ukwu, Ruth Laverde, Paul

Park, Greg Klazura, Emma Bryce, Maija Cheung, Elliot Marseille, Doruk Ozgediz, Emman-

uel A. Ameh.

References
1. Sitkin NA, Ozgediz D, Donkor P, Farmer DL. Congenital Anomalies in Low- and Middle-Income Coun-

tries: The Unborn Child of Global Surgery. World J Surg. 2015; 39: 36–40. https://doi.org/10.1007/

s00268-014-2714-9 PMID: 25135175

2. Mullapudi B, Grabski D, Ameh E, Ozgediz D, Thangarajah H, Kling K, et al. Estimates of number of chil-

dren and adolescents without access to surgical care. Bull World Health Organ. 2019/01/28 ed. 2019;

97: 254–258. https://doi.org/10.2471/BLT.18.216028 PMID: 30940982

3. The World Bank. Population ages 0–14 (% of total population)—Sub-Saharan Africa | Data. [cited 7 Jan

2023]. Available: https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=ZG

4. GlobalSurg Collaborative. Determinants of morbidity and mortality following emergency abdominal sur-

gery in children in low-income and middle-income countries. BMJ Glob Health. 2016; 1: e000091.

https://doi.org/10.1136/bmjgh-2016-000091 PMID: 28588977

5. Ullrich SJ, Kakembo N, Grabski DF, Cheung M, Kisa P, Nabukenya M, et al. Burden and Outcomes of

Neonatal Surgery in Uganda: Results of a Five-Year Prospective Study. J Surg Res. 2020; 246: 93–99.

https://doi.org/10.1016/j.jss.2019.08.015 PMID: 31562991

6. PaedSurg Africa Research Collaboration. Paediatric surgical outcomes in sub-Saharan Africa: a multi-

centre, international, prospective cohort study. BMJ Glob Health. 2021; 6: e004406. https://doi.org/10.

1136/bmjgh-2020-004406 PMID: 34475022

7. Ameh EA, Adejuyigbe O, Nmadu PT. Pediatric surgery in Nigeria. J Pediatr Surg. 2006; 41: 542–546.

https://doi.org/10.1016/j.jpedsurg.2005.11.053 PMID: 16516632

8. Ademuyiwa AO, Odugbemi TO, Bode CO, Elebute OA, Alakaloko FM, Alabi EO, et al. Prevalence of

surgically correctable conditions among children in a mixed urban-rural community in Nigeria using the

SOSAS survey tool: Implications for paediatric surgical capacity-building. Chauhan A, editor. PLOS

ONE. 2019; 14: e0223423. https://doi.org/10.1371/journal.pone.0223423 PMID: 31600252

9. Smith ER, Concepcion TL, Niemeier KJ, Ademuyiwa AO. Is Global Pediatric Surgery a Good Invest-

ment? World J Surg. 2019; 43: 1450–1455. https://doi.org/10.1007/s00268-018-4867-4 PMID:

30506288

10. Saxton AT, Poenaru D, Ozgediz D, Ameh EA, Farmer D, Smith ER, et al. Economic Analysis of Chil-

dren’s Surgical Care in Low- and Middle-Income Countries: A Systematic Review and Analysis. PloS

One. 2016; 11: e0165480–e0165480. https://doi.org/10.1371/journal.pone.0165480 PMID: 27792792

PLOS GLOBAL PUBLIC HEALTH Cost-effectiveness of a pediatric OR in Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001748 March 27, 2024 13 / 15

https://doi.org/10.1007/s00268-014-2714-9
https://doi.org/10.1007/s00268-014-2714-9
http://www.ncbi.nlm.nih.gov/pubmed/25135175
https://doi.org/10.2471/BLT.18.216028
http://www.ncbi.nlm.nih.gov/pubmed/30940982
https://data.worldbank.org/indicator/SP.POP.0014.TO.ZS?locations=ZG
https://doi.org/10.1136/bmjgh-2016-000091
http://www.ncbi.nlm.nih.gov/pubmed/28588977
https://doi.org/10.1016/j.jss.2019.08.015
http://www.ncbi.nlm.nih.gov/pubmed/31562991
https://doi.org/10.1136/bmjgh-2020-004406
https://doi.org/10.1136/bmjgh-2020-004406
http://www.ncbi.nlm.nih.gov/pubmed/34475022
https://doi.org/10.1016/j.jpedsurg.2005.11.053
http://www.ncbi.nlm.nih.gov/pubmed/16516632
https://doi.org/10.1371/journal.pone.0223423
http://www.ncbi.nlm.nih.gov/pubmed/31600252
https://doi.org/10.1007/s00268-018-4867-4
http://www.ncbi.nlm.nih.gov/pubmed/30506288
https://doi.org/10.1371/journal.pone.0165480
http://www.ncbi.nlm.nih.gov/pubmed/27792792
https://doi.org/10.1371/journal.pgph.0001748


11. Corlew DS, Alkire BC, Poenaru D, Meara JG, Shrime MG. Economic valuation of the impact of a large

surgical charity using the value of lost welfare approach. BMJ Glob Health. 2016; 1: e000059. https://

doi.org/10.1136/bmjgh-2016-000059 PMID: 28588975

12. KidsOR. Kids OR | Operating rooms, providing surgery for children across the world. In: KidsOR [Inter-

net]. [cited 29 Aug 2021]. Available: https://www.kidsor.org/

13. Bryce E, Fedatto M, Cunningham D. Providing paediatric surgery in low-resource countries. BMJ Pae-

diatr Open. 2023; 7: e001603. https://doi.org/10.1136/bmjpo-2022-001603 PMID: 36764702

14. Kids Operating Room. Children’s Surgery: Africa 2030 Road Map—Capacity Building in Children’s Sur-

gery to Prevent 10 Million Years of Disability. Scotland: Kids Operating Room; Available: https://www.

kidsor.org/assets/uploads/files/downloads/Africa_30.pdf

15. Yap A, Cheung M, Muzira A, Healy J, Kakembo N, Kisa P, et al. Best Buy in Public Health or Luxury

Expense?: The Cost-effectiveness of a Pediatric Operating Room in Uganda From the Societal Per-

spective. Ann Surg. 2021; 273: 379–386. https://doi.org/10.1097/SLA.0000000000003263 PMID:

30907755

16. Laverde R, Majekodunmi O, Park P, Udeigwe-Okeke CR, Yap A, Klazura G, et al. Impact of new dedi-

cated pediatric operating rooms on surgical volume in Africa: Evidence from Nigeria. J Pediatr Surg.

2022; S0022346822006169. https://doi.org/10.1016/j.jpedsurg.2022.09.021 PMID: 36289035

17. Park Paul, Laverde Ruth, Klazura Greg, Yap Ava, Bvulani Bruce, Ki Bertille, et al. Impact of the COVID-

19 Pandemic on Pediatric Surgical Volume in four Low- and Middle-Income Country Hospitals: Insights

from an Interrupted Time Series Analysis. World J Surg. In press. https://doi.org/10.1007/s00268-022-

06503-2 PMID: 35267077

18. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH, Carswell C, et al. Consoli-

dated Health Economic Evaluation Reporting Standards (CHEERS) 2022 Explanation and Elaboration:

A Report of the ISPOR CHEERS II Good Practices Task Force. Value Health J Int Soc Pharmacoeco-

nomics Outcomes Res. 2022; 25: 10–31. https://doi.org/10.1016/j.jval.2021.10.008 PMID: 35031088

19. Rushby JF. Calculating and presenting disability adjusted life years (DALYs) in cost-effectiveness anal-

ysis. Health Policy Plan. 2001; 16: 326–331. https://doi.org/10.1093/heapol/16.3.326 PMID: 11527874

20. Forum Health. Estimated useful lives of depreciable hospital assets. American Hospital Association

Press; 2018.

21. Biomedical Engineering Advisory Group. Lifespan of Biomedical Devices. Australia; 2004. Available:

https://www.academia.edu/10481813/Biomedical_Engineering_Advisory_Group_Guidance_Paper_

Life_span_of_Biomedical_Devices_Background

22. Chi Y-L, Blecher M, Chalkidou K, Culyer A, Claxton K, Edoka I, et al. What next after GDP-based cost-

effectiveness thresholds? Gates Open Res. 2020; 4: 176. https://doi.org/10.12688/gatesopenres.

13201.1

23. Ochalek J, Revill P, Manthalu G, McGuire F, Nkhoma D, Rollinger A, et al. Supporting the development

of a health benefits package in Malawi. BMJ Glob Health. 2018; 3: e000607. https://doi.org/10.1136/

bmjgh-2017-000607 PMID: 29662689

24. Nayagam S, Conteh L, Sicuri E, Shimakawa Y, Suso P, Tamba S, et al. Cost-effectiveness of commu-

nity-based screening and treatment for chronic hepatitis B in The Gambia: an economic modelling anal-

ysis. Lancet Glob Health. 2016; 4: e568–e578. https://doi.org/10.1016/S2214-109X(16)30101-2 PMID:

27443782

25. Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresholds for the cost–effectiveness of interven-

tions: alternative approaches. Bull World Health Organ. 2015; 93: 118–124. https://doi.org/10.2471/

BLT.14.138206 PMID: 25883405

26. Chao TE, Sharma K, Mandigo M, Hagander L, Resch SC, Weiser TG, et al. Cost-effectiveness of sur-

gery and its policy implications for global health: a systematic review and analysis. Lancet Glob Health.

2014; 2: e334–e345. https://doi.org/10.1016/S2214-109X(14)70213-X PMID: 25103302

27. Wu VK, Poenaru D. Burden of Surgically Correctable Disabilities Among Children in the Dadaab Refu-

gee Camp. World J Surg. 2013; 37: 1536–1543. https://doi.org/10.1007/s00268-012-1899-z PMID:

23283220

28. Binagwaho A, Pegurri E, Muita J, Bertozzi S. Male Circumcision at Different Ages in Rwanda: A Cost-

Effectiveness Study. Kalichman SC, editor. PLoS Med. 2010; 7: e1000211. https://doi.org/10.1371/

journal.pmed.1000211 PMID: 20098721

29. Grimes CE, Mkandawire NC, Billingsley ML, Ngulube C, Cobey JC. The cost-effectiveness of orthopae-

dic clinical officers in Malawi. Trop Doct. 2014; 44: 128–134. https://doi.org/10.1177/

0049475514535575 PMID: 24821618

PLOS GLOBAL PUBLIC HEALTH Cost-effectiveness of a pediatric OR in Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001748 March 27, 2024 14 / 15

https://doi.org/10.1136/bmjgh-2016-000059
https://doi.org/10.1136/bmjgh-2016-000059
http://www.ncbi.nlm.nih.gov/pubmed/28588975
https://www.kidsor.org/
https://doi.org/10.1136/bmjpo-2022-001603
http://www.ncbi.nlm.nih.gov/pubmed/36764702
https://www.kidsor.org/assets/uploads/files/downloads/Africa_30.pdf
https://www.kidsor.org/assets/uploads/files/downloads/Africa_30.pdf
https://doi.org/10.1097/SLA.0000000000003263
http://www.ncbi.nlm.nih.gov/pubmed/30907755
https://doi.org/10.1016/j.jpedsurg.2022.09.021
http://www.ncbi.nlm.nih.gov/pubmed/36289035
https://doi.org/10.1007/s00268-022-06503-2
https://doi.org/10.1007/s00268-022-06503-2
http://www.ncbi.nlm.nih.gov/pubmed/35267077
https://doi.org/10.1016/j.jval.2021.10.008
http://www.ncbi.nlm.nih.gov/pubmed/35031088
https://doi.org/10.1093/heapol/16.3.326
http://www.ncbi.nlm.nih.gov/pubmed/11527874
https://www.academia.edu/10481813/Biomedical_Engineering_Advisory_Group_Guidance_Paper_Life_span_of_Biomedical_Devices_Background
https://www.academia.edu/10481813/Biomedical_Engineering_Advisory_Group_Guidance_Paper_Life_span_of_Biomedical_Devices_Background
https://doi.org/10.12688/gatesopenres.13201.1
https://doi.org/10.12688/gatesopenres.13201.1
https://doi.org/10.1136/bmjgh-2017-000607
https://doi.org/10.1136/bmjgh-2017-000607
http://www.ncbi.nlm.nih.gov/pubmed/29662689
https://doi.org/10.1016/S2214-109X%2816%2930101-2
http://www.ncbi.nlm.nih.gov/pubmed/27443782
https://doi.org/10.2471/BLT.14.138206
https://doi.org/10.2471/BLT.14.138206
http://www.ncbi.nlm.nih.gov/pubmed/25883405
https://doi.org/10.1016/S2214-109X%2814%2970213-X
http://www.ncbi.nlm.nih.gov/pubmed/25103302
https://doi.org/10.1007/s00268-012-1899-z
http://www.ncbi.nlm.nih.gov/pubmed/23283220
https://doi.org/10.1371/journal.pmed.1000211
https://doi.org/10.1371/journal.pmed.1000211
http://www.ncbi.nlm.nih.gov/pubmed/20098721
https://doi.org/10.1177/0049475514535575
https://doi.org/10.1177/0049475514535575
http://www.ncbi.nlm.nih.gov/pubmed/24821618
https://doi.org/10.1371/journal.pgph.0001748


30. Cardarelli M, Vaikunth S, Mills K, DiSessa T, Molloy F, Sauter E, et al. Cost-effectiveness of Humanitar-

ian Pediatric Cardiac Surgery Programs in Low- and Middle-Income Countries. JAMA Netw Open.

2018; 1: e184707. https://doi.org/10.1001/jamanetworkopen.2018.4707 PMID: 30646368

31. Yousef Y, Lee A, Ayele F, Poenaru D. Delayed access to care and unmet burden of pediatric surgical

disease in resource-constrained African countries. J Pediatr Surg. 2019; 54: 845–853. https://doi.org/

10.1016/j.jpedsurg.2018.06.018 PMID: 30017069

32. Klazura G, Park P, Yap A, Laverde R, Bryce E, Cheung M, et al. Pediatric Surgical Waitlist in Low Mid-

dle Income Countries during the COVID-19 Pandemic. J Surg Res. 2023; S0022480423000586.

https://doi.org/10.1016/j.jss.2023.02.012 PMID: 37018896

33. Adejuyigbe O, Abubakar AM, Sowande OA, Olayinka OS, Uba AF. Experience with anorectal malfor-

mations in Ile-Ife, Nigeria. Pediatr Surg Int. 2004; 20: 855–858. https://doi.org/10.1007/s00383-004-

1297-1 PMID: 15565306

34. Askarpour S, Ostadian N, Javaherizadeh H, Chabi S. Omphalocele, Gastroschisis: Epidemiology, Sur-

vival, and Mortality in Imam Khomeini Hospital, Ahvaz-Iran. Pol J Surg. 2012; 84. https://doi.org/10.

2478/v10035-012-0013-4 PMID: 22487740

35. Ekwunife HO, Ameh E, Abdur-Rahman L, Ademuyiwa A, Akpanudo E, Alakaloko F. Burden and out-

come of neonatal surgical conditions in Nigeria: A countrywide multicenter cohort study. J Neonatal

Surg. 2022; 11: 3. https://doi.org/10.47338/jns.v11.1029

36. Price R, Makasa E, Hollands M. World Health Assembly Resolution WHA68.15: “Strengthening Emer-

gency and Essential Surgical Care and Anesthesia as a Component of Universal Health Coverage”—

Addressing the Public Health Gaps Arising from Lack of Safe, Affordable and Accessible Surgical and

Anesthetic Services. World J Surg. 2015; 39: 2115–2125. https://doi.org/10.1007/s00268-015-3153-y

PMID: 26239773

37. Seyi-Olajide J, Anderson J, Williams O, Faboya O, Amedu J, Anyanwu S, et al. National surgical,

obstetric, anaesthesia and nursing plan, Nigeria. Bull World Health Organ. 2021; 99: 883–891. https://

doi.org/10.2471/BLT.20.280297 PMID: 34866684

38. Ekenze SO. Funding paediatric surgery procedures in sub-Saharan Africa. Malawi Med J. 2019; 31:

233–239. https://doi.org/10.4314/mmj.v31i3.13 PMID: 31839896

39. Poenaru D. Getting the Job Done: Analysis of the Impact and Effectiveness of the SmileTrain Program

in Alleviating the Global Burden of Cleft Disease. World J Surg. 2013; 37: 1562–1570. https://doi.org/

10.1007/s00268-012-1876-6 PMID: 23232819

PLOS GLOBAL PUBLIC HEALTH Cost-effectiveness of a pediatric OR in Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001748 March 27, 2024 15 / 15

https://doi.org/10.1001/jamanetworkopen.2018.4707
http://www.ncbi.nlm.nih.gov/pubmed/30646368
https://doi.org/10.1016/j.jpedsurg.2018.06.018
https://doi.org/10.1016/j.jpedsurg.2018.06.018
http://www.ncbi.nlm.nih.gov/pubmed/30017069
https://doi.org/10.1016/j.jss.2023.02.012
http://www.ncbi.nlm.nih.gov/pubmed/37018896
https://doi.org/10.1007/s00383-004-1297-1
https://doi.org/10.1007/s00383-004-1297-1
http://www.ncbi.nlm.nih.gov/pubmed/15565306
https://doi.org/10.2478/v10035-012-0013-4
https://doi.org/10.2478/v10035-012-0013-4
http://www.ncbi.nlm.nih.gov/pubmed/22487740
https://doi.org/10.47338/jns.v11.1029
https://doi.org/10.1007/s00268-015-3153-y
http://www.ncbi.nlm.nih.gov/pubmed/26239773
https://doi.org/10.2471/BLT.20.280297
https://doi.org/10.2471/BLT.20.280297
http://www.ncbi.nlm.nih.gov/pubmed/34866684
https://doi.org/10.4314/mmj.v31i3.13
http://www.ncbi.nlm.nih.gov/pubmed/31839896
https://doi.org/10.1007/s00268-012-1876-6
https://doi.org/10.1007/s00268-012-1876-6
http://www.ncbi.nlm.nih.gov/pubmed/23232819
https://doi.org/10.1371/journal.pgph.0001748



