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Abstract

Purpose Characterize pediatric surgical capacity in the eastern Democratic Republic of Congo (DRC) to identify areas of
potential improvement.

Methods The Pediatric Personnel, Infrastructure, Procedures, Equipment, and Supplies (PediPIPES) survey was used in
two representative eastern DRC provinces to assess existing surgical infrastructure and capacity. We compared our results
to previously published reports from other sub-Saharan African countries.

Results Fourteen hospitals in the eastern DRC and 37 in 19 sub-Saharan African (SSA) countries were compared. The
average PediPIPES index for the DRC was 7.7 compared to 13.5 for SSAs. The greatest disparities existed in the areas of
personnel and infrastructure. Running water was reportedly available to 57.1% of the hospitals in the DRC, and the majority
of hospitals (78.6%) were dependent on generators and solar panels for electricity. Only two hospitals in the DRC (14.3%)
reported a pediatric surgeon equivalent on staff, compared to 86.5% of facilities sampled in SSA reporting > 1 pediatric
surgeon.

Conclusions Significant barriers in personnel, infrastructure, procedures, equipment, and supplies impede the provision of
adequate surgical care to children. Further work is needed to assess allocation and utilization of existing resources, and to
enhance training of personnel with specific attention to pediatric surgery.

Keywords Pediatric surgery - Disparities - Global surgery - Africa - Surgical capacity - Needs assessment

Accepted for podium presentation at the American College of Introduction

Surgeons Surgical Forums, Chicago, IL, Oct 2017.

Provision of surgical care in the developing world has
gained significant recognition as an integral part of a func-
tional healthcare system. Surgical disease has long been a
neglected component of international development despite
evidence of the cost effectiveness of providing basic surgi-
cal services [1-3]. Pediatric surgery and neonatal surgery
in particular, has significant potential for cost-effective
intervention. In previous studies evaluating determinants
and barriers accessing surgical care, resource allocation is
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world, with nearly 50% of the population under 15 years of
age and a 2016 Human Development Index of 0.435 ranking
176th out of 187 nations [6, 7]. Despite an official end to the
conflict in 2009, poor coordination between the government
and healthcare system has contributed to a nearly absent
pediatric surgical infrastructure [8].

In response to the Lancet Commission on Global Sur-
gery 2015’s call to address the challenges facing provision
of pediatric surgical services in low-resource settings, this
study was designed to quantify and qualify pediatric surgery
capacity in the eastern DRC [9].

Methods

The study protocol was reviewed by the Institutional Review
Board of the University of Buffalo; the study received
exemption from formal review (Study 00000365).

Survey tool

The Pediatric PIPES (PediPIPES) survey tool was developed
to assess pediatric surgical capacity. Adapted from the World
Health Organization’s Tool for Situational Analysis and the
Surgeons Overseas (SOS), Personnel, Infrastructure, Pro-
cedure, Equipment, and Supplies (PIPES) tool, PediPIPES
was modified to increase relevance to pediatric essential and
emergency surgical care [10]. The PediPIPES tool includes
118 items used to create a weighted PediPIPES index for
comparison with other institutions. The personnel score
(P-score) was calculated by adding the number of personnel;
the infrastructure score (I-score) was calculated by adding
the number of incubators, pediatric ventilators, and oper-
ating rooms, and one point for each of 14 facility specific
infrastructure items; one point was added for each procedure
performed to provide a procedure score (Pr-score); an equip-
ment score (E-score) was calculated by one point per equip-
ment item; and the supply score (S-score) was calculated
from 26 supply items at one point each. The total PediPIPES
score was calculated as a sum of the P, I, Pr, E, and S-scores,
divided by 118 and multiplied by 10 to create the PediPIPES
index where a higher score corresponds to increased capac-
ity for pediatric essential and emergency surgical care [11].

(Total PediPIPES score/118) X 10 = PediPIPES Index.

The PediPIPES tool is available as an open source docu-
ment on the SOS website http://www.surgeonsoverseas.org.

Data collection and analysis
There are several hundred medical facilities of varying

caliber in the DRC, with more than 20 facilities in the
Great Lakes Region of Africa to provide advanced hospital
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services. Fourteen medical facilities were identified for
inclusion in pilot study. Facilities were selected who were
known to provide surgical services in some capacity within
two provinces in the Great Lakes Region of Africa, North
Kivu and South Kivu. Fourteen healthcare facilities were
assessed in the Great Lakes Region of Africa in the Demo-
cratic Republic of Congo; nine in North Kivu and five in
South Kivu. Two facilities were public and represented the
provincial or primary referral hospitals for their respec-
tive provinces. Five were mission facilities affiliated with
Protestant or Catholic charities, five facilities semi-private,
and the remaining two were designated military and police
facilities (serving families of those professional communi-
ties). None of the facilities were exclusively for children.
Site visits were arranged to include tour of medical facili-
ties, interviews with facility directors, surgical staff and
anesthesiology team, if applicable, and completion of the
PediPIPES survey. Following completion of the analysis in
the DRC, crude analysis was performed of one hospital in
Kigali, the capital of Rwanda. Rwanda, in comparison with
the DRC, has robust government involvement in the delivery
of healthcare and a strong international presence in the capi-
tal city of Kigali. Though the delivery of pediatric surgical
care in Kigali is in its infancy, analysis was included because
of anecdotal reports of transferring patients with sufficient
means between countries to improve access to specialized
services, such as pediatric surgery.

Data collection occurred during January 2017. Descrip-
tive statistical analyses were computed using Microsoft
Excel 2010. Results of the pilot study completed in the DRC
were compared to results of a PediPIPES survey distributed
to 37 hospitals in ten countries in West Africa [12]. Data
from West African facilities was obtained through a con-
venience sample of survey distributed to surgeons in the
region using an email list of pediatric surgeons and gen-
eral surgeons who performed pediatric surgical procedures.
Interviews with participating facilities were not conducted
and aggregate regional- and country-specific data were com-
pared to data obtained in present study.

Results

PediPIPES index was calculated for each of the facilities vis-
ited and was compared by region as well as by hospital type.
Historical and published controls were also used for broad
comparison and point of reference. Public, provincial hospi-
tals and the private hospital funded by a non-governmental
organization (NGO) had the highest Pedi-PIPES scores at
10.8 and 11.6, respectively. Semi-public police and military
facilities had the lowest scores (4.7 and 6.3, respectively),
with no designated pediatric hospital beds. Total scores
ranged from 4.7 to 11.6 with an average of 7.7 overall. When
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compared to the facility in Rwanda and representative sur-
veys from West African regional hospitals, the DRC pilot
study revealed a lower pedi-PIPES score compared to all
other countries sampled (Table 1).

Personnel

Only two facilities reported having a pediatric surgeon on
staff with an average of 0.14 pediatric surgeons and 1.14
general surgeons per facility (Table 2). All facilities had at
least one medical doctor and all but one facility reported
having at least one medical doctor who operated on children
(average nine medical doctors per facility and 4.6 medical
doctors operating on children). There were no pediatric
anesthesiologists and only three facilities reported having
a physician anesthetist while the remainder of facilities
depended on nurse anesthetists with one to six individuals
per facility. Only two of the 14 facilities reported having
pediatric-trained nurses. One of these facilities, however,
reported specialized pediatric nursing staff as well as a
recently established training program for pediatric and neo-
natal intensive care nurses.

Infrastructure

The number of hospital beds in the facilities interviewed
ranged from 30 to 500 (median 111.5) compared to 20-2000
and a median of 350 at the West African hospitals evalu-
ated by Okoye et al. [12] designated pediatric hospital beds
ranged from O to 90 with a median of 18.5 beds. All facilities
had at least one functioning operating room with an average
of 2.8 operating rooms per facility. None of the facilities
evaluated had pediatric specific ventilators and the number
of functioning incubators ranged from zero to ten per facility
(Table 3). Only 21.4% of facilities reported reliable exter-
nal electricity compared to 73% of facilities in West Africa.
Reported access to running water was similar between the
two groups, at 57.1% in the DRC and 51.4% in West Africa.
The majority of facilities (78.6%) had an incinerator, with

Table 2 Personnel at facilities assessed in Great Lakes Region of the
Democratic Republic of Congo

Personnel Total Average per
facility (min,
max)

Pediatric surgeon 2 0.14 (0, 1)

General surgeon 16 1.14 (0, 2)

All medical doctors 126 9.00 (1, 40)

Medical doctors doing surgery on 65 4.64 (0, 20)

children

Pediatricians 13 0.93 (0, 3)

Pediatric trained nurses 11 0.85 (0, 6)

Anesthesiologists (MD) 3 0.21 (0, 1)

Nurse anesthetists 41 293 (1,6)

laboratory of various capacities in all facilities and blood
bank in 64.3%. Non-invasive and low-cost diagnostic studies
such as ultrasound were reportedly available in all facili-
ties compared to X-ray in 78.6% and computed tomography
imaging in just three facilities (21.4%).

Procedures

There was significant variability in the procedures per-
formed by institution ranging from 17 to 45 with a median
of 27.5 procedures. Procedures evaluated were divided
into six categories: anesthesia (4), respiratory (5), gastro-
intestinal (14), genitourinary (6), orthopedic (7), and other
procedures (8). The most frequently performed procedures
included wound care such as drainage of abscess, suturing,
wound debridement, fracture splinting, male circumcision,
basic laparotomy and bowel resection, appendectomy, and
pediatric hernia repair (14 of 14 institutions). No minimally
invasive procedures were performed and specialized proce-
dures such as spina bifida operations, contracture release,
repair of intestinal atresia, pull-through procedures for
Hirschsprung Disease and repair of imperforate anus and

Table 1 PediPIPES aggregate and component scores by country including DRC, Rwanda, and West African Countries

DRC (14) Burkina Faso Ghana Ivory Coast Liberia Niger Nigeria Senegal Sierra Leone
Average number beds (total) 151.9 125 2000 817 250 900 738 180 300
Average number beds (pediatric) 23.7 125 135 80 60 145 136 180 20
Average Personnel Score 10.8 135 99 118 21 40 98 23 21
Average Infrastructure Score 15.9 10 44 15 24 25 24 14 15
Average Procedures Score 30.6 37 46 38 43 45 45 42 39
Average Equipment Score 14.8 16 21 20 21 19 21 19 18
Average Supplies Score 19.4 21 22 24 25 23 26 18 18
Average Pedi-PIPES Index 7.7 18.6 19.7 18.2 114 12.9 18.1 9.8 9.4

Data for West African countries adapted from Okoye et al. where all countries represented have similar proportion of population under age 15
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Table 3 Auvailable infrastructure in evaluate health facilities (n=14)

Infrastructure items No. (range)
Number of operating rooms, average 2.8(1,6)
Number of functioning pediatric ventilators, average 0(0,0)
Number of newborn incubators, average 2.9 (0, 10)
Infrastructure items Number of

facilities (%)

Running water 8 (57.1)
External electricity 3(21.4)
Functioning back-up generator 14 (100.0)
Incinerator 11 (78.6)
Medical records 14 (100.0)
Emergency department 12 (85.7)
Postoperative care area 13 (92.9)
Special care baby unit 6 (42.9)
Neonatal intensive care unit (NICU) or general ICU 8 (57.1)
Pretested blood available (blood bank) 9(64.3)
Lab to test blood and urine 14 (100.0)
Functioning X-ray machine 11 (78.6)
Functioning ultrasound machine 14 (100.0)
Functioning CT scan 3(21.4)

abdominal wall defects were reported in less than 50% of
participating facilities (Table 4).

Equipment and supplies

Total equipment scores ranged from 8 to 20 with a median
score of 16 (maximum 22); total supplies score ranged from
15 to 25 with a median score of 19 (maximum 26). None of
the facilities evaluated had laparoscopic supplies or neona-
tal T-pieces (Table 5). Very few facilities reported adequate
eye protection, syringe pumps, pediatric endoscopic equip-
ment, or apnea monitors. The majority of facilities reported
adapting adult anesthesia equipment including oxygen mask
and tubing, stethoscope, blood pressure measuring equip-
ment, thermometers, and weighing scales for use in pediat-
rics. Less than 50% of facilities reported having nasogastric
tubes, thoracic drains, and urinary catheters appropriately
sized for pediatric patients. Basic supplies such as gowns
and drapes for the operating room were reported as available
at 92.9-100% of facilities though most (13 out of 14 facili-
ties) reported re-usable materials with marginal steriliza-
tion capabilities through washing and occasionally boiling of
materials. Dressing supplies, needles, disposable syringes,
intravenous cannulas and intravenous infusion sets (adapted
from adult equipment) were sufficient at the majority of
institutions.
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Discussion

The 2015 Lancet Commission of Global Surgery brought
attention to the effect the deficits in access to surgical care
and the profound health, and economic impact safe, afford-
able surgical and anesthesia care can have on a nation [9,
13, 14]. While several surgical conditions were identified as
measures of a nation’s health, pediatric surgery was specifi-
cally excluded. Many factors appear to influence the high
mortality of pediatric patients with the majority of neonatal
mortality in LMICs attributed to perinatal infections, birth
asphyxia, and poor nutrition [15, 16]. Most recent studies,
however, draw attention to the large burden and dispropor-
tionately high mortality of surgical diseases such as con-
genital anomalies [17—19]. Despite a recent report of a high
prevalence of surgical disease affecting pediatric patients
in the eastern DRC and the barriers to care, there are no
published data quantifying the capacity available to address
pediatric surgical need [5]. Based on our assessment of pedi-
atric surgical capacity in eastern DRC using the PediPIPES
survey, we found that pediatric surgical care in the region
is limited by shortage of pediatric-trained personnel, inad-
equate medical infrastructure, limited capacity to perform
highly specialized operations, limited supply of pediatric-
specific equipment.

There are multiple tools in existence for assessing the dis-
ease burden and corresponding capacity for care in a nation
with limited evaluation of the physical, psychological, and
financial impact of pediatric illness on a family and society
[13]. With greater than 50% of the population in the DRC
and other LMICs under 15 years of age, the need for quality
pediatric surgical and trauma care cannot be understated.
Capacity assessment tools developed under the guidelines of
the World Health Organization Tool for Situational Analysis
to Assess Emergency and Essential Surgical Care (WHO
TSA) include, but are not limited to, Pedi-PIPES, the Chil-
dren’s Surgical Center Designations with Scope of Practice
(CSCDSP) and the Checklist for Children’s Trauma Room
(CCTR) [20-22]. The Pedi-PIPES tool was utilized for easy
administration, to allow simple data analysis, to permit com-
parison between facilities, and to document changes in the
pediatric surgical capacity over time. Based on our assess-
ment of pediatric surgical capacity in eastern DRC using
the PediPIPES survey, we found that pediatric surgical care
in the region is limited by shortage of pediatric-trained per-
sonnel, inadequate medical infrastructure, limited capacity
to perform highly specialized operations, limited supply of
pediatric-specific equipment.

An area of particular interest in this study and in the
realm of global surgery capacity assessments lies in the qual-
ified workforce or personnel. In the DRC, for instance, there
are approximately 0.2—-0.4 pediatric surgeons per 1 million
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Table 4 Procedures performed by facilities (n=14)

Anesthesia, n (%) Respiratory, n (%) Gastrointestinal, n (%)

Genitourinary, n (%)

Orthopedic, n (%) Other procedures, n (%)

Ketamine, 14 (100.0) Chest tube insertion,  Appendectomy, 14

7 (50.0) (100.0)
General, 13 (92.9) Tracheostomy, 4 Bowel resection and
(28.6) anastomosis, 14

(100.0)

Closure of intestinal
stomas, 7 (50.0)
Creation of intestinal
stoma, 13 (92.9)
Pyloromyotomy
(open), 8 (57.1)
Intestinal atresia
repair, 5 (35.7)
Repair of imperforate
anus, 5 (35.7)
Pediatric abdominal
wall defect repair, 6
42.9)
Rectal biopsy, 4 (28.6)

Insertion of g-tube, 6
(42.9)

Ladd procedure, 4
(28.6)

Laparotomy, 14
(100.0)

Pull-through
procedure for
Hirschsprung Dis-
ease, 4 (28.6)

Resection of solid
abdominal mass, 10
(71.4)

Regional, 8 (§7.1) Thoracotomy, 7 (50.0)

Spinal, 11 (78.6) Repair of esophageal

atresia, 3 (21.4)

Removal of airway
and esophageal
foreign bodies, 5
(35.7)

Male circumcision, 14

Orchidopexy, 13
(92.9)

Repair of testicular
torsion (78.6)

Repair of imperforate

Fracture splinting, 14  Resuscitation, 13 (92.9)

(100.0) (100.0)
Pediatric hernia Casting of fractures, Suturing, 14 (100.0)
repair, 14 (100.0) 13 (92.9)

‘Wound debridement, 14
(100.0)

Incision and drainage of
abscess, 14 (100.0)

Burn management, 13

Pediatric amputation,
10 (71.4)

Traction for closed
fracture, 13 (92.9)

Treatment of open

hymen, 11 (78.6) fracture, 8 (57.1) (92.9)
Ovarian cystectomy,  Non-operative treat-  Contracture release, 4
12 (85.7) ment of clubfoot, 11 (28.6)

(78.6) Skin grafting, 11 (78.6)

Osteomyelitis man-
agement, 11 (78.6)

Spina bifida, 3 (21.4)

Laparoscopic surgeries and non-operative reduction of intussusception excluded; not performed at any participating institution

population ages 0—17 years representing a chronic shortage
of qualified pediatric surgeons in Africa [23]. In many parts
of Africa, general surgeons and medical providers attend to
the surgical needs of children [24, 25]. In this study, only
three facilities were identified with pediatric surgeons while
the majority described generalists and occasional general
surgeons functioning as the designated pediatric surgeons. In
an attempt to enhance the specialist surgeon workforce, the
College of Surgeons of East, Central, and Southern Africa
(COSECSA) was developed [26]. The pediatric surgical cur-
riculum, which now includes rotations in pediatric surgery,
general surgery, neurosurgery, orthopedics, urology, plastic
surgery, maxillofacial surgery, anatomic pathology, pediatric
intensive care, and nursery, has increased the quantity and
quality of pediatric surgical providers in many LMICs in
Africa [27]. Only one provider in the eastern DRC is pres-
ently engaged in the COSECSA training program, further
emphasizing the need for workforce capacity building with
a minimum of standardized education for non-specialized

surgical providers. In contrast, as of 2016, there are 20 pedi-
atric surgeons per 1 million children with only 19% of the
population under age 15 in the United States [6, 28].

No designated pediatric anesthesiologists were identified
in the course of this study, a finding that is similar to other
studies addressing pediatric surgical capacity and training
models in LMICs [29]. Anesthesia for pediatric surgery
patients is often limited and provided almost uniformly by
non-physicians with variable training [29-31]. Anecdotal
experiences demonstrate the significant impact that lack of
pediatric anesthesia has on the outcome of surgical proce-
dures and the complexity of procedures performed. Without
pediatric specialists for perioperative care, critical patients,
and especially infants and neonates are dependent on proper
post-operative and resuscitative therapy. As seen in this
study, however, there were very few centers with pediatric
nurses or trained neonatologists. Combined with the short-
age of pediatric surgeons, the absence of consistent provi-
sion of anesthesia contributes significantly to delays in care
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Table 5 Equipment and

oo . Equipment and supplies No. (%)

supplies in surveyed facilities

(n=14) Compressed oxygen cylinder 9 (64.3)
Oxygen concentrator 14 (100.0)
Pediatric resuscitation bag and valve mask 11 (78.6)
Oropharyngeal airway 9 (64.3)
Endotracheal tubes 13 (92.9)
Anesthesia machine 12 (85.7)
Pulse oximeter (at least one) 12 (85.7)
Oxygen mask and tubing 8(57.1)
Stethoscope (adult or pediatric) 13 (92.9)
Pediatric blood pressure monitoring equipment 7 (50.0)
Thermometer 14 (100.0)
Weighing scale (infant specific or adaptable mechanism) 12 (85.7)
Pediatric-specific abdominal surgical instruments 4 (28.6)
Kidney dish, stainless steel 13 (92.9)
Functional sterilizer (autoclave) 10 (71.4)
Functional suction pump (manual or electric) 13 (92.9)
Electrocautery machine 11 (78.6)
Apnea monitor/apnea alarm detector 3(21.4)
Syringe pumps 2(14.3)
Endoscopy (any of esophagoscope, bronchoscope, or cystoscope) 4 (28.6)
Operating room lights 13 (92.9)
Sterile and examination gloves 13 (92.9)
12 F or smaller pediatric nasogastric tube 6(42.9)
Pediatric or adaptable IV fluid infusion sets 10 (71.4)
Pediatric or adaptable blood infusion sets 10 (71.4)
IV cannulas, syringes, disposable needles, tourniquets/equivalent 14 (100.0)
Bandages sterile 12 (85.7)
Adhesive tape 11 (78.6)
Suture 12 (85.7)
Pediatric urinary catheters (including 6 F) 4 (28.6)
Sharps disposal container 14 (100.0)
Scalpel blades 14 (100.0)
Face masks 13 (92.9)
Eye protection (goggles, safety glasses) 2(14.3)
Apron 13 (92.9)
Boots (theater shoes) 10 (71.4)
Gowns for surgeon/scrub nurse 13 (92.9)
Drapes (for operation) 14 (100.0)
Chest tubes including 12 F or smaller 4 (28.6)
Pediatric or adaptable tracheostomy tubes 4 (28.6)

Laparoscopic supplies and neonatal T-piece excluded, not available at any facilities

and high mortality amongst pediatric surgical patients [32,
33].

While a number of facilities reported caring for patients
with complex congenital diseases such as intestinal atresia
and tracheoesophageal fistula, limitations in equipment and
infrastructure are concerning. The tool utilized is limited in
its ability to evaluate surgical outcome and mortality, thus
undercutting the definition of “capacity”. In the assessment
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of surgical capabilities, the Lancet Commission identified
three Bellwether procedures to be used as a proxy for surgi-
cal systems that have the ability to provide a broad range of
procedures [13]. Several studies have attempted to define a
Bellwether procedure for pediatric surgery with recommen-
dations including gastroschisis, intestinal atresia, and ano-
rectal malformations [34-36]. Though only treated at a few
facilities evaluated here, the discrepancy between procedures
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performed and available infrastructure and equipment call
attention to differential treatment practices in the absence of
parenteral nutrition and pediatric ventilators. Educational
programs and community outreach are essential to identify
available and cultural acceptable practice patterns in an
effort to address the complex, multifaceted needs for provi-
sion of surgical services that go beyond a checklist.

In addition to shortages of qualified providers affecting
provision of surgical care, this pilot study identified signifi-
cant deficits in infrastructure in two provinces of the eastern
DRC. The average score for facilities in the DRC for infra-
structure, 15.9, was only slightly lower than the median for
all countries included at 16.5 despite ranging from 8 to 25.
The areas of greatest variability included number of func-
tioning newborn incubators, consistent availability of exter-
nal electricity and running water, and access to computed
tomography for diagnostic purposes. Many of the limitations
in infrastructure were related to lack of government engage-
ment and poor monitoring of charity and mission aid [27].
At the facilities evaluated in this study, for instance, there
were a total of five operating rooms built through support
by foreign aid agencies. Unfortunately, due to the lack of
nurses and physicians, the operating rooms could not be used
and instead served as an example of inappropriate resource
allocation and poor coordination of aid [37]. With growing
interest by surgical trainees in global health, many partner-
ships have emerged in an attempt to build capacity, support
education, research, and service in surgery though the need
for measured and coordinated development is imperative
[38, 39].

Models exist for short-term surgical missions in LMICs
where limited, and often low priority, equipment and sup-
plies are delivered. Most of the facilities evaluated reported
sufficient access to basic surgical supplies but a signifi-
cant deficit in pediatric-specific equipment such as surgi-
cal instruments, anesthesia machines, and apnea monitors.
Many facilities reported adapting adult supplies for pediatric
patients when possible. For specific supplies such as urinary
catheters and nasogastric tubes, pediatric-specific supplies
often required purchase by patient families though avail-
ability within the city and province was marginal, at best,
and often dependent on donations from visiting aide teams.

Limitations

One of the major limitations in this study is in the capac-
ity assessment tool utilized. While the Pedi-PIPES tool was
specifically adapted for the assessment of surgical capacity
in LMICs, adaptations were required to apply the tool to
the sites in the DRC limiting the generalizability and com-
parability to historical sites. In comparison with the study
performed in West Africa, this study was strengthened by

having standard interview techniques and explanations of
components. While this enhanced control compared to sur-
vey distribution to surgeons across sub-Saharan Africa, it
may have also introduced some bias or response modifica-
tion introduced by the presence of the American research
team [12]. The differences in distribution of survey and
interview also significantly limit the comparability of
these data to those identified in historical controls with a
presumed tendency towards over estimation of capacity on
survey compared to interview. Additionally, there is limited
literature to explain why certain items are included in the
Pedi-PIPES tool such as a kidney dish which does not seem
to pertain specifically to pediatric surgical capacity.

As a pilot study, this study is limited by the small sample
size of hospitals surveyed and districts of DRC included
compared to the total number of hospitals in the region.
North and South Kivu were selected for pilot study based on
existing relationships with healthcare personnel to facilitate
interviews, ease of access, and increased concentration of
higher level (i.e., secondary or tertiary versus community
level) hospitals. Further studies will assess capacity for pedi-
atric surgical care in all provinces of the DRC, including the
capital city in the western part of the country. Prior to the
present study, it was believed that a single pediatric surgeon
was practicing in the capital, Kinshasa, located more than
2800 km from Goma in North Kivu, where this study was
conducted [5]. This discrepancy may represent increased
presence of surgical providers or, more likely, differential
definitions of pediatric surgeons [40—42].

While French is the official language of the DRC, four
additional national languages are considered to be primary
languages. The interviews were conducted predominantly in
French though some providers involved in the study spoke
conversational English as well [43]. While surveys report
that as many as 59% of Congolese refugees have no oral
English skills and many individuals speak native languages
without reading or writing schools, knowledge and use of
French language are nearly ubiquitous in the population of
higher education [6]. Additionally, the study was conducted
as a snapshot of hospitals acknowledging that significant
variability exists in the availability of different supplies
at different times and potential for depreciation of infra-
structure based on the fluctuating political and foreign-aid
climate.

Conclusion

This study identified significant barriers in personnel, infra-
structure, procedures, equipment, and supplies that impede
the provision of adequate surgical care to children. Com-
pared to similar assessments of historical controls in West
Africa, the barriers to accessing adequate care in the eastern
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DRC appeared to be more extensive. In-person facility vis-
its, and combination qualitative and quantitative surveys
can yield rich data to help characterize surgical needs and
opportunities for improvement in pediatric surgical infra-
structure The results of this study, ongoing evaluations of
surgical capacity in the DRC, and geospatial analysis of the
population compared to available healthcare facilities will be
used to support centralization of specialty care and improved
resource allocation. Additionally, a mechanism to enhance
training of personnel with specific attention to pediatric
surgery and triage through community providers is under
development to further support these efforts.
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