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Chapter 7 
 
 
 
 A tool and index to assess surgical capacity in low income countries: an initial implementation in 
 Sierra Leone.  

 Groen RS, Kamara TB, Dixon-Cole R, Kwon S, Kingham TP, Kushner AL. World J Surg.   
 2012;36(8):1970-7. 

 
 
 
 

Abstract 
 
Background A first step toward improving surgical care in many low and middle income countries is to 
document the need. To facilitate the collection and analysis of surgical capacity data and measure 
changes over time, Surgeons OverSeas (SOS) developed a tool and index based on personnel, 
infrastructure, procedures, equipment, and supplies (PIPES). 
 
Methods A follow-up assessment of 10 government hospitals in Sierra Leone was completed 42 months 
after an initial survey in 2008 using the PIPES tool. An index based on number of operating rooms, 
personnel, infrastructure, procedures, equipment, and supplies was calculated. An index was also 
calculated, using the 2008 data for comparison. 
 
Results Most hospitals demonstrated an increased index that correlated with site visits that verified 
improved conditions. Connaught Hospital in Sierra Leone had the highest score (9.2), consistent with its 
being the best equipped and staffed Ministry of Health and Sanitation facility. Makeni District Hospital 
had the greatest increase, from 3.8 to 7.5, consistent with a newly constructed facility. 
 
Discussion The PIPES tool was easily administered at hospitals in Sierra Leone and an index was found 
useful. Surgical capacity in Sierra Leone improved between 2008 and 2011, as demonstrated by an 
increase in the overall PIPES indices. 
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Abstract 
Background A first step toward improving surgical care 
in many low and middle income countries is to document 
the need. To facilitate the collection and analysis of sur- 
gical capacity data and measure changes over time, Sur- 
geons OverSeas (SOS) developed a tool and index based on 
personnel, infrastructure, procedures, equipment, and sup- 
plies (PIPES). 
Methods A follow-up assessment of 10 government 
hospitals in Sierra Leone was completed 42 months after 
an initial survey in 2008 using the PIPES tool. An index 
based on number of operating rooms, personnel, infra- 
structure, procedures, equipment, and supplies was calcu- 
lated. An index was also calculated, using the 2008 data for 
comparison. 
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Results Most hospitals demonstrated an increased index 
that correlated with site visits that verified improved con- 
ditions. Connaught Hospital in Sierra Leone had the highest 
score (9.2), consistent with its being the best equipped and 
staffed Ministry of Health and Sanitation facility. Makeni 
District Hospital had the greatest increase, from 3.8 to 7.5, 
consistent with a newly constructed facility. 
Discussion The PIPES tool was easily administered at 
hospitals in Sierra Leone and an index was found useful. 
Surgical capacity in Sierra Leone improved between 2008 
and 2011, as demonstrated by an increase in the overall 
PIPES indices. 

 
 
Introduction 

 
With surgery increasingly recognized as an important 
component of public health [1], there is a need to charac- 
terize conditions at the health facilities where surgical care 
is provided in low and middle income countries. Such 
information will allow clinicians, policy  makers, health 
care planners and donors to more easily identify gaps and 
evaluate interventions. 

In 2008, the World Health Organization (WHO) devel- 
oped a Tool for the Situational Analysis of Emergency and 
Essential Surgical Care (WHO tool) to measure surgical 
capacity [2]. To date nine individual country reports have 
been published using the WHO tool [3–11] despite limi- 
tations, which include collected data sets that are difficult 
to analyze and sections that are ambiguous or difficult for 
respondents to clearly answer. Osen et al. [12] validated the 
WHO tool and stated that questions related to process of 
care had poor reliability and should be revised. Unfortu- 
nately, to date despite repeated requests no revision of the 
WHO tool has been done. 
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In addition to only documenting the surgical capacity of 
a facility or multiple facilities in a country, an index to 
more easily compare facilities with each other and over 
time would be useful. Kwon et al. [13] recently published a 
technique for calculating an index using the WHO tool. 
However, given the limitations of the WHO tool, the index 
is also relatively cumbersome to apply. 

In light of the limitations of the WHO tool, the inability 
to easily calculate an index, and the lack of accessibility to 
the database holding the data collected by WHO, a decision 
was made to develop a novel tool. 

The aim of this article is to highlight a novel surgical 
capacity survey based on personnel, infrastructure, proce- 
dures, equipment and supplies (PIPES). This new PIPES 
tool was designed to be easy to administer, to allow simple 
data analysis, to permit comparison between facilities, and 
to document changes in the surgical capacity of facilities 
over time. 

 
 

Methods 
 

The PIPES tool was developed by modifying the WHO 
tool and including the absolute numbers of hospital beds 
and operating rooms; a binary system of measurement to 
enable easier counting of available items; omitting reasons 
for not performing procedures; and restructuring and 
streamlining individual questions. 

The final PIPES tool has 105 total data items, compared 
to the 256 of the WHO tool. The 105 data items are divided 
into five sections: Personnel, Infrastructure, Procedures, 
Equipment,  and  Supplies.  Individual  scores  for  each 

section are calculated by adding 1 point for each item that 
is present, functioning, and always available in sufficient 
quantities. 

The PIPES tool is available on the Surgeons OverSeas 
(SOS) website www.surgeonsoverseas.org and as Appen- 
dix 1 to this article. 

 
Survey site 

 
For the purposes of this study, the PIPES tool was used in 
Sierra Leone, a small West African country with a popu- 
lation of 6 million, with a documented lack of surgical 
capacity [3]. Sierra Leone was chosen due to an earlier 
assessment and the longstanding relationship between local 
surgeons and the Ministry of Health and Sanitation 
(MOHS) and Surgeons OverSeas (SOS) [14]. 

The PIPES  tool  was  used at 10  MOHS hospitals  in 
August 2011, 42 months after an initial survey that docu- 
mented the limited surgical capacity [2]. During the site 
visits, key  administrative personnel and  clinicians  were 
interviewed and a survey form was completed for each 
facility. 

The 10 hospitals assessed included five facilities in the 
Sierra Leone capital, Freetown, and five facilities outside 
of Freetown (Table 1). These 10 facilities are the main 
MOHS hospitals providing surgery to the majority of the 
population (Fig. 1). 

 
Use of PIPES and calculation of the index 

 
From the data collected, a Personnel score was calculated 
by adding 1 point for each full time staff member recorded 

 
 

Table 1  Sierra Leone Ministry of Health and Sanitation Hospitals (MOHS) 2008 and 2011: facility type, number of operating rooms, surgery, 
and anesthesia staff 

 

Hospital name Facility 
type 

Hospital patient 
beds 2011 (2008) 

Operating rooms 
2011 (2008) 

Surgery staff 
2011 (2008) 

Anesthesia staff 
2011 (2008) 

Capital city (Freetown) hospitals 
Rokupa Secondary 58 (30) 1 (1) 1 (1) 2 (1) 
Lumley District 37 (35) 1 (1) 2 (2) 4 (1) 
Kingharman Secondary 30 (20) 1 (1) 4 (6) 3 (2) 
PCMH Maternity 147 (120) 3 (1) 8 (4) 8 (6) 
Connaught Tertiary 327 (267) 3 (2) 5 (7) 6 (7) 

District hospitals      
Margburka District 154 (146) 1 (1) 1 (1) 1 (1) 
Port Loko District 85 (200) 1 (1) 2 (1) 2 (2) 
Moyamba District 82 (30) 2(1) 1 (1) 1 (1) 
Makeni Regional 250 (50) 1 (1) 2 (1) 2 (1) 
Bo Regional 320 (450) 3 (2) 4 (3) 3 (1) 

Total  1,490 (1,348) 17 (12) 30 (27) 32 (23) 

PCMH Princess Christian Maternity Hospital 
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Fig. 1  Map of Sierra Leone with Ministry of Health and Sanitation (MOHS) hospitals surveyed 
 

for each of four data items: surgical specialists, doctors 
with surgical skills, anesthesiologists (MD), or nurse 
anesthetists. Staff members who were only available on a 
part time basis were not included. There was no limit to the 
Personnel score. 

An Infrastructure score was calculated by adding the 
number of operating rooms and 1 point for each data item 
that was always available or functioning from a list of 13 
additional items that included: running water, electricity, 
generator, incinerator, medical records, emergency depart- 
ment, recovery room, intensive care unit, blood bank, lab- 
oratory (to test blood and urine), X-ray machine, ultrasound 
machine, and computed tomography (CT) scanner. 

A procedure score was calculated by adding 1 point for 
each of the 40 data item procedures that were undertaken at 
the facility. For a maternity hospital that does not routinely 
perform many general surgery or other specialty proce- 
dures, a reduced procedure score was calculated using only 
19 data items. 

An Equipment score was calculated by adding 1 point 
for each of the 22 equipment items; a supplies score was 
calculated by adding 1 point for each of the 25 supply 
items; and the number of operating rooms was added 
separately. 

A PIPES Index for a hospital was calculated by sum- 
ming the number of operating rooms and the Personnel, 
Infrastructure, Procedure, Equipment, and Supplies scores. 
This number was then divided by the total number of data 
items (105) and multiplied by 10 to create the PIPES index. 

For a maternity hospital with a lower possible procedure 
score, the  total was  divided by 84,  in  order to have a 
comparable index. There is no maximum number for the 
PIPES index, based on the fact that there is no limit on 
number of personnel and operating rooms. 

 
Use of 2008 data 

 
To enable comparison of the 2008 survey data and the 2011 
survey results, a 2008 PIPES index was also calculated. To 
do this, the data were first re-recorded in binary form as 
either ‘‘always available’’ or ‘‘not always available’’ 
instead of ‘‘absent,’’ ‘‘available with frequent shortages,’’ 
or ‘‘fully available for all the patients all the time.’’ Items 
that were always available were given 1 point. If a data 
item was not recorded or blank, ‘‘0’’ was used in the cal- 
culation. Part-time personnel were not included in the sum 
of the Personnel score. 

For the 2008 PIPES Index, a total of 64 data items were 
included. For a Procedure score, total number of personnel 
was calculated from four data items: surgical specialist, 
doctor with surgical skills, anesthesiologist (MD), and 
nurse anesthetist. 

An Infrastructure score was calculated from six data 
items: running water, electricity, generator, medical 
records, emergency room, and recovery room. The Proce- 
dure score was calculated from 33 data items (11 for a 
maternity hospital); for Equipment we used 13 data items 
and for supplies, seven. 

 
 

Locations of Assessed Hospitals in Sierra Leone
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The 2008 PIPES index was then calculated by summing 
the number of operating rooms, Personnel score, Infra- 
structure score, Procedure score, Equipment score, and 
Supplies score. The total was divided by 64 (total number 
of data items) and multiplied by 10. For a maternity hos- 
pital, the total score was divided by 42. 

 
 

Results 
 

The PIPES tool and index showed an overall increase in 
surgical capacity in Sierra Leone between the first survey 
in 2008 and the repeated survey in 2011. The number of 
hospital patient beds in each facility in 2011 ranged from 
30 beds to 327 beds, with a total of 1,490, compared to 
1,398 in 2008. All facilities gained beds except for Port 
Loko and Bo, where the number of beds decreased over 
this 3 year period, from 200 to 85, and from 450 to 320. 
Most facilities still had only one operating room, although 
Connaught and Moyamba increased from 1 to 2; PCMH 
increased from 1 to 3, and Bo, from 2 to 3. Most facilities 
either gained staff or stayed the same in the comparison of 
2011 data with the older numbers from 2008. Of note was 
Connaught Hospital, where the number of surgeons 
decreased by two and anesthesia staff decreased by one; 
and Kingharman, where surgeons also decreased by two. In 
2011 the survey found an overall facilities total of 17 
operating rooms, 30 surgical staff, and 32 anesthesia staff 
(Table 1). 

The PIPES indices formulated for the 10 hospitals in 
2011 and in 2008 are shown in Fig. 2. Connaught Hospital, 
the main tertiary referral center, had the highest index 
increase, from 7.2 to 9.2, which correlated well with its 
being the best staffed and equipped MOHS hospital pro- 
viding surgical care in Sierra Leone. The increase in the 
index also reflected the improvements that have been seen 
since 2008, which now include running water, full elec- 
tricity, full generators, compressed oxygen in cylinders, 
endoscopes, an intensive care unit, and a CT scanner. 

Makeni Regional Hospital showed a large increase in 
PIPES Index, from 3.8 to 7.5, and this was reflected by the 
newly built and equipped facility which, despite improve- 
ments, still faces many issues: there is only one functioning 
operating room, and there is no compressed oxygen and no 
running water. Moyamba District Hospital also improved 
greatly, with its score increasing from 3.4 in 2008 (the 
lowest) to 5.7 in 2011. 

The other facilities, with the exception of Magburaka 
District Hospital and Bo Regional Hospital, showed some 
increase in indices, which probably indicates some slight 
improvements. The Margburka District Hospital had a 
lower index in 2011, from 3.8 down to 3.7. It was noted to 
be the hospital with the greatest deficiencies in 2008, and 

during the 2011 visit it was being renovated and therefore 
the care provided was limited. The Bo Regional Hospital 
index also decreased, from 5.8 to 5.5. 

Although many of the facilities  had improved,  there 
were still great deficiencies in basic infrastructure ele- 
ments, such as running water or electricity. Staffing 
shortages were common at all facilities, and most hospitals 
could not undertake complex operations such as open 
fracture management or specialized cases such as pediatric 
and plastic surgery. Many facilities also lacked many of the 
items needed to provide safe and appropriate surgery, with 
limited numbers of anesthesia machines, oximeters, 
instrument sets, gowns, drapes, sutures, and eye protection. 

Surgical capacity within Freetown was much greater 
than in the district hospitals, and this is illustrated by the 
differences in PIPES Index between the two areas (Fig. 2). 

 
 

Discussion 
 

Recently published studies have documented the surgical 
capacity of a number of low and middle income countries. 
While the majority of these studies have used the WHO 
tool [3–11], studies from Rwanda [15] and Malawi [16] 
used other survey tools. The WHO tool has a number of 
significant limitations, which we felt warranted develop- 
ment of a novel tool. The limitations include difficulty in 
data analysis, length of the survey, poor reliability of 
process methods sections, and limited access to data col- 
lected by WHO. 

To address these limitations, the PIPES tool was 
developed as a simpler, easier to administer survey. The 
use of the PIPES tool in Sierra Leone confirmed that it 
could be administered easily, and showed that data analysis 
was simplified and that a useful index could be calculated. 

This study was done with the support of the Sierra 
Leone MOHS, which assisted with personnel and transport, 
and the data collected will be used to help plan interven- 
tions. The data will also be used to direct SOS programs, 
which in the past have included supporting salaries of 
surgical health care workers at Connaught Hospital, pro- 
viding containers of equipment and supplies, and assisting 
with training workshops [14]. 

There are multiple limitations to this study. First is that 
the repeat assessment did not use the WHO tool. Though 
the use of the WHO tool was initially considered, it was 
finally decided that doing a repeat assessment with that tool 
would not be ideal, given the length of the survey, diffi- 
cultly in administering it, and the difficulty in analyzing the 
data and calculating an index. The grouped response totals 
for data in the WHO tool for items such as number of 
operating rooms and patient beds, and the lack of a 
definitive  measure  of  whether  supplies  were  ‘‘always 
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available’’ or ‘‘not always available’’ make the WHO tool 
data difficult to analyze. A second limitation is that to 
compare PIPES Indices and show change over time, the 
2008 survey data had to be reanalyzed and converted into a 
PIPES index. As this conversion used the method of Kwon 
et al. [13] we felt that it was suitable for showing changes 
over time. In addition, the results of the changes in PIPES 
indices correlated well with what was known to have 
occurred with improvements at the various facilities. 

Another limitation is that there are no outcome measures 
provided in this survey. While measuring morbidity, mor- 
tality, length of stay, or number of operations is important, 
the data collection surrounding these factors often requires 
significant time and effort. As the aim of the PIPES tool 
was to provide a quick snapshot that could be repeated 
easily, these other items were not included. 

As stated, this study provides only a snapshot in time, 
and it is important to consider that conditions are often fluid. 
Staff begin and leave postings; skills are developed and new 
procedures undertaken; supplies are available or not; and 
equipment is replaced or breaks down. However, a survey 
tool that is easy to administer and that provides data simple 
to analyze is vital in planning interventions and evaluating 
programs. Also of primary importance is the realization that 
not many resources are needed to undertake a PIPES sur- 
vey. Unlike the WHO tool, the PIPES survey is easy to 
administer and analyze. However, whichever tool is used, it 
is hoped that organizations and ministries of health will 
incorporate such surveys into their yearly planning so as to 
assess baseline conditions and track changes over time. 

This is the first time the PIPES tool has been used in a 
research study, but plans are underway to use it to assess 
the surgical capacity in health facilities in other low 
income countries in Africa and middle income countries in 
South America. Plans are also underway to undertake a 
validation study whereby surveys will be emailed to hos- 
pital personnel or filled in by phone interviews, after which 
the facilities will be reassessed during follow-up on-site 
visits. 

For this study, only the 10 MOHS hospitals assessed in 
2008 that provide most of the surgical care in Sierra Leone 
were evaluated. Although surgical care is provided by other 
private and non-governmental hospitals in Sierra Leone, 
those facilities were not surveyed for this study as the main 
focus was to test the PIPES tool and index and to provide a 
comparison over time. In addition, these other facilities are 
supported by outside funding and resources and are beyond 
the control of the MOHS. 

The PIPES index was created based on the work by 
Kwon et al. [13] to develop a surgical capacity index. In 
creating the PIPES index, we decided not to limit the 
number of operating rooms or personnel, as this would 
allow these items to carry heavier statistical weight. It is 
thought that as a health system improves, a plateau of the 
assessed infrastructure, supplies, and equipment will be 
reached. Eventually, the surveyed items will always be 
available and all procedures should be performed. How- 
ever, it will be the number of operating rooms and numbers 
of full time staff that will make the difference in the care 
provided. 
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Conclusions Appendix continued 

Country: 
As interest in surgery increases within the global health    
community, and as donors and policy makers begin to look 
at surgical projects, a clear, concise way of evaluating 
surgical capacity is needed. The PIPES tool was found to 
be useful in Sierra Leone to re-evaluate 10 MOHS hospi- 
tals, and a PIPES index was calculated which facilitated 
comparing hospitals with each other and over time. 

 
Conflict of interest    None 

 
 
 
 

Appendix 1 
 

This survey is made to assess the gaps in availability of 

Lab to test blood and urine? 
Functioning x-ray machine? 
Functioning ultrasound 

machine? 
Functioning CT scanner? 
Sub Total I score: 

(give 1 point to each 
available item) 

Number of functioning 
operating rooms: 

Total I score: (add subtotal ? 
No. of operating rooms) 

 
 
 

Procedures (40) Done (1) Not done (0) 
surgical care at resource-limited health facilities. This tool    
has105 total data items divided into five sections: personnel, 
infrastructure, procedures, equipment, and supplies (PIPES). 

 
Form for completing the PIPES tool   

Country: 

Interviewer: Name/contact info 
Health care facility: Name/address 
Phone interview or site visit: 
Respondent: Name/contact info 
Type of Healthcare Facility: (Health 

Center, District, Tertiary, Univ, 
Private, NGO, Mission) 

Hospital beds (total numbers) 

Personnel (4) Total number 
 

General surgeons 
Anesthesiologists (MD)  
Medical doctors (doing surgery) 
Nurse anesthetists 
Total P score: (add all the numbers 

of Personnel) 

Resuscitation 
Suturing 
Wound debridement 
Incision & drainage of abscess 
Laparotomy 
Cricothyroidotomy 
Tracheostomy 
Chest tube insertion 
Burn management 
Cesarean section 
Dilatation and curettage 
Tubal ligation 
Hysterectomy 
Obstetric fistula repair 
Appendectomy 
Hernia repair—elective 
Hernia repair—strangulated 
Hydrocele 
Bowel resection and anastomosis 
Male circumcision 
Biopsy (lymph node, mass, other) 

Infrastructure (14) Always 
available 
(1) 

 
Running water? 
External electricity? 
Functioning back-up generator? 
Incinerator? 
Medical records? 
Emergency department? 
Postoperative care area? 
Intensive Care Unit? 
Pretested blood available 

(blood bank)? 

Not always 
available 
(0) 

Cholecystectomy 
Skin grafting 
Pediatric hernia repair 
Pediatric abdominal wall defects 
Repair imperforate anus 
Splinting 
Casting 
Traction (closed fracture) 
Open treatment of fracture 
Management of osteomyelitis 
Amputation 
Clubfoot repair 
Cleft lip repair 
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Procedures (40) Done (1)   Not done (0) 
 

Contracture release 
Laparoscopic surgery 
Regional anesthesia blocks 
Spinal anesthesia 
Ketamine anesthesia 
General anesthesia 
Total Pr score: (add all procedures done) 

Supplies (25)  Always 
available/ 
sufficient (1) 

 
IV cannulas 
Syringes 
Disposable needles 
Tourniquet 
Sterile gauze 

Not always 
available/sufficient 
(0) 

   Bandages, sterile 
Adhesive tape 
Suture (absorbable) 

Equipment (22) Always 
available (1) 

Not always 
available (0) Suture (non-absorbable) 

   Urinary catheters 
Oxygen: compressed (cylinder) 
Oxygen: concentrator 
Resuscitator bag valve and mask 

(adult) 
Resuscitator bag valve and mask 

(paediatric) 
Oropharyngeal airway (adult size) 
Oropharyngeal airway (paediatric) 
Endotrachael tubes (adult) 
Endotrachael tubes (pediatric) 
Anesthesia machine 
Pulse oxyimeter 
Oxygen mask and tubing 
Stethoscope 
Blood pressure measuring 

equipment 
Thermometer 
Instrument sets (abdominal, 

c-section) 
Kidney dish, stainless-steel 
Sterilizer (autoclave) 
Suction pump (manual or electric) 
Electrocautery machine 
Vaginal speculum 
Endoscopes (gastro, colon, broch) 
Operating room lights 
Total E score: (add all Equipment 

available) 

Sharps disposal container 
Scalpel blades 
Face masks 
Eye protection (goggles, 

safety glasses) 
Apron 
Boots (operating room 

shoes) 
Gowns (for surgeon/scrub 

nurse) 
Drapes (for operations) 
Chest tubes 
Trach tubes 
Laparoscopic supplies 
Total S score: (add all 

supplies sufficient 
available) 

 
 
 
 

A total PIPES index is calculated by summing the 
number of the Personnel, Infrastructure and number of 
operating rooms, Procedure, Equipment, and Supplies 
scores. This number is then divided by the total number of 
data items (105) and multiplied by 10 to create the PIPES 
index. For a maternity hospital or otherwise categorical 
hospital with a lower possible Procedure score, the number 
of reduced data items is used. There is no maximum 
number for the PIPES index. 

 
 

Supplies (25)  Always available/ 
sufficient (1) 

 
Gloves (sterile) 
Gloves 

(examination) 
Nasogastric 

tubes 
Intravenous fluid 

infusion sets 

Not always available/ 
sufficient (0) 

P score: (no maximum) 
I score: (maximum 13 plus numbers of functioning 

operating rooms) 
Pr score: (maximum of 40) 
E score: (maximum of 22) 
S score: (maximum of 25) 
Total PIPES 

score: 
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Divide the total score by 105 and multiply by 10 for the 
PIPES index: 

(Total PIPES score/105) x 10 = 
Questions regarding PIPES or access to an iPad appli- 

cation can be forwarded to: reinou@humanitariansurgery. 
org 
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Abstract	  
	  
Background	  Traditionally,	  efforts	  to	  reduce	  child	  mortality	  in	  low-‐	  and	  middle-‐income	  countries	  (LMICs)	  
have	   focused	   on	   infectious	   diseases.	   However,	   surgical	   care	   is	   increasingly	   seen	   as	   an	   important	  
component	  of	  primary	  health	  care.	  To	  understand	  the	  baseline	  surgical	  capacity	  in	  LMICs,	  a	  number	  of	  
studies	  have	  recently	  been	  published,	  but	  none	  has	  focused	  on	  pediatric	  surgery.	  
	  
Methods	  The	  Surgeons	  OverSeas	  (SOS)	  Personnel,	  Infrastructure,	  Procedures,	  Equipment	  and	  Supplies	  
(PIPES)	  survey	  was	  used	  to	  collect	  surgical	  capacity	  data	  from	  government	  hospitals	  in	  Sierra	  Leone.	  The	  
data	  were	  analyzed	  specifically	  to	  identify	  baseline	  needs	  for	  pediatric	  surgery.	  
	  
Results	  Nine	  hospitals	  were	  assessed,	  and	  all	  had	  a	  functioning	  laboratory	  to	  test	  blood	  and	  urine	  and	  
were	  capable	  of	  undertaking	  resuscitation,	  suturing,	  wound	  debridement,	  incision	  and	  drainage	  of	  an	  
abscess,	  appendectomy,	  and	  male	  circumcision.	  However,	  in	  only	  67	  %	  could	  a	  pediatric	  hernia	  repair	  
be	   performed,	   and	   in	   none	   were	   more	   complex	   procedures	   such	   as	   cleft	   lip	   and	   clubfoot	   repairs	  
performed.	  Fewer	  than	  50	  %	  of	  facilities	  had	  sufficient	  gloves,	  nasogastric	  tubes,	  intravenous	  cannulas,	  
syringes,	   needles,	   sutures,	   urinary	   catheters,	   infusion	   sets,	   anesthesia	   machines,	   or	   compressed	  
oxygen.	  
	  
Conclusion	  Using	  the	  standard	  PIPES	  tool,	  we	  found	  severe	  deficiencies	  in	  the	  pediatric	  surgical	  capacity	  
at	  government	  hospitals	   in	  Sierra	  Leone.	  However,	  a	  pediatric-‐specific	   tool	   is	   required	  to	  understand	  
more	  accurately	  the	  pediatric	  surgical	  situation.	  
	   	  


