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Objective: We sought to perform a systematic, comprehensive, and nation-

wide cross-sectional analysis of surgical capacity in Lebanon.

Background: Providing surgical care in refugee areas is increasingly recog-

nized as a global health priority. The surgical capacity of Lebanon where at

least 1 in 6 inhabitants is currently a refugee remains unknown.

Methods: The Surgical Capacity in Areas with Refugees cross-sectional

study included 3 steps: (1) geographically mapping all hospitals providing

surgical care in Lebanon, (2) systematically assessing each hospital’s surgical

capacity, and (3) identifying surgical care gaps/disparities. First, a list of

hospitals in Lebanon and their locations was generated combining data from

the Lebanese Ministry of Health and Syndicate of Hospitals. Specialty,

rehabilitation, and maternity facilities were excluded. Second, the validated

5 domain Personnel, Infrastructure, Procedures, Equipment, and Supplies

(PIPES) tool was administered in each hospital through a face-to-face or

phone interview. Hospitals’ PIPES indices were computed; data were aggre-

gated and analyzed for geographic and private/public disparities.

Results: A total of 129 hospitals were geographically mapped; 20% were

public. The PIPES tool was administered in all hospitals (100%). The mean

PIPES index was 10.98 (Personnel ¼ 14.91, Infrastructure ¼ 15.36, Proce-

dures ¼ 37.47, Equipment ¼ 21.63, Supplies ¼ 24.78). The number of

hospital beds, operating rooms, surgeons, and anesthesiologists per 100,000

people were 217, 8, 16, and 9, respectively. Deficiencies in infrastructure were

significant, whereby 62%, 36%, 16%, and 5% of hospitals lack incinerators,

pretested blood, intensive care units, and computed tomography, respectively.

Continuous external electricity was lacking in 16 hospitals (12%). Compared

to private hospitals, public hospitals had a lower PIPES index (10.48 vs 11.1,

P ¼ 0.022), including lower Personnel and Infrastructure scores (12.31 vs

15.57, P ¼ 0.03; 14.04 vs 15.7, P ¼ 0.003, respectively). Geographically,

the administrative governorates with highest refugee concentrations had
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the lowest PIPES indices.
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Conclusions: Evaluating surgical capacity in Lebanon reveals significant

deficiencies, most pronounced in public hospitals in which refugee care is

provided and in areas with the highest refugee concentration.

Keywords: conflict, essential surgery, global surgery, healthcare systems,

Lebanon, middle east, PIPES, refugee health, surgical capacity, Syria

(Ann Surg 2019;269:1206–1214)

S urgical care is increasingly recognized as an essential component
of a robust public health system.1–3 In 2015, The Lancet Global

Surgery 2030 Commission emphasized the lack of access to safe and
essential life-saving surgical care as a major barrier to reducing
morbidity and mortality from common and otherwise treatable con-
ditions.1,2 The unmet surgical need disproportionately affects low and
middle income countries (LMIC), where an estimated 9 out of 10
people cannot access basic surgical care.1,4 This mismatch between
need and access in LMIC is often multifactorial and attributed to an
insufficient surgical workforce, suboptimal healthcare infrastructure,
in addition to multiple socioeconomic and geographic barriers, too
often related to an unstable political situation.1,5–7

The Syrian civil war, ongoing since March 2011, has had a
profound and devastating impact on civilians, infrastructure, health
systems, social structures, and the environment.7–10 Regionally, the
conflict has caused large-scale internal and external displacement of
Syrian civilians and Palestinian refugees.9 It is now estimated that
greater than 7.5 million people are displaced within Syria; 5 million
others have moved to and registered as refugees in surrounding
Jordan, Lebanon, and Turkey, or North Africa.11 Over the course of
the last few years, Lebanon has accepted 1 to 1.5 million Syrian
refugees, increasing its population by 30% in 6 years to over
6 million people.6,11,12

Lebanon is a small country bordering Syria in the eastern
Mediterranean region. It is classified by the World Bank as an upper
middle-income country, with a gross national income (World Bank
Atlas Method) of $7680 per capita.12 Even before the Syrian crisis,
Lebanon was experiencing significant and widening inequalities in
the distribution of financial and healthcare resources, with most
human and technical resources being centralized in the capital,
Beirut.6 The already-strained healthcare system is currently facing
an increasing surgical load due to the continuing influx of Syrian
refugees.6,8 The paucity of national healthcare statistics has made it
particularly challenging to develop and implement national policies
to mitigate the unmet surgical needs of both the national and
refugee populations.

In this Surgical Capacity in Areas with Refugees study, and
using the Personnel, Infrastructure, Procedures, Equipment, and Sup-
plies (PIPES) tool, we aimed to perform a systematic, comprehensive,
er Health, Inc. All rights reserved.

and nationwide cross-sectional assessment of surgical capacity in
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Lebanon. In addition to helping policymakers in Lebanon deal with the
healthcare needs in times of refugees, we also hope our study can serve
as a model to assess the healthcare readiness of other areas of the world
dealing with natural disasters or conflicts leading to the influx of large
numbers of refugees or internally displaced people.

METHODS

The Surgical Capacity in Areas with Refugees study included
3 steps: (1) geographically mapping all functioning healthcare
facilities that provide surgical care in Lebanon, (2) systematically
assessing the surgical capacity of each of these facilities (and
subsequently the national surgical capacity), and (3) identifying
surgical care gaps and disparities (geographic, public vs private).

Geographic Mapping
A list of all hospitals in Lebanon and their locations was first

compiled combining and reconciling data from 2 data sources: The
Lebanese Ministry of Public Health and the Lebanese Syndicate of
Hospitals. Only healthcare facilities that provide surgical care,
defined by the Lancet Global Surgery 2030 commission as being:
‘‘The provision of operative, perioperative, and nonoperative man-
agement; anesthesia; and obstetric care for all surgical conditions,’’1

were included. Chronic care facilities, specialty clinics, rehabilita-
tion centers, and maternity hospitals were excluded. Several geo-
graphic maps were created delineating the location, size, and surgical
capacity of all these hospitals.

Assessing Surgical Capacity
The surgical capacity of each hospital was assessed using the

PIPES tool. The PIPES instrument, a modified version of the World
Health Organization Situational Analysis survey,13 was developed by
Surgeons Overseas as a tool to measure surgical capacity in
LMIC.14,15 The PIPES tool has been previously validated in 13
LMIC countries in South America and Africa.5,15–18 Between April
2014 and April 2017, the PIPES tool was administered in each of the
hospitals through a face-to-face meeting, when feasible, or a phone
interview, when geographic, security, or logistical barriers prevented
the research team from physically reaching the hospital. Before the
interview, each hospital was contacted for as many times as needed
until a response was obtained. The tool was exclusively administered
to hospital leadership personnel officially carrying 1 of the 4
following titles: hospital director, general director, surgery director,
or chair of surgery. During the meeting interview, trained personnel
administered each item on the PIPES instrument and explained them,
when needed. When needed, the interviewee would contact the
appropriate hospital staff to provide the most accurate survey
answers. For surveys administered over the phone, the survey and
its items were reviewed and often administered over the phone. When
occasionally desired by the interviewee, the survey itself was sent by
email or fax for completion. In this study, we used English and
Arabic-translated PIPES survey tools.

The PIPES tool evaluates 5 domains of surgical capacity
(Appendix 1, http://links.lww.com/SLA/B373): (1) Personnel (eg,
number of trained surgeons or anesthesiologists), (2) Infrastructure
(eg, presence of continuous electricity, number of operating rooms,
presence of an intensive care unit), (3) Procedures (ie, types of
surgical procedures performed), (4) Equipment (eg, presence of
laparoscopic instruments, endoscopes), and (5) Supplies (eg, gloves,
protective gear, sutures, chest tubes). The Personnel score is calcu-
lated by adding 1 point for each full-time general surgeon, anesthe-
siologist, medical doctor with surgical skills, and nurse anesthetist.
Scores from the Infrastructure, Procedures, Equipment, and Supplies
sections are calculated by assigning 1 point for each of the survey
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items that are reported as ‘‘always available’’ or 0 for ‘‘Not always

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
available.’’ Of the 105 survey items, the item titled ‘‘Medical Doctors
with Surgical Skills’’ in the Personnel section was excluded in our
study due to a consistent misunderstanding of the question by the
hospital administrators. For each hospital, the PIPES index was
computed by summing each section domain scores, dividing by
the total number of included data items (104) and multiplying by
10. A higher PIPES index corresponds to a greater availability of
surgical services in a given institutional or regional level. Because
there is no upper limit to the Personnel Score (P-Score), the PIPES
index does not have a maximum value.

Identifying Disparities and Gaps in Surgical
Capacity

The overall country mean PIPES index was calculated, and the
mean PIPES indices for each of the 5 domains described above. With
the knowledge that refugees’ health access is mostly achieved
through public services and nongovernmental organizations rather
than private hospitals,6,19 and with a basic understanding of the
patterns of geographic distribution of refugees, data were aggregated,
the PIPES indices were calculated, and surgical capacity overall and
within each domain were compared between public and private
hospitals and across the country’s 8 administrative directorates to
identify geographic and private/public surgical care disparities.

Data Analysis and Statistical Methods
Descriptive table statistics were presented as means and stan-

dard deviations (SD), medians, and interquartile ranges (IQRs), fre-
quency, and percentages. Comparisons between private and public
sector hospitals were performed using unpaired 2-sample z test for
proportions and Student t tests for sample means assuming unequal
variances between the 2 groups. Statistical significance was indicated
at P < 0.05. Since the comparisons across the 5 PIPES domains were
planned a priori, a Bonferroni correction was not applied. A 1-way
single factor analysis of variance test was calculated on PIPES indices
and section subtotals across the 8 different governorates. In the case of
a statistically significant result in the analysis of variance, we con-
ducted a post-hoc analysis using the Tukey’s Honest Significant
Difference test with multiple comparisons to determine which of
the governorates were significantly different from each other.

Ethical Oversight
An Institutional Review Board approval was sought and

waived by the American University of Beirut Institutional Review
Board.

Role of the Funding Source
This study was not funded by third party (government, com-

mercial, private foundation, etc) sources. No external organizations,
private or public, had any role in the design, conduct, analysis, or
writing up of the study.

RESULTS

Geographic Mapping
Using data from the Lebanese Ministry of Public Health and

the Lebanese Syndicate of Hospitals, an initial list of 164 healthcare
facilities was compiled. After excluding chronic care facilities,
healthcare posts, specialty clinics, long-term nursing and rehabilita-
tion centers, closed facilities, and maternity hospitals, a total of 129
hospitals (Supplemental Table, http://links.lww.com/SLA/B374)
were geographically mapped across the 8 administrative governo-
rates (Supplemental Figure, http://links.lww.com/SLA/B374). In
summary, 58 hospitals (45%) were located in Beirut and Mount
er Health, Inc. All rights reserved.

Lebanon; 71 hospitals (55%) were distributed across the 6 other
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directorates. The majority of hospitals (80%) were private; only 26
hospitals (20%) were public.

Surgical Capacity: Overall
The PIPES tool was successfully administered in all 129

hospitals (100%), 65 (50%) with a face-to-face meeting, and 64
(50%) by phone. The mean overall PIPES index across all hospitals
was 10.98 (SD: 1.20, range: 5.87–16.35). The corresponding PIPES
mean subtotal scores for each of the 5 domains were Personnel¼ 14.91
(SD: 8.17, range: 1–56), Infrastructure ¼ 15.36 (3.05, 8–27), Proce-
dures ¼ 37.47 (3.57, 9–40), Equipment ¼ 21.63 (0.84, 16–22), and
Supplies¼ 24.78 (0.84, 17–25). Table 1 provides a detailed overview
of the consolidated and subtotals of the PIPES indices in Lebanon
across all hospitals and in private and public hospitals separately. In
summary, the number of hospital beds and operating rooms in Lebanon
were 217.2 and 8.2 per 100,000 people, respectively. The number of
surgeons and anesthesiologists were 16.4 and 8.6 per 100,000 people,
respectively. The median number of beds per hospital was 75 (IQR
57.5–125.5). Only 5 (4%) hospitals had 300 or more beds.

Surgical Capacity: Personnel
Table 2 presents data on the Personnel domain across all

hospitals and in private and public hospitals separately. In total, 985
surgeons, 516 anesthesiologists, and 423 nurse anesthetists were
reported to provide hospital-based surgical care in Lebanon.
The majority of surgeons (82%), anesthesiologists (82%), and nurse
anesthetists (89%) worked in the private rather than the public
sector. The median number of surgeons, anesthesiologists, and
nurse anesthetist per hospital were 6 (IQR 5–10), 3 (3–5), and 3
(1–4), respectively.

Surgical Capacity: Infrastructure
Table 2 describes the Infrastructure domain across all hospi-

tals and in private and public hospitals separately. There is a total of
494 functioning operating rooms in Lebanon. The median number of
functioning operating rooms per hospital was 3 (IQR 2–4). The
majority of hospitals had access to infrastructure items such as
running water (98%), medical records (99%), blood and urine
laboratory testing (99%), functioning x-ray machines (100%), and
ultrasound machines (99%). Major infrastructure deficiencies were
noted: 62%, 36%, 16%, and 5% of hospitals were lacking an
incinerator, pretested available blood, an intensive care unit, or a
computed tomography, respectively. Continuous external electricity
was lacking in 16 hospitals (12%), but only 2 hospitals (2%) did not
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have a functioning backup generator.

TABLE 1. Analysis of Overall Personnel, Infrastructure, Procedures
and Major Personnel, Infrastructure, Procedures, Equipment, and
in Lebanon

All Lebanon (n ¼ 129) P

Median number of hospital beds (IQR) 75 (47.5–125.5)
Median PIPES index (IQR) 10.87 (10.29–11.44)
Range of PIPES indices; min, max 5.87, 16.35
% Hospitals with >100 beds 44.18%
Overall mean PIPES index (SD) 10.98 (1.20)
Mean personnel (P-score) score (SD) 14.91 (8.17)
Mean infrastructure (I-score) score (SD) 15.36 (3.05)
Mean procedures (Pr-score) score (SD) 37.47 (3.57)
Mean equipment (E-score) score (SD) 21.63 (0.84)
Mean supplies (S-score) score (SD) 24.78 (0.84)

Comparisons and P value for 2 sample t test assuming unequal variances comparing pr

1208 | www.annalsofsurgery.com
Surgical Capacity: Procedures
Table 3 describes the Procedures domain across all hospitals

and in private and public hospitals separately. In summary, the
majority of hospitals performed basic surgical procedures, such as
suturing (100%), wound debridement (100%), hernia repairs (99%),
laparotomy (99%), laparoscopy (97%), and cesarean sections (94%).
However, only 47% of hospitals provided burn care, and only 74%,
75%, and 78% of hospitals performed pediatric abdominal wall
defects, imperforate anus, and cleft lip repairs, respectively.

Surgical Capacity: Equipment
Table 4 describes the Equipment domain across all hospitals

and in private and public hospitals separately. In summary, almost all
hospitals had access to standard medical and surgical equipment,
such as anesthesia machines (100%), autoclave sterilizers (100%),
electrocautery machines (100%), and operating room lights (100%).
However, 12% and 9% of hospitals lacked readily available oxygen
concentrators and compressed oxygen cylinders, respectively.

Surgical Capacity: Supplies
Table 5 describes the Supplies domain across all hospitals and

in private and public hospitals separately. All hospitals (100%) had
access to basic medical supplies such as sterile gloves, gauze,
nasogastric tubes, chest tubes, and disposable needles. The majority
of hospitals had available sutures (99%), urinary catheters (99%),
drapes (99%), and intravenous fluid infusion sets (99%). Eye pro-
tection and boots (theater shoes) were missing in 5% of hospitals.

Surgical Capacity Disparities: Private Versus Public
Hospitals

Data were analyzed for private and public surgical care
disparities. Table 1 describes the overall consolidated PIPES indices
and subtotals for the 5 PIPES domains across all hospitals in
Lebanon, and in private and public hospitals separately. The public
hospitals were generally smaller in size with only 27% of them
having 100 beds or more, as compared to 49% of private hospitals.
Public hospitals accounted for only 14% of the country’s operating
rooms.

Compared to private hospitals, public hospitals had a lower
PIPES index (10.48 vs 11.1, P ¼ 0.022. The mean Personnel and
Infrastructure scores were significantly higher in private compared to
public hospitals (15.57 vs 12.31, P¼ 0.03; 15.7 vs 14.04, P¼ 0.003,
respectively). The Procedures, Equipment, and Supplies scores were
similar between private and public hospitals (37.75 vs 36.38, P ¼
er Health, Inc. All rights reserved.

0.26; 21.62 vs 21.65, P ¼ 0.83; 24.83 vs 24.58, P ¼ 0.173;

, Equipment, and Supplies Indices, Number of Hospital Beds,
Supplies Survey Subcategories in Private and Public Hospitals

rivate Hospitals (n ¼ 103) Public Hospitals (n ¼ 26) P

90 (52–130) 57.5 (40–105) —
10.96 (10.48–11.63) 10.67 (10.0–11.01) —

8.75, 16.35 5.87, 12.88 —
48.54% 26.92% —

11.10 (1.17) 10.48 (1.20) 0.022
15.57 (8.52) 12.31 (6.10) 0.03
15.7 (3.15) 14.04 (2.24) 0.003

37.75 (2.67) 36.38 (5.90) 0.26
21.62 (0.89) 21.65 (0.63) 0.83
24.83 (0.84) 24.58 (0.81) 0.173

ivate and public hospitals.

� 2018 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Surgery and Anesthesia Personnel, and Infrastructure Availability in Private and Public Hospitals in Lebanon

All Lebanon (n ¼ 129) Private Hospitals (n ¼ 103) Public Hospitals (n ¼ 26) P

Personnel
Mean personnel (P-score) score (SD) 14.91 (8.17) 15.57 (8.52) 12.31 (6.10) 0.03

Total number of personnel
General surgeons (%) 985 (100) 806 (81.8) 179 (18.2) 0.31
Surgeons per 100,000 16.4 13.4 3.0 —
Median Number of Surgeons (IQR) 6 (5–10) 6 (5–10) 6.5 (4–9) —
Anesthesiologists (%) 516 (100) 423 (82) 93 (18) 0.18
Anesthesiologists per 100,000 8.6 7.0 1.5 —
Median number of anesthesiologists (IQR) 3 (3–5) 3 (3–5) 3 (3–5) —
Medical doctors doing surgery — — — —
Nurse anesthetists (%) 423 (100) 375 (88.7) 48 (11.3) 0.007
Nurse anesthetists per 100,000 7.0 6.2 0.8 —
Median number of nurse anesthetists (IQR) 3 (1–4) 3 (1–4) 1 (0–2.25) —

Infrastructure
Mean infrastructure (I-score) score (SD) 15.36 (3.05) 15.7 (3.15) 14.04 (2.24) 0.003

Number of hospitals (%), where Infrastructure item is always available
Running water 126 (97.7) 102 (99) 24 (92.3) 0.23
External electricity 113 (87.6) 87 (84.5) 26 (100) 0.00004
Functioning back-up generator 127 (98.4) 103 (100) 24 (92.3) 0.16
Incinerator 49 (38) 29 (28.2) 20 (76.9) 0.000008
Medical records 128 (99.2) 102 (99) 26 (100) 0.32
Emergency department 124 (96.1) 100 (97.1) 24 (92.3) 0.40
Postoperative care area 124 (96.1) 103 (100) 21 (80.8) 0.022
Intensive care unit 108 (83.7) 88 (85.4) 20 (76.9) 0.36
Pretested blood available (blood bank) 82 (63.6) 71 (68.9) 11 (42.3) 0.019
Laboratory to test blood and urine 128 (99.2) 102 (99) 26 (100) 0.32
Functioning x-ray machine 129 (100) 103 (100) 26 (100) —
Functioning ultrasound machine 128 (99.2) 102 (99) 26 (100) 0.32
Functioning CT scan 122 (94.6) 100 (97.1) 22 (84.6) 0.1

Number of functioning operating rooms (ORs) 494 425 69 0.00007
ORs per 100,000 8.2 7.1 1.1 —
Median number of ORs (IQR) 3 (2–4) 3 (3–5) 2.5 (2–3) —

Comparisons and P value for 2 sample t test assuming unequal variances comparing private and public hospitals.
CT indicates computed tomography.
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respectively). Some essential surgical procedures were, however,
more widely available at private compared to public hospitals, such
as cricothyroidotomy (91% vs 73%, P ¼ 0.01), bowel resection and
anastomosis (99% vs 88.5%, P¼ 0.005), skin grafting (90% vs 65%,
P ¼ 0.001), and elective and strangulated hernia repairs (both 100%
vs 96.2%, P ¼ 0.05).

Surgical Capacity Disparities: Geographic Analyses
Table 6 and Figure 1 provide a geographic overview of mean

PIPES indices, Syrian refugee distribution, domain PIPES indices,
and per capita surgical capacity parameters across each of the 8
Lebanese administrative governorates. The mean governorate PIPES
indices ranged from 10.47 (SD 1.25) in North Lebanon to 12.06 (SD
1.95) in Beirut, and were statistically different across the 8 gover-
norates [F (7,121) ¼ 2.72, P ¼ 0.01]. The areas with relatively high
refugee numbers, specifically the Bekaa, Baalbek-Hermel, North
Lebanon, and Akkar (combined estimate of 744,068 registered
refugees11,20,21) had the lowest PIPES indices (10.64, 10.71,
10.47, and 10.67, respectively). Not unexpectedly, the governorate
with the greatest relative number of hospitals beds (494 per 100,000
people), operating rooms (21 per 100,000 people), surgeons (30 per
100,000 people), and anesthesiologists (22 per 100,000 people) was
Beirut, the administrative and economic capital of Lebanon. Akkar
had the lowest number of hospital beds (66 per 100,000 people),
operating rooms (2 per 100,000 people), surgeons (4 per 100,000
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people), and anesthesiologists (3 per 100,000 people).

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
Further analyses to understand the overall capacity and PIPES
index differences among the governorates suggested that the mean
Infrastructure, Procedures, Equipment, and Supplies were not sig-
nificantly different among the governorates, and that the disparities
were mainly in the Personnel domain [F (7,121) ¼ 3.55, P ¼ 0.001].
Specifically, post-hoc Tukey Honest Significant Difference test
showed that the mean Personnel Scores were significantly higher
in Beirut (23.5, SD ¼ 14.3) compared to each of the other gover-
norates [Bekaa (12.9, SD¼ 3.7, P¼ 0.01); North Lebanon (12.3, SD
¼ 5.0, P ¼ 0.001); Baalbek-Hermel (12.3, SD ¼ 5.1, P ¼ 0.009),
Mount Lebanon (15.7, SD ¼ 7.8, P ¼ 0.02), Nabatieh (12.3, SD ¼
4.2, P ¼ 0.02), and South Lebanon (14.6, SD ¼ 7.9, P ¼ 0.05)],
except for Akkar (11.75, SD ¼ 1.7, P ¼ 0.13).

DISCUSSION

We have presented a detailed quantitative analysis of surgical
capacity across all 129 healthcare facilities providing surgical care in
Lebanon using the validated PIPES survey tool. To the best of our
knowledge, this is the first systematic, comprehensive and nation-
wide assessment of surgical workforce, hospital infrastructure, sur-
gical procedures being performed, and surgical equipment/supplies
available in Lebanon in these special times of regional conflict and
refugee influx. As such, the study uncovered significant surgical
capacity gaps and disparities disproportionately affecting refugees,
and could serve as a template for similar studies assessing the
er Health, Inc. All rights reserved.

readiness of a specific area following the influx of large numbers

www.annalsofsurgery.com | 1209
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TABLE 4. Equipment Availability in Private and Public Hospitals in Lebanon

All Lebanon (n ¼ 129) Private Hospitals (n ¼ 103) Public Hospitals (n ¼ 26) P

Equipment
Mean equipment (E-score) score (SD) 21.63 (0.84) 21.62 (0.89) 21.65 (0.63) 0.83

Number of hospitals (%) with equipment availability
Oxygen: compressed (cylinder) 117 (90.7) 91 (88.3) 26 (100) 0.0004
Oxygen: concentrator 114 (88.4) 91 (88.3) 23 (88.5) 0.99
Resuscitator bag valve and mask (adult) 128 (99.2) 102 (99) 26 (100) 0.32
Resuscitator bag valve and mask (pediatric) 127 (98.4) 101 (98.1) 26 (100) 0.16
Oropharyngeal airway (adult size) 128 (99.2) 102 (99) 26 (100) 0.32
Oropharyngeal airway (pediatric) 126 (97.7) 101 (98.1) 25 (96.2) 0.64
Endotracheal tubes (adult) 129 (100) 103 (100) 26 (100) —
Endotracheal tubes (pediatric) 127 (98.4) 102 (99) 25 (96.2) 0.47
Anesthesia machine 129 (100) 103 (100) 26 (100) —
Pulse oximeter 129 (100) 103 (100) 26 (100) —
Oxygen mask and tubing 129 (100) 103 (100) 26 (100) —
Stethoscope 129 (100) 103 (100) 26 (100) —
Blood pressure measuring equipment 129 (100) 103 (100) 26 (100) —
Thermometer 129 (100) 103 (100) 26 (100) —
Instrument sets (abdominal, C-section) 127 (98.4) 102 (99) 25 (96.2) 0.47
Kidney dish stainless steel 128 (99.2) 102 (99) 26 (100) 0.32
Sterilizer (autoclave) 129 (100) 103 (100) 26 (100) —
Suction pump (manual or electric) 129 (100) 103 (100) 26 (100) —
Electrocautery machine 129 (100) 103 (100) 26 (100) —
Vaginal speculum 129 (100) 103 (100) 26 (100) —
Endoscopes (gastro, colon, bronch) 121 (93.8) 97 (94.2) 24 (92.3) 0.75
Operating room lights 128 (99.2) 103 (100) 25 (96.2) 0.33

Comparisons and P value for 2 sample t test assuming unequal variances comparing private and public hospitals.

TABLE 3. Surgical Procedure Availability in Private and Public Hospitals in Lebanon

All Lebanon (n ¼ 129) Private Hospitals (n ¼ 103) Public Hospitals (n ¼ 26) P

Procedures
Mean procedures (Pr-score) score (SD) 37.47 (3.57) 37.75 (2.67) 36.38 (5.90) 0.26

Number of hospitals (%), that had performed procedures at least once
Resuscitation 129 (100) 103 (100) 26 (100) —
Suturing 129 (100) 103 (100) 26 (100) —
Wound debridement 129 (100) 103 (100) 26 (100) —
Incision and drainage of abscess 129 (100) 103 (100) 26 (100) —
Laparotomy 128 (99.2) 103 (100) 25 (96.2) 0.33
Cricothyroidotomy 113 (87.6) 94 (91.3) 19 (73.1) 0.06
Tracheostomy 124 (96.1) 100 (97.1) 24 (92.3) 0.4
Chest tube insertion 128 (99.2) 102 (99) 26 (100) 0.32
Burn management 60 (46.5) 52 (50.5) 8 (30.8) 0.07
Cesarean section 121 (93.8) 97 (94.2) 24 (92.3) 0.75
Dilatation and curettage 127 (98.4) 102 (99) 25 (96.2) 0.48
Tubal ligation 125 (96.9) 100 (97.1) 25 (96.2) 0.83
Hysterectomy 127 (98.4) 102 (99) 25 (96.2) 0.47
Obstetric fistula repair 127 (98.4) 102 (99) 25 (96.2) 0.47
Appendectomy 127 (98.4) 102 (99) 25 (96.2) 0.47
Hernia repair—elective 128 (99.2) 103 (100) 25 (96.2) 0.33
Hernia repair—strangulated 128 (99.2) 103 (100) 25 (96.2) 0.33
Hydrocele 128 (99.2) 103 (100) 25 (96.2) 0.33
Bowel resection and anastomosis 125 (96.9) 102 (99) 23 (88.5) 0.11
Male circumcision 128 (99.2) 103 (100) 25 (96.2) 0.33
Biopsy (lymph node, mass, other) 127 (98.4) 102 (99) 25 (96.2) 0.47
Cholecystectomy 128 (99.2) 103 (100) 25 (96.2) 0.33
Skin grafting 110 (85.3) 93 (90.3) 17 (65.4) 0.018
Pediatric hernia repair 122 (94.6) 99 (96.1) 23 (88.5) 0.26
Pediatric abdominal wall defects 95 (73.6) 76 (73.8) 19 (73.1) 0.94
Repair imperforate anus 97 (75.2) 80 (77.7) 17 (65.4) 0.24
Splinting 126 (97.7) 101 (98.1) 25 (96.2) 0.64
Casting 128 (99.2) 102 (99) 26 (100) 0.32
Traction (closed fracture) 127 (98.4) 101 (98.1) 26 (100) 0.16
Open treatment of fracture 127 (98.4) 102 (99) 25 (96.2) 0.47
Management of osteomyelitis 120 (93) 94 (91.3) 26 (100) 0.002
Amputation 127 (98.4) 102 (99) 25 (96.2) 0.47
Clubfoot repair 109 (84.5) 87 (84.5) 22 (84.6) 0.99
Cleft lip repair 100 (77.5) 81 (78.6) 19 (73.1) 0.57
Contracture release 122 (94.6) 97 (94.2) 25 (96.2) 0.66
Laparoscopic surgery 125 (96.9) 101 (98.1) 24 (92.3) 0.3
Regional anesthesia blocks 122 (94.6) 97 (94.2) 25 (96.2) 0.66
Spinal anesthesia 128 (99.2) 103 (100) 25 (96.2) 0.33
Ketamine anesthesia 106 (82.2) 82 (79.6) 24 (92.3) 0.06
General anesthesia 128 (99.2) 103 (100) 25 (96.2) 0.33

Comparisons and P value for 2 sample t test assuming unequal variances comparing private and public hospitals.
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TABLE 5. Supplies Availability in Private and Public Hospitals in Lebanon

All Lebanon (n ¼ 129) Private Hospitals (n ¼ 103) Public Hospitals (n ¼ 26) P

Supplies
Mean supplies (S-score) score (SD) 24.78 (0.84) 24.83 (0.84) 24.58 (0.81) 0.173

Number of hospitals (%) with supplies availability
Gloves (sterile) 129 (100) 103 (100) 26 (100) —
Gloves (examination) 129 (100) 103 (100) 26 (100) —
Nasogastric tubes 129 (100) 103 (100) 26 (100) —
Intravenous fluid infusion sets 128 (99.2) 102 (99) 26 (100) 0.32
IV cannulas 129 (100) 103 (100) 26 (100) —
Syringes 129 (100) 103 (100) 26 (100) —
Disposable needles 129 (100) 103 (100) 26 (100) —
Tourniquet 128 (99.2) 103 (100) 25 (96.2) 0.33
Sterile gauze 129 (100) 103 (100) 26 (100) —
Bandages sterile 129 (100) 103 (100) 26 (100) —
Adhesive tape 128 (99.2) 102 (99) 26 (100) 0.32
Suture (absorbable) 128 (99.2) 102 (99) 26 (100) 0.32
Suture (nonabsorbable) 128 (99.2) 102 (99) 26 (100) 0.32
Urinary catheters 128 (99.2) 102 (99) 26 (100) 0.32
Sharps disposal container 128 (99.2) 102 (99) 26 (100) 0.32
Scalpel blades 128 (99.2) 102 (99) 26 (100) 0.32
Face masks 128 (99.2) 102 (99) 26 (100) 0.32
Eye protection (goggles, safety glasses) 123 (95.3) 98 (95.1) 25 (96.2) 0.82
Apron 128 (99.2) 103 (100) 25 (96.2) 0.33
Boots (theater shoes) 122 (94.6) 101 (98.1) 21 (80.8) 0.04
Gowns (for surgeon/scrub nurse) 129 (100) 103 (100) 26 (100) —
Drapes (for operations) 128 (99.2) 103 (100) 25 (96.2) 0.33
Chest tubes 129 (100) 103 (100) 26 (100) —
Tracheostomy tubes 128 (99.2) 102 (99) 26 (100) 0.32
Laparoscopic supplies 125 (96.9) 101 (98.1) 24 (92.3) 0.3

Comparisons and P value for 2 sample t test assuming unequal variances comparing private and public hospitals.

TABLE 6. Mean Personnel, Infrastructure, Procedures, Equipment, and Supplies Index and Subtotals in Each of the Governo-
rates in Lebanon

Akkar Baalbek-Hermel Beirut Bekaa Mount Lebanon Nabatieh North Lebanon South Lebanon Total

Total population 542,282 406,214 439,526 532,442 1,829,464 322,540 605,442 718,765 5,396,675

Syrian refugees

(% of Total)

99,678 (18) 125,526 (31) 27,302 (6) 240,029 (45) 156,448 (9) 46,166 (14) 278,385 (46) 74,741 (10) 1,048,275 (19)

Number of hospitals 4 11 14 13 44 9 20 14 129

Number of functioning

operating rooms (ORs)

13 34 90 39 162 27 64 65 494

ORs per 100,000 2.4 8.4 20.5 7.3 8.9 8.4 10.6 9

Hospital beds 360 872 2173 1175 4585 789 1588 1507 13,049

Hospital beds per

100,000

66.4 214.7 494.4 220.7 250.6 244.6 262.3 209.7

General surgeons 22 74 133 95 376 51 127 107 985

General surgeons per

100,000

4.1 18.2 30.3 17.8 20.6 15.8 21.0 14.9

Anesthesiologists 14 30 96 43 168 36 80 49 49

Anesthesiologists per

100,000

2.6 7.4 21.8 8.1 9.2 11.2 13.2 6.8

Nurse anesthetists 11 31 100 30 146 24 33 48 423

Nurse anesthetists per

100,000

2.0 7.6 22.8 5.6 8 7.4 5.5 6.7 P

Mean personnel score

(P score, SD)

11.75 (1.71) 12.27 (5.08) 23.5 (14.25) 12.92 (3.66) 15.68 (7.78) 12.33 (4.18) 12 (4.99) 14.57 (7.87) 0.002

Mean infrastructure score

(I score, SD)

15.25 (0.96) 14.55 (1.57) 17.64 (5.31) 14.23 (2.31) 15.39 (2.45) 15 (1.80) 14.6 (2.41) 16.07 (4.12) 0.08

Mean procedures score

(Pr score, SD)

38 (2.16) 38.09 (2.81) 38.29 (1.82) 36.92 (4.84) 37.59 (1.90) 38 (1.73) 35.95 (6.70) 38 (2.96) 0.59

Mean equipment score

(E score, SD)

21.75 (0.50) 21.73 (0.65) 21.71 (0.61) 21.77 (0.60) 21.45 (1.21) 21.89 (0.33) 21.5 (0.61) 21.86 (0.36) 0.67

Mean supplies score

(S score, SD)

24.25 (1.50) 24.73 (0.65) 53.92 (2.13) 24.77 (0.44) 24.89 (0.39) 24.89 (0.33) 24.85 (0.49) 24.93 (0.27) 0.34

Mean PIPES index (SD) 10.67 (0.48) 10.71 (0.82) 12.06 (1.95) 10.64 (0.81) 11.06 (1.0) 10.78 (0.67) 10.47 (1.25) 11.1 (1.18) 0.01

Governorate-specific population data estimates were derived from United Nations Office for the Coordination of Humanitarian Affairs (UN OCHA) and United Nations High
Commissioner for Refugees (UNHCR) 2016 reports of population and refugee data by Lebanese districts and governorates.

20,21
P values for 1-way single factor analysis of variance

(ANOVA) test comparing Personnel, Infrastructure, Procedures, Equipment, and Supplies indices and section subtotals across the 8 different governorates.
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= 5 Anesthesiologists per 100,000 people
= 100 Hospital beds per 100,000 people

= 8 General surgeons per 100,000 people= 50,000 Syrian refugees
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FIGURE 1. A, Map of the mean PIPES indices by governorate. B, Map of the total number of registered Syrian refugees and
percentage of total population by governorate. C, Map of the total number of general surgeons per 100,000 population by
governorate. D, Map of the total number of available hospital beds per 100,000 population by governorate. E, Map of the total
number of anesthesiologists per 100,000 population by governorate.
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of refugees or internally displaced people (eg, following major
hurricanes or other natural disasters in Central and North America).

As this is the first data to collect such data on surgical capacity
in Lebanon, we could not comment on the temporal trend of such
capacity and whether the resources and infrastructure have been
improving or deteriorating in the current regional sociopolitical
climate, but Lebanon’s overall PIPES index suggests that the country
at present has a more robust surgical capacity compared to most other
LMIC.5,15,18 The number of surgeons and anesthesiologists in Leb-
anon (16.4 and 8.6 per 100,000 population, respectively) compares
favorably with the average in upper middle income countries (8.4
surgeons and 4.3 anesthesiologists per 100,000 population), but is
lower than that of high-income countries (29.3 and 13.3 per 100,000
respectively).2 The total number of 985 active general surgeons is
higher than previous estimates of 734 general surgeons in a 2003
study.22 The relative number of operating rooms in Lebanon (8.2 per
100,000 people) is higher than that of low-income countries (<2 per
100,000 people) but falls short of the minimum reported number in
high-income countries (14 per 100,000 people).23 Overall infrastruc-
ture, equipment, and supplies are more or less adequate with a
particularly notable ability to perform all essential surgical proce-
dures, including minimally invasive surgery, in most hospitals. The
study, however, revealed some major surgical care gaps at the
national level. With almost two thirds of the hospitals lacking an
incinerator, current strategies for medical waste disposition should be
investigated and their environmental and health adverse impact
mitigated.24,25 With many hospitals lacking pretested available blood
(some rely on the Lebanese Red Cross to provide such blood when
needed) and the ability to provide critical care, the ability to rescue
surgical patients who experience perioperative bleeding or other life-
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threatening postoperative complications needs to be seriously

1212 | www.annalsofsurgery.com
evaluated, and surgical outcomes such as failure-to-rescue are thus
worth examination in Lebanon.26–29 With some hospitals lacking
continuous external electricity and having to partially generate their
own electric power, government policies that prioritize hospitals in
terms of supply and ensure continuous stable electric supply to
critical healthcare facilities are perhaps needed to prevent serious
future mishaps in patient care.

Our study also revealed significant surgical capacity dispar-
ities and supply-demand mismatches, particularly in the distribution
of surgical and anesthesia workforce and infrastructure resources in
public versus private hospitals and across the different governorates.
Surgical capacity in Lebanon, specifically with regard to the surgical
workforce, is disproportionately concentrated in private hospitals and
in the governorates of Beirut and Mount Lebanon; the lowest
capacity exists in public hospitals and in Akkar, Bekaa, and North
Lebanon. Such disparities may disproportionally affect the vulnera-
ble Lebanese nationals and refugees, based on the fact that most of
them seek care in public hospitals and in these aforementioned
geographic areas with most capacity gaps. The Office of the United
Nations High Commissioner for Refugees provides a list of 50
hospitals that readily and consistently provide care for all asylum
seekers and Syrian refugees in Lebanon.19 Most of these hospitals are
public hospitals and/or are located in the predominantly rural gov-
ernorates, such as North Lebanon, Akkar, Bekaa, and Baalbek-
Hermel, the areas that our study found to have the lowest PIPES
indices and the least number of surgeons, anesthesiologists, and
operating rooms.19

Investing in surgical care is a cost-effective, horizontal inter-
vention that saves lives and promotes economic growth.1 Equitable
and accessible surgical coverage in vulnerable host and refugee
er Health, Inc. All rights reserved.

populations requires that state authorities participate in the scale-

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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up of surgical services to ensure adequate distribution of resources.6

The scale-up of surgical services also requires an international
commitment to funding local governments and programs that aim
for a cohesive and organized national effort at developing health
initiatives that distribute and improve surgical capacity in under-
served areas.6,30 Within this context, our findings could have mean-
ingful implications, especially in terms of policy making and
resource allocations at the national and international levels. With
Lebanon’s relative small size, extending 217 km from north to south
and 85 km from east to west and with a surface area of 10,452 km2,22

geographic disparities in Personnel and Infrastructure capacities
could be mitigated by effective policies that stratify hospitals and
incentivize interhospital across governorate referrals of complicated
surgical patients, similar to the 3 tiered trauma systems existing in
many countries such as the United States.31–33 In the long-term,
policy interventions that foster capacity growth and decentralization
of surgical healthcare delivery across governorates are warranted to
ensure sustainable health systems and timely access to safe and
essential surgical care. For the World Health Organization, the World
Bank, and other nongovernmental organizations interested in refugee
health and meeting the needs of refugees, sending supplies or foreign
surgeons and anesthesiologists to Lebanon (or other similar areas of
natural disasters or conflict) instead of helping improve the existing
infrastructure and eliminating the personnel disparities may not only
be ineffective, in view of our findings, but could also have harmful
impact on the existing country’s abilities.

Limitations
This study has a few limitations. First, during the 3-year study

period, some hospitals might have had some changes to their surgical
infrastructure or available resources, and the influx and distribution
of refugees continued to change. Second, the PIPES survey relies on
hospital administrators’ self-reporting of their respective home insti-
tution data with possible variability in reporting and recall bias.
Third, the PIPES instrument does not assess surgical case volume
(number of procedures per hospital per year), population access to
surgical services, or surgical outcomes. In addition, we believe that
many items of the PIPES instrument are more relevant for very low-
income countries (eg, sub-Saharan Africa) more than Lebanon.
Fourth, even though the PIPES index specifically inquired about
full-time surgeons and anesthesiologists, it is possible that a small
number worked in >1 institution. Finally, our study did not address
the impact of ‘‘payor mix’’ on the disparities in national and refugee
care, where many hospitals limit their care to patients with favorable
insurances rather than social security or government insurances.

CONCLUSIONS

This first systematic, comprehensive, and nationwide assess-
ment of surgical capacity in Lebanon revealed significant gaps and
deficiencies, most pronounced in public hospitals in which refugee
care is provided and in areas with the highest refugee concentration.
The data generated should constitute the basis for any national,
regional, or international policy making or resource allocation to
eliminate surgical care disparities and to improve the vulnerable
populations’ and refugees’ access to safe essential surgical care.
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