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Abstract

Background and objectives: Endoscopic surgery may have added benefits in low-resource countries including improved recovery time,
lower post-operative infection rates and decreased blood loss. These techniques are being used by gynecologists worldwide, but the extent is
largely unknown. The aim of this review is to evaluate the laparoscopic gynecologic surgical capacity in low-resource countries and identify
economic indicators that are associated with advanced skill.

Methods: An online literature search was conducted; search terms included gynecologic, laparoscopy, minimally invasive, and low-resource
countries. Of 336 abstracts identified, 100 articles were chosen in English and Spanish during between 1998-2015. Types of procedures,
indications, and complication rates were grouped and compared according to World Bank Income Groups of Developing Nations: Low Income
Country (LIC), Low-Middle Income Country (LMIC), or Upper-Middle Income Country (UMIC). Each country was categorized into Categories of
complexity based on the highest level of skill required for reported procedures. The level of complexity was compared to World Bank Healthcare
Development Indicators to identify correlates of advanced laparoscopic capacity.

Results: 14% of LIC report performing MIG procedures; twice as many LMIC and UMIC countries report such proficiency. LICs primarily
perform diagnostic laparoscopies or adnexal surgery, with infertility being the most common indication. UMICs perform a variety of laparoscopic
surgeries for benign and oncologic indications.

Conclusions: Minimally invasive surgery is widely adopted around the world. Advanced laparoscopic surgical procedures are increasingly
performed in upper middle-income countries.
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Introduction

There is growing momentum to increase access to surgical [4]. General surgery literature has identified many important

services in low-resource countries in order to reduce the
global disease burden [1]. The benefits of investing in surgical
infrastructure as a public health intervention are now evident.
Compared with antiretroviral treatment or vaccinations, surgery

benefits of minimally invasive techniques in low and middle-
income countries. These included decreased infection rates
post operatively in environments with suboptimal sanitation
and reduced blood loss in the setting of limited blood-banking

can be equally as cost effective in averting Disability Adjusted
Life Years (DALYs) and has a strong impact on improving the
productivity of a community [2].

As effort is put forth to increase surgical capacity globally,
there must be a congruent aim towards safety and quality [3].
Minimally invasive surgery offers benefits such as reduced
perioperative complications and improved recovery times that
can be all the more beneficial to patients in low resource settings

services [5].

Compared to the United States, thorough record keeping
and reliable databases do not exist in most developing
countries, leaving a paucity of comprehensive data regarding
the promulgation of information about MIGS worldwide.
Organizations such as American Association of Gynecologic
Laparoscopists (AAGL) and the Society of
Gynecologic Endoscopy (ISGE) are helping to disseminate
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information and research regarding MIGS, but the current
capacity of gynecologists to perform laparoscopy worldwide is
largely unknown.

The objective of this review is to evaluate the overall capacity
of Low and Middle Income Countries (LMICs) in performing
MIGS procedures, by comparing procedure type, indication, and
complications. Further, we aim to identify economic development
indicators within health systems that may be associated with
advanced laparoscopic capacity.

Materials and Methods

An online literature search was performed independently by
the two first authors and also a team of two medical librarians
using Google Scholar, African Journals Online and Pubmed using
the MESH terms: gynecologic, laparoscopy or laparoscopic,
minimally invasive, together with the individual names of
all developing countries as classified under the World Bank
Economic Classification system (Gross National Income (GNI)
per Capita of less than $12,745 during fiscal year 2013). For
instance, the following PUBMED search was performed for each
developing nation: ((((“Laparoscopy”[Mesh] OR “Hand-Assisted
Laparoscopy”[Mesh]OR laparoscop*)) AND “Gynecology”[Mesh]
OR gynecolog*)) AND (“Egypt’[Mesh]OR Egypt AND Journal
Article [ptyp] AND Humans[Mesh] AND English [lang]) Filters:
Journal Article, From 1990/01/01 to 2015/12/31, Humans,
English, Core clinical journals.

Titles and abstracts were reviewed for articles describing a
review of the developmentor current state of gynecologic surgery.
As there is no universally agreed upon definition of Minimally
Table 1: Complexity Categories.

Invasive Gynecologic Surgery, we included hysteroscopy,
laparoscopy, robotic surgery, and pelvic floor procedures when
referring to MIGS. Abstracts published between 1990 and 2015in
English or Spanish were reviewed. Citations of retrieved articles
were searched to identify additional relevant articles.

Study selection

Observational prospective studies, retrospective series, and
case reports were included in the review. Articles describing a
single indication for minimally invasive surgery or case series
with laparoscopic treatment were also included. Literature
reviews and editorials published by LMICs were excluded.
In order to further characterize capacity and complexity of
laparoscopic surgery in developing nations, abstracts presented
at international conferences were included in the review if they
included data about surgical capacity.

When applicable, the following information was extracted
from each article: the overall incidence of gynecologic procedures
performed via MIG techniques in the respective country, the
types of procedures performed, the most common indications
for surgery and complications encountered.

Data was grouped according to the Gross National Income
(GNI) per Capita, and thus World Bank categorization of Low
Income Country (LIC), Low-Middle Income Country (LMIC), or
Upper-Middle Income Country (UMIC). The World Bank groups
developing nations into the following three categories based on
income: LICs have a GNI per capita (Fiscal Year 2013) of $1,045
or less; LMICs, $1,046-$4,125; UMICs,$4,126 to $12,745.

Procedures

Complexity Category

Countries Assigned

Training Camps

Diagnostic Laparoscopy

Chromotubation

Hysteroscopy

Diagnostic Procedures

Albania, Cameroon, Haiti, Hungary, Mexico, Romania, Rwanda,
Tajikistan

Bilateral Tubal Ligation

Ovarian Drilling

Tuboplasty

Salpingectomy (Ectopic)

Adnexal Surgery

Myomectomy

Laparoscopic Assisted Vaginal
Hysterectomy

Total Laparoscopic Hysterectomy

Urogynecologic/Pelvic Floor Procedures

Operative Procedures

Bangladesh, China, Cuba, Ecuador, Egypt, Ghana, Honduras,
Iran, Kenya, Lebanon, Malaysia, Nepal, Nigeria, Pakistan,
Paraguay, Peru, Serbia, South Africa, Sri Lanka, Sudan, Thailand,
Uzbekistan, Vietnam

Sacrocolpopexy

Robotic Assisted Total Laparoscopic
Hysterectomy

Robotic Assisted Repair of Vesico-vaginal
fistula

Radical Hysterectomy/Staging

Exeneration

Procedures requiring advanced
sub-specialty training

Argentina, Brazil, Colombia, India, Turkey, Ukraine, Venezuela
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The complexity of various types of surgical procedures was
ranked into three categories (Table 1): Diagnostic, Operative
or Advanced Subspecialty training. Countries were assigned
a Complexity Category based on the most difficult procedure
reported in their literature. Countries only reporting basic
diagnostic procedures with minimal operative performance
such as hysteroscopy or diagnostic laparoscopy performed were
assigned to the Diagnostic Category. Those publishing outcomes
of operative procedures such as salpingo-oophorectomy or
hysterectomy were placed in the Operative Category. Finally,
countries demonstrating ability to execute procedures that
require more technological skill and subspecialty training, such
as a laparoscopic radical hysterectomy or lymphadenectomy,
were assigned to the Advanced Category. These three categories
were used to classify the types of procedures performed in LIC
and LMIC as well as identify economic determinants that may
confer advanced skill.

The three Complexity Categories were compared with

economic income group and compared using a one-way ANOVA
test. They were also compared against World Bank Healthcare
Development indicators. These included: Total healthcare
expenditure as a percent of GDP, healthcare expenditure per
capita (in USD), percentage of public, out-of-pocket, and external
resource health care expenditure, population, Income GINI
Coefficient, hospital beds per 1000 people, and physicians per
1,000 people. By looking at these parameters, we aimed to
identify factors that contributed to advanced laparoscopic skill.
A one-tailed ANOVA test was used to compare the averages
within each Complexity Category of each development indicator
and identify a trend toward advanced surgical skill. Economic
measures were obtained from the World Bank Database, with
the most recent indicator from the last 10 years was used.

Results

One-hundred articles fit the inclusion criteria, taking place
in 38 different countries. Table 2 shows the number of articles
obtained for each country.

Table 2: Articles Included in Review according to Country; Supplementary Material: Full Bibliography.

Country Number of Articles Citation
Albania 1 Habibaj [1]
Argentina 4 Sardi [2], Vidaurreta [3], Buquesta[4], Kreiker [5]
Bangledesh 2 Jahan [6], Jahan [7]
Brazil 2 Djedian [8]; Gomes [9]
Cameroon 2 Mboudou [10]; Raiga [11]
China 3 Yi [12]; Lin [13]; Wang [14]
Colombia 1 Pareja [15]
Cuba 1 Gonzalez [16]
Ecuador 1 Krentel [17]
Egypt 5 Siam [18]; Saman [19], Siam [20]; Abuelghar [21], Mohamed [22]
Ghana 2 Andreatta [23]; Kim [24]
Haiti 1 Maxis [25]
Honduras 1 Roberto 2014
Hungary 3 Szendi [26]; Torok [27]; Drozgyik [28]
India 9 Puntambekar [29-31]; Hemal [32], Puri [33], Shrivastava [34], Wadia [35]
Iran 4 Abdollahi [36], Alborzi [37-39]
Kenya 5 Parkar [40-42], Sikolia [43]
Lebanon 1 Abu-Musa [44]
Malaysia 1 Lim [45]
Mexico 2 Diaz [46], Arellano-Borja [2009]
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Nepal 3 Saha [47,48], Shrestha [49]

Nigeria 7 Efetie [50], Ikechebelu [51], Badejoko [52,53 ], Okunlola [54], Arowojolu [55], Yakasai 2012
Pakistan 9 Rehman [56], Rizci [57,58], Mushtaq [59], Parveen [60,61], Memon [62,63], Iftikhar [64]
Paraguay 2 Molinas [65]; Ferreira [66]

Peru 2 Rechkemmer [67]; Rechkemmer [68]
Romania 1 Dragusin [69]
Rwanda 2 Dhont [70];Faisal Hospital 2012
Serbia 2 Popovi¢ [71];Prorocic [72]
South Africa 1 Butt [73]
Sri Lanka 2 Rajayana [2014], Gunawardena [74]

Sudan 2 Mirghani [75]; Omer [76]
Tajikistan 1 Kassam [77]

Thailand 6 Manchana [78]; Wongpia [79]; Nutthachote [80]; Teerapong [81]; Khampitak [82],
Tanaprasertkul [83]

Turkey 3 Nazik [84]; Capar [85], Gocmen [86]
Ukraine 1 Baydo [87]

Uzbekistan 2 Narzullaev [88]; Kalegyn [89]
Venezuela 2 Sotelo [90,91]
Vietnam 1 Nguyen [92]

The rate of countries reporting laparoscopic capabilities MIGS procedures in relation to all gynecologic procedures was
increased proportionately according to each income group reported to be between 2.9-12% in the majority of LIC countries
with only 6 out of 34 (14.71%) LICs reporting experience with  [6-8]. One outlying article from Nigeria stated that 23.7% of all
MIG procedures, while 19 of 55 (34.55%) UMICs described gynecologic surgery was performed via laparoscopy [9].
their experience in the literature (Figure 1). The incidence of

e N
336uniqueabstacs
> 157abstracts
excluded
178abstacsrequested for redew
Notin LMIC: 10
Notabout Laparoscopy: 8
»{ Not Gyneoologic Surgery: 12
Full Textnotavailable 39
Articlein other lanpuape than
selected languages: 9
Data obtained priorto 1990: 1
v
100 Articles met final inclusion aitatda
Figure 1: Selection of Included Articles.
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Table 3: Number of Publications according to Primary Indication for  varied distribution of countries reporting procedures in all three

MIGS within each Economic Income Group. categories (Figure 2)

Indication for Surgery | LICn=14 | LMICn=46 | UMIC n=40 (" )
Infertility 3 22 7 40.00% 34.6%
35.00%
Teaching Camp 3 3 1 30.00% —
Ectopic 1 5 2 25.00%
Pelvic Pain/ 1 3 3 20.00% 14.7%
dysmenorrhea 15.00%
Malignancy 1 4 4 10.00% | 7
Uterine Perforation 1 0 0 0.00% T T 1
AUB or Leiomyoma 5 0 12 LIC(6/34) LMIC(13/50)  UMIC(19/55)
Pelvic Organ Prolapse 0 3 2 Figure 2: Number of Countries citing ability to perform minimally
SUI 0 1 2 invasive procedures. )
Ovarian Cyst/Mass 1 3 4 A total of 35 of the 100 articles reported adverse events that

Vesico-Vaginal Fistula occurred during MIGS. The major and minor complication rates,

(or ureteral-vaginal 0 1 1 as well as conversion rate to laparotomy, are shown in (Table
fistula) 4). Major complications include bowel or bladder injury, vessel
Sterilization 0 1 0 injury with subsequent hemorrhage, and vesicovaginal fistula.

Minor complications include wound infection, separation or
hematoma, as well as urinary tract infection, uterine perforation,
post-operative lymphocele, vaginal cuff abscess, and ileus.
Major complication rates are noted to be highest in UMIC.
Yet, conversion rates from a minimally invasive procedure to
laparotomy occurred less frequently in UMIC: 1.77% vs 7.17%
of cases in LIC.

Amenorrhea 0 0 2

The indication most often cited for MIGS procedures in LIC
and LMIC countries was a diagnostic evaluation of infertility
(Table 3). Of all hysteroscopic and laparoscopic procedures
performed in these two economic groups, 70.1% to 98.4 % of
procedures are done in attempt to diagnose fertility issues
[6,7,9]. In contrast, articles from UMIC report a wider range Table 4: Aggregate complication rates cited among economic income

of indications for MIGS, varying from treatment of pelvic floor ~ 9rOUPS:
disorders [10] to extensive surgical debulking for gynecological LIC LMIC UMIC
malignancies [11,12]. Major Complications 0.52% 1.27% 2.24%
The Diagnostic, Operative, and Advanced procedures varied Minor Complications 5.21% 7.48% 3.64%
between LIC, LMIC and UMIC. LIC only reported procedures i
: . s . y p p Conversion to Open 717% 1.43% 177%
in the Diagnostic or Operative Category, while UMIC had more Procedure
Table 5: Average Economic Determinants among each Complexity Category.
GNI Per Health Out-Of-
Capita Health Ex- Health
Atlas Ex- penditure Health | External F"_" Hospital- 2
Metho- penditure Public Health penditure | GNI Index beds Phyisi-
dology Per (% Of E’_" Care Population, (% Of (World (Per cian
2013 ] penditure Total Private Bank- (Per 1,00
Capita Total 0 1,000
(Current C Health Total (% Re- Ex- estimate) ’ People)
I (CUERL ealt GDP) sources il People)
nter- US$) Ex- penditure
national penditure) on
$) Health)
Diagnostic | 5086.25 310.61 48.01 6.63 13.70 25,940,327.88 73.08 39.02 3.39 1.36
Operative | 4433.91 262.90 47.59 6.17 4.84 110,404,757.22 83.03 41.17 2.19 1.35
Advanced | 8055.00 599.07 55.27 6.74 0.37 241,870,945.71 74.90 42.64 3.09 2.07
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The World Bank Healthcare Development Indicators were
trended in each Complexity Category (Table 5). Sixty percent
(23/38) of all countries were assigned to the Operative category.
Five of the seven countries categorized in the Advanced
Category were UMICs. Two healthcare development indicators
demonstrated a trend with Complexity Categorization but did
not reach statistical significance. The percentage of healthcare
resources originating from outside the country, or “External
in the
Diagnostic to countries in the Advanced category. (p=0.055).

Healthcare Resources,” decreased from countries
The percentage of healthcare expenditures originating from of
external resources was the highest for countries in the diagnostic
category at 13.7%, while only 0.37% of health expenditures were
from external resources in the Advanced category.

A trend was noted toward larger populations in the advanced
category. The average population of countries in the Diagnostic
group was 25 million, 110 million for the operative category,
and 241 million in the advanced category. This difference was
not statistically significant (p=0.35). GNI Per Capita, Total
Health Expenditure per capita, Public Health Expenditure, Out-
of-pocket Health expenditures, Total Health Expenditure as
a percentage of GDP, Income GINI coefficient, or hospital and
physicians per capita did not proportionately increase with
Complexity Category.

Discussion

There is growing consensus that surgical capacity building
must become a priority of global health interventions [13,14].
Investing in basic surgical services and essential surgical
care will be the next large focus of improving healthcare
systems in low-resource settings [15]. As this is accomplished,
infrastructure will be enhanced and so will the desire to perform
minimally invasive procedures, as the benefits of such operations
are clear. The advantages of MIGS are well published in UMIC.
The same benefits: less wound infection, shorter hospital stay,
and decreased blood loss have been demonstrated in various
developing countries [16-18].

Our analysis demonstrates that endoscopic surgery can
be performed across the globe, but the degree to which these
operations are performed varies among income groups. The
aim of this study was to identify associations and possible
determinants of advanced laparoscopic capacity. The results
were consistent with our hypothesis that increased economic
development is associated with higher utilization and advanced
MIGS skill.

incidence of MIGS
performance increases with economic income group. Only 14%
of LIC perform MIG procedures; LMIC and UMIC groups have
twice as many countries reporting such proficiency. Higher
economic status allows for the acquisition and maintenance
of endoscopic equipment, which is a commonly cited barrier
to uptake of laparoscopy in developing nations [5]. Fewer LICs

The articles reviewed show that

and LMICs are able to overcome obstacles in raising capital for
the initial purchase of equipment, and often do so by charging
much higher prices for laparoscopy over open procedures [19]. A
solution to this barrier is to develop a sustainable and continued
relationship with an institution in a high-resource nation that is
capable of providing training and equipment [20,21].

Indications for MIGS vary between economic groups as
well. While LIC and LMIC report infertility and pelvic pain as
the most common indications, there is a wider distribution
of indications in UMIC. Applying MIGS to more complicated
indications requires advanced equipment and training. The
percentage of articles citing infertility as the primary indication
for MIGS procedures may illuminate the uneven distribution
of accessibility and difficulty to integrate the techniques into
surgical systems at large. Diagnostic work-up of infertility in
LIC and LMICs is often attainable only for patients with more
resources to pay for elective procedures [22], thus highlighting
a problem with accessibility to minimally invasive techniques.
While MIGS procedures are available in low-resource settings,
the indications to which they are applied often remain for
patients who can afford the higher price of elective operations.

In comparing all reported complication rates of the reviewed
literature to economic income group, major complication rates
were greater in UMIC compared to LIC. This may be attributed
to the types of surgeries performed in each group. While LIC
and LMICs mostly describe basic diagnostic and operative
laparoscopies, UMIC report complications associated with more
technically advanced procedures [23]. All rates are comparable
to complications published in high-income countries [24].
With time, the cultivation of laparoscopic skill will decrease
complication rates [24,25].

The Development indicators did not reach significance in
identifying trends among the three Complexity Categories.
While External Healthcare resources had a non-significant trend
with Complexity Category, this is likely related to a few outliers
who receive a large proportion of their healthcare budget
from outside donors. Complexity Category also trended with a
country’s total population. This relationship may possibly be
due to the larger economies of scale in these countries. Greater
purchasing power allows hospitals to have capital to invest in
the cutting-edge technology such as the Da Vinci System [23,26].
The large markets of the “BRICS” Block (Brazil, Russia, India,
China and South Africa) also have a larger pool of patients to
seek out such procedures and make the initial investment more
profitable.

This study is limited by several factors, the largest being
publication bias. The amount and quality of data by country is
highly variable, as no standardized reporting system exists in
most nations globally with regards to MIGS. Many gynecologists
in developing nations have adequate resources and training and
offer MIGS to their patients but have not published their data.
The literature search is also limited by the exclusion of articles
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in languages other than English and Spanish. As discussed, the
review also does not talk about the distribution of laparoscopic
surgery. A few countries have multiple studies from one author.
This likely indicates that there are a limited amount of providers
or institutions providing such services, and thus is not reflective
of accessibility at large. The small number of countries in this
study limited statistical analysis of development indicators and
surgical capacity. Greater differences may have been realized
with more power [27,28].

Nonetheless, to our knowledge, this is the first comprehensive
literature review of gynecologic minimally invasive surgery
in developing nations. In the absence of reliable database
used globally, it provides a basic scope of the current abilities
of gynecologists in low and middle-income countries to offer
patients minimal access surgery. The study most importantly
shows that laparoscopic surgery can be utilized in low-income
countries and that GNI per capita is not necessarily predictive
of MIGs capacity. Further research is needed to identify ways of
improving capacity in LIC and LMICs. Collaborative relationships
with developed nations may play a role, whether through in-
country training camps or opportunities abroad. Several articles
report that the local surgeons who are performing laparoscopy
received their training from physicians in high resource nations
[20,21].

Moving forward, well-structured laparoscopic training
programs for OB/GYN physicians in low-resource areas will be
critical for expanding minimally invasive techniques into these
parts of the world and improving patient outcomes [29,30].
The information obtained from this review may help minimally
invasive gynecologists seek out appropriate partnerships in low-
resource settings for mutually beneficial training experiences for
trainees from both countries.

Data collection and research also need be prioritized in order
to make minimally invasive techniques more accessible and safe
for patients in LMICs. Anticipatory planning can help improve
the cost-effectiveness of surgical care [31]. Such planning is
only done by understanding the magnitude of problems within a
particular infrastructure through data collection systems. As the
WHO and others aim for a global surgical database for quality
and safety, it will be important for the same measures be applied
to laparoscopic and hysteroscopic operations. Data collection
and research is imperative to the quality improvement process
while developing nations advance their expertise with these
techniques.
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