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Purpose Introducing new surgical techniques in a developing country can be challenging. Inguinal hernias in
children are a common surgical problem, and open repair is the standard surgical approach. Laparoscopic repair has
gained popularity in developed countries because of similar results. This study aimed to determine the outcomes
following the introduction of laparoscopic repairs in Guatemala.

Methods This retrospective analysis of prospectively collected data from all patients under 18 years who underwent
laparoscopic repair at Corpus Christi Hospital in Patzun, Guatemala, from September 5th to September 8th, 2022.

Results A total of 14 patients were included in the study. A board-certified pediatric surgeon and a Guatemalan
physician performed all cases. The mean patient age was 7.6 years; 7 boys and 7 girls. All patients were interviewed at
7 days, 30 days, and 6 months. There were no postoperative infections, pain requiring re-evaluation, gonadal atrophy,

Conclusion Under controlled circumstances with limited but proper equipment and disposables, laparoscopic
inguinal hernia repairs can be introduced and performed in a developing country with a risk complication profile
comparable to that in developed countries. This study provides promising evidence of laparoscopic repair feasibility
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Introduction

Inguinal hernias are one of the most common surgi-
cal conditions in the pediatric population, with a 0.8-5%
incidence in infants and young children [1, 2]. Ingui-
nal hernias are frequently asymptomatic but can cause
abdominal pain, discomfort, and complications such as
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bowel obstruction and strangulation. Surgery is the pri-
mary treatment for inguinal hernias, and laparoscopic
repair has become increasingly popular among pediatric
surgeons in developed countries [1-4].

Open surgical repair with high ligation of the sac had
been the standard of care in the United States but has
been displaced over the last 2—3 decades by laparoscopic
inguinal hernia repair in adults and, more recently, in
children [1-3]. Unlike in adults, high ligation of indirect
inguinal hernias, even in patients under 18 [5], remains
the preferred method of repair in pediatric patients
instead of mesh placement. A significant advantage of
laparoscopic repair in adults and children is that it allows
for examining the contralateral inguinal ring, which may
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harbor an occult patent processus vaginalis or even a
small hernia. Another advantage of the laparoscopic
approach in children is that there is no dissection or
manipulation of the components of the inguinal canal [3,
6-8].

Additionally, in children, the laparoscopic approach is
associated with reduced postoperative pain, shorter hos-
pital stays, quicker recovery time, and a prompter return
to school [9]. While there are numerous clinical advan-
tages to laparoscopic inguinal hernia repair, adopting this
technique has been slower in developing low- and mid-
dle-income countries (LMICs) due to a need for more
resources and surgical experience [10] This case series
examines the introduction and the outcomes of pediatric
laparoscopic inguinal hernia repairs in an LMIC, specifi-
cally in Guatemala.

Methods

Study design

This was a retrospectively designed, prospective study.
We obtained approval for this study from the Ethics
Board and performed it under the guise of the Interna-
tional Esperanza Project. The study was determined to
be of minimal risk. Data on patient demographics, sur-
gical details, and outcomes were collected from medical
records. Inclusion criteria were pediatric patients who
underwent laparoscopic inguinal hernia repair under
18 years of age and were diagnosed with inguinal her-
nia on physical examination. We performed pediatric
laparoscopic inguinal hernia repairs using a modified
extraperitoneal percutaneous closure based on the Pat-
kowski-Takehara technique at Corpus Christi Hospital in
Patzun, Guatemala, over one week, September 4th -7th,
2022. Patzun is a small community located in the Chi-
maltenango Province of Guatemala. The populace of this
region is highly underserved to the point that our group
(International Esperanza Project) was the first to conduct
pediatric surgery in it.

Surgical procedure

All cases were performed under general anesthesia using
inhaled anesthetics and intravenous medications, no
preoperative medication was necessary, and no paralyt-
ics were administered. A Guatemalan-trained and certi-
fied pediatric anesthesiologist provided anesthesia for
all cases. Laparoscopic equipment included a 4.5 mm,
45-degree Hopkins lens, a standard laparoscopic tower,
an insufflator with a pediatric mode, and a 3 mm Mary-
land grasper (Fig. 1). Chloraprep was used for aseptic
preparation of the skin. All repairs were performed via
a modified extraperitoneal percutaneous closure (Pat-
kowski-Takehara) technique. In the supine position, the
abdomen was adequately prepped and draped. A small,
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vertical 5-mm incision was fashioned in the umbilicus
through which a 5-mm port was placed, and the abdo-
men was insufflated to 15 mmHg pressure. A laparoscope
was introduced into the peritoneal cavity. Visualization
of the diagnosed inguinal hernia and examination of the
contralateral side was done. A 3-mm incision was made
on the contralateral abdominal wall through which a
small Maryland grasper was introduced to aid with pass-
ing the needle pre-peritoneally. A 2-mm skin incision
was made at the inguinal crease on the affected side with-
out entering the abdominal cavity.

A single 3—0 prolene loop was deployed around the
lateral aspect of the defect via a Touhy needle and used
to pull a single 3—0 Ethibond suture circumferentially
around the ring from the medial aspect of the defect.
This approach is an amalgamation of the Patkowski per-
cutaneous internal ring suturing, which relies on one
port for visualization in the umbilicus, and the Takehara
laparoscopic percutaneous peritoneal closure technique,
in which a similar approach is taken but a grasping for-
ceps is inserted in the contralateral abdominal wall [11,
12]. Our modification of this technique is the perito-
neal cauterization that precedes the ring closure based
on Novotny and colleagues’ “burnia” This technique is
meant to induce scarring and decrease hernia recur-
rence [13]. The ventral peritoneum was cauterized with
a Maryland before tying down the Ethibond suture. The
fascia was closed with running 2—0 Vicryl suture. All
skin incisions were closed with a 5—0 fast-absorbing gut
in a simple interrupted fashion. Local anesthetic (Bupi-
vacaine) was injected into incision sites at the end of the
case. All incisions were dressed with Dermabond. All
patients received Ketorolac before awakening from anes-
thesia. Post-anesthesia recovery unit personnel adminis-
tered oral acetaminophen or ibuprofen.

Follow-up and data collection

Postoperatively, the primary investigator followed up
with patients via telephone at the 1-week, 1-month, and
6-months. We decided to do a phone call-based follow-
up because many families had traveled to the hospital
from great distances limiting their ability to follow up in
person after surgery.

The primary investigator contacted the patients and
asked different sets of questions depending on the time
since the operation. During the 1-week follow-up, fami-
lies were asked how long it took for the patient to return
to school if there were any signs or symptoms of infec-
tion, and to characterize postoperative pain. At the
1-month and 6-month follow-ups, families were queried
on signs and symptoms of infection, postoperative pain,
patient return to normal activities, and recurrence.
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Fig. 1 Laparoscopic equipment used for all hernia repairs. (a) Laparoscope 4.5 mm, 45-degree Hopkins lens. (b) Hi-Flow laparoscopic insufflator. () 5 mm
trocar. (d) 3 mm Maryland grasper
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Table 1 Patient characteristics

Age (years), mean 7.6

Male gender, n (%) 7 (50)

Side, n (%)
Right 9(64)
Left 4(28)
Bilateral 1(7)

Operative time (minutes), mean+SD 28.07+5.76
LIHR male patient 27.33+0.58
ORIHR male patient 28671648
BIHR male patient NA"
LIHR female patient 24 (NA)
RIHR female patient 2642+58
BIHR female patient 28 (NA)

2Left inguinal hernia repair. ® Right inguinal hernia repair. ¢ Bilateral inguinal
hernia repair. "Not applicable

Table 2 Recorded patient outcomes

Parameter Number (%)
Operative complications 0(0)
Surgical site infection 0(0)
Post-operative pain 0(0)
Recurrence at 6 months 0(0)

Results

Patient characteristics

A total of 14 patients underwent laparoscopic inguinal
hernia repair during the study period. The mean age was
7.6 years (range 2—16). There was an equal distribution of
gender; 7 participants were male and seven females. The
right side was affected in 9 (64%) cases, while the left was
in 4 (28%) cases. Only 1 (7%) case of bilateral hernias was
documented. No patients were excluded from the study
(Table 1).

The mean operative time was 28.1 min (range 17-40),
with no intraoperative complications. All patients were
discharged within eight hours after surgery. Postopera-
tive pain was managed with acetaminophen or ibuprofen;
no patients required opioids.

At the 1-week follow-up, there were no cases of wound
infection. Two patients (14%) reported mild postopera-
tive pain that had to be managed with acetaminophen
at home in the first three days after surgery; the rest of
the cohort reported no use of NSAIDs or acetamino-
phen. Even though parents were instructed to send the
patients to school the next day during postoperative
education, the mean number of days off from school was
two days.

At the 1-month follow-up, there were no infections,
recurrence, or hydrocele formation cases. One patient
reported difficulty returning to work as an agricultural
worker. At 6-month follow-up, there were no reported
infections or recurrences, and all patients returned
entirely to normal activities. A summary of recorded out-
comes is presented on Table 2.
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Discussion

Inguinal hernia is a common pediatric surgical problem
worldwide; its repair is routine. Laparoscopic inguinal
hernia repair is a minimally invasive approach that has
become popular among surgeons due to its advantages.
It includes comparable operative times, less postopera-
tive pain, faster recovery times, and less recurrence rates
to open repairs [1-3, 7]. The main advantage of laparo-
scopic repair is the ease of evaluation of the contralateral
inguinal ring for a patent processus vaginalis allowing for
repair and avoiding a second procedure in the case of a
metachronous presentation of a contralateral hernia [6].
Our case series demonstrates that laparoscopic inguinal
hernia repair is a safe and effective alternative to open
inguinal hernia repair in LMICs. Despite the numerous
benefits of laparoscopic inguinal hernia repair, the pro-
cedure’s use in Guatemala is limited. Our review of the
literature leads us to believe this to be the first case series
of its kind from Guatemala.

Minimally invasive surgery requires specialized equip-
ment and trained personnel, often scarce in LMICs. There-
fore, open repair is still the most common technique in
surgical practice in these countries [10]. One of the signifi-
cant challenges facing laparoscopic inguinal hernia repair
is the cost of the procedure. The equipment required is
expensive, and many small institutions in Guatemala can-
not afford it. Another challenge that stands in the way of
minimally invasive techniques in countries like Guate-
mala is the need for more infrastructure for the procedure.
Many rural hospitals lack a proper ventilation system, have
architectural limitations, or even lack reliable electric-
ity to sustain power to the surgical devices. Despite these
limitations, we performed this procedure in a small hos-
pital, with only three operating rooms, connected to an
orphanage in Patzun, Guatemala, with modern equipment.

Although the challenges mentioned before are barriers to
adopting new surgical techniques, the most consequential
component hindering surgical advancement in LMICs is the
lack of human resources [10]. According to the Guatema-
lan Association of Pediatric Surgeons, approximately thirty
surgeons with accredited training are currently practicing
in the country. Guatemala has a population of children aged
0-14 of approximately 7 million, which means that general
surgeons and not pediatric surgeons perform most pediat-
ric surgery. Additionally, the learning curve for laparoscopic
procedures can be steep, making adopting the technique
much more difficult among providers; however, a 2013
study by Yoshizawa et al. analyzing the learning curve for
the laparoscopic extraperitoneal hernia repair determined
that attending surgeons needed a mean of twelve opera-
tions to perform the procedure safely and under 30 min and
residents needed a mean of thirty procedures to achieve the
same result [14]. These are encouraging findings for sur-
geons with little or no experience in pediatric laparoscopic
surgery.
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A 2023 survey by Tanoli et al. which included five
Latin American countries, showed that there is a lack of
investment from governments and hospitals in LMICs in
laparoscopic surgery training and equipment because of
perceived elevated healthcare costs even though much of
the evidence suggests that healthcare costs are reduced
longitudinally due to the lower morbidity exhibited by
laparoscopy over open surgery. This same study deter-
mined that a shortage of basic supplies and insufficiently
trained staff were the other top barriers to the adoption
of laparoscopy [15].

This medical mission involved carefully distributing six
surgeons in three operating rooms and three procedure
rooms. The operating room designated for pediatric sur-
gery had an outdated anesthesia machine, a few power
outlets, and medical air and oxygen outlets. A laparo-
scopic tower was donated to the International Esperanza
Project and used for all cases. We faced the challenge of
having limited resources forcing us to take a resource-
saving approach. With only one Maryland grasper and
two laparoscopes, we had to be strategic and make the
most of what we had. To maximize efficiency, we decided
only to open the necessary suture packets and individual
instruments that were essential for the operation, thus
allowing us to conserve resources and maintain a highly
streamlined operation (Fig. 2). Despite these constraints,
we delivered high-quality patient care, as evidenced by
the series results. This experience demonstrates the fea-
sibility of adopting new and state-of-the-art techniques
considering resource management’s importance in a lim-
ited availability setting.

The advantages of laparoscopic inguinal hernia repair
include less postoperative pain, faster recovery time,
and a low rate of complications. The low rate of com-
plications, including no infections or recurrence in the
6-month follow-up period, highlights the importance of
proper surgical technique and postoperative care. The
use of laparoscopy also allows for the identification of
contralateral defects, which can be repaired simultane-
ously. The short operative time and same-day discharge
indicate the feasibility of laparoscopic repairs in LMICs.
However, access to surgeons knowledgeable in minimally
invasive pediatric surgery and the equipment necessary
to carry out the surgeries represent the most signifi-
cant barrier to improving the standard of care in these
countries.

The study had limitations. The sample is small, and
it’s due to the team’s capacity to care for patients in the
limited time we worked at the hospital. Since this was a
mission trip, a larger sample could not be accrued before-
hand, leading to an underpowered study. The decision
to conduct patient follow-up through phone calls was
made because most families were not locally based, and
mobilization presented an important barrier to in-person
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follow-up. This study does not evaluate the effectiveness
of laparoscopic inguinal hernia repair in the pediatric
population; it merely states that it is possible to perform
the procedure safely and effectively in a highly resource-
limited setting and encourages the introduction of more
advanced techniques in LMICs.

Limitations

The study is not without limitations. The follow-up
period was short and the sample size small. The reason
behind is the amount of time we had in country to evalu-
ate and treat these patients. As mentioned, in-person fol-
low-up was very difficult because most families were not
local and travelled great distances to get to the hospital.
Aside from the economic burden of travel, transportation
is complicated in rural Guatemala, with limited options.

Conclusion

The results of this study were promising, with no intra-
operative complications and short hospital stays. At the
6-month follow-up, there were no reported complica-
tions or recurrences, and all patients had returned to
their normal activities. This study suggests that a lapa-
roscopic approach to inguinal hernia repair can be safely
and effectively used in LMICs, where access to laparo-
scopic surgery may be limited due to a lack of resources
and surgical expertise. It is important to note that the
study was conducted in a rural Guatemala institution
with limited access to healthcare and surgical resources.
Despite the challenges in this setting, the study demon-
strates that laparoscopic inguinal hernia repair can be
performed successfully in this context.

Overall, this study provides valuable insights into the
use of laparoscopic inguinal hernia repair in LMICs
and highlights the potential benefits of this technique
for pediatric patients. Further longitudinal studies are
needed to validate these early, positive outcomes and to
assess the feasibility and cost-effectiveness of implement-
ing laparoscopic inguinal hernia repair in other settings.
Nonetheless, this technique provides a promising option
for the surgical management of inguinal hernias in pedi-
atric patients in Guatemala.
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