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Introduction: This study was aimed to review the complications of the laparoscopic adrenalectomy for

pheochromocytoma.

Materials and Methods: International databases including PubMed, Web of Science and Scopus were
considered for search of English articles by 24 May 2019. Seventeen published articles were finally entered
into the study. Keywords were adrenalectomy, laparoscopy, chromaffin, PC12 cells, pheochromocytoma and
children or a combination of them in the title and abstracts.

Results: There were more than 647 individuals reviewed in this systematic review of 17 published articles
consisted of 16 retrospective studies and one prospective study.

Conclusion: According to the results, laparoscopic adrenalectomy can be used safely with a short hospital stay
and less hemorrhagia, short time of surgery and low-risk of recurrence for the management of pediatric adrenal
pathology. It is suggested to undergo partial adrenalectomy, which provides steroid independent at long-term

follow up.

Introduction
Pheochromocytoma is a tumor of the
chromaffin cells and due to the secretion of
catecholamine causes significant impairment
in the hemodynamic status. Less than 1%
of the cause of hypertension is related to
pheochromocytoma (1). Diagnosis and
subsequently treatment of pheochromocytoma
is necessary, since delay in the diagnosis
and treatment can lead to severe and
fatal complications of the tumor, such as
myocardial infarction, cerebrovascular attack,
mesenteric ischemia, and hemorrhagia. The
prevalence of pheochromocytoma is equal in
both genders since its highest prevalence is in
the third to fifth decades of life (2). This tumor
is known as “ tumor 10” , while 10% of cases
are bilateral, 10% of cases are familiar, 10%
of cases are out of the adrenal gland, 10% of
cases happen in children and 10% of cases are
malignant and also in 10% of cases, patients
have normal blood pressure (3).

The main symptom of pheochromocytoma

Key point

In this review paper, we showed laparoscopic
adrenalectomy is safe accompanied by a short hospital
stay and less hemorrhagia, short time of surgery
and low-risk of recurrence for the management of
pediatric adrenal tumors.

is hypertension (4). More than 80% of
patients have urinary catecholamine more
than twice the normal while catecholamine
in the plasma is also greater than 2000 L/
ng. In case of diagnosis, the core treatment
is a surgery requiring special modalities
to neutralize tumor catecholamine due to
manipulation during the invasive procedure
and anesthetic induction, which achievable
using beta-blocker for 2 to 3 weeks (2).
Pheochromocytoma is characterized by a
medical history and measuring urinary or
plasma catecholamine or their metabolites
or radiological studies. A high urinary
catecholamine level in 95% of cases is causes
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symptoms and is a suitable test (5).

Most cases of pheochromocytoma are non-familial, but
in some familial cases, it is often bilateral. The inherited
autosomal type is multiple endocrine neoplasia type 2
syndrome (MEN2) that ranges from 0.1% to 5.7% (6).
The MEN?2 is bilateral requiring bilateral adrenalectomy
while its mortality is 2.4% and morbidity is about 24 %
(7). Treatment of malignant pheochromocytoma is also a
surgical procedure since metastasis should be removed;
pheochromocytoma can be followed by chemotherapy. A
5-year survival after surgery is about 95% and recurrence
is less than 10 % (8). Nowadays, surgical treatment for
adrenal removal is laparoscopy (9). At first, laparoscopic
adrenalectomy was reported in 1992 (10).

To the best of our knowledge, there is no systematic
review regarding the laparoscopic adrenalectomy in
children. There are some systematic reviews about the
comparison between laparoscopic adrenalectomy and
other procedures e.g. in the review study by Brandao et
al (11), on robotic versus laparoscopic adrenalectomy” or
in the review study by Chai et al (12), entitled “systematic
review of surgical approaches for adrenal tumors;
lateral transperitoneal versus posterior retroperitoneal
and laparoscopic versus robotic adrenalectomy”, the
comparison of the methods were compared and the results
were consistent by the study of Whalen et al (13), however
we comprehensively reviewed the efficacy of laparoscopic
adrenalectomy in children.

Methods

Search strategy

In this systematic review, international databases including
PubMed, Web of Science and Scopus were considered
for search of English articles from 1 January 1992 to 31
April 2019. We included patients less than 18 years who
experiencedlaparoscopicadrenalectomy (Notlaparotomy).
All type of articles was included while case series less
than five cases report. Keywords were ((((adrenalectomy
[Title/Abstract]) OR laparoscopy [Title/Abstract]) OR
laparoscopic  adrenalectomy [Title/Abstract]) AND
((((chromaffin [Title/Abstract]) OR PC12 cells [Title/
Abstract]) OR pheochromocytoma [Title/Abstract]) OR
pheochromocytoma [Title/Abstract])) AND ((Children
[Title/Abstract]) OR (Child [Title/Abstract])) AND
((1992/01/017[PDat]: “2019/04/31”[PDat])).

After collection of articles of interest, references
imported to Endnote software and removed duplicate
titles. Then, after browsing titles, studies with irrelevant
purposes were removed, and then the remaining studies
assessed by two independent investigators. The selected
studies were performed on humans and published in
English. All steps of systematic review were performed in
this review (Figure 1).

Data extraction
Information dealing with the selected articles (the author’s
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Figure 1. Steps in conducting a systematic review.

= 6: Interpretation

last name, year of publication, study design, sample size and
the results of each article were taken by two independent
investigators. The differences observed in this process
corrected by a third investigator who was independent
with the two previous investigators.

Results
There were more than 647 individuals reviewed in this
systematic review of 17 published articles consisted of
sixteen retrospective studies and one prospective study.
We used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist, a
checklist of items that should be included in reports of
interventional studies for selected articles (Figure 2) (14).
The summary of the selected articles was shown in Table 1.

Discussion
The mean age of patients with pheochromocytoma is
reported 11 years; hence in boys occur twice than girls (31).
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Figure 2. Flow chart of study selection based on PRISMA.
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Table 1. The detail of reviewed articles in this systematic study

Laparoscopic adrenalectomy

ID  First author N Age  Sex Side Tumor Size  Design Conclusion
1 Castilho et al, 2002 (15) 13 6.3 Both Unilateral 4.14 cm Retrospective Laparoscopic adrenalectomy is feasible accompanied by positive results in children.
7: Unilateral ) ) . . . . .
2 Sukumar et al, 2011 (16) 10 9.6 Both 31 Bilateral 4.8 cm Retrospective It is possible to perform adrenalectomy in children with experienced surgeons.
3 Volkin et al, 2012 (17) 10 79 Both 8: U‘mlateral 2.6 cm P Partial adrenalectomy is the preferred form of management for pheochromocytom in the pediatric population to preserve
2: Bilateral adrenocortical function and minimize the adverse effects in front of long-term steroid.
4 Nerli et al, 2010 (18) 18 58 Both Unilateral 4 em Retrospective Laparoscopic adrenalectomy is a safe and feayble procedure with good results. It can be used to safely treat suspected benign and
malignant adrenal masses in children with minimal morbidity and a shorter hospital stay.
5 Lopes et al, 2011 (19) 17 39 Both 1?: Unilateral 427 cm Retrospective Laparoscopic adrenalectomy is a feasible procedure that produces good results. It can be used safely to treat suspected benign and
2: Bilateral malignant adrenal masses in children with minimal morbidity and short hospital stay.
6 Emre et al, 2019 (20) 50 48 Both 4‘6: Unilateral 13.88 cm Retrospective The histopathology of the mass is crucial determinant for determining the surgical approach to in pediatric, as well as volume.
4: Bilateral Minimally invasive procedures could be reliably performed in appropriate cases.
7 Lee et al, 2019 (21) 20 4 Both Unilateral 7.12 cm Retrospective Posterior retroperitoneoscopic adrenalectomy is resulted in good outcome in children (with prone jackknife position).
8 de Barros etal, 2012 22) 7 225 Both Unilateral 2.8 cm Retrospective The laparoscopic approach for adrenal neuroblastoma resection is feasible in children with good outcomes, but should be reserved
to patients with small, well-circumscribed adrenal lesions, without invasive or infiltrative disease.
Laparoscopic adrenalectomy is a safe, feasible, and reproducible technique offering numerous advantages, including shortening
9 Catellani et al, 2014 (23) 9 7.25  Both Unilateral 3.23 cm Retrospective the times of surgery and postoperative hospital stays and less hemorrhagia. Laparoscopic adrenalectomy provides visible surgery
site.
10 Fascetti-Leon et al, 2017 68 59 Both 6?: Unilateral 2.8 em Retrospective Pediatric Minimal access adrenal surgery (MAAS) is safe adopted for masses up to 145.6 cc, with less low complication. Conversion
(24) 3: Bilateral to open is not necessary even in the presence of infiltrations.
11 Choetal, 2012 (25) 8 12 Both Unilateral 18.3 cm Retrospective Complete tumor resection was successful, with no tumor recurrence.
12 Ludwig et al, 2007 (26) 15 11.9  Both Unilateral 3.2cm Retrospective Laparoscopic adrenalectomy can be used safely as a preferred approach for pediatric at risk for vulnerability.
13 Miller etal, 2002 (27) 17 98 Both Unilateral 4.8 cm Retrospective Laparoscopic adrenalectomy can be used safely with a short hospital stay and less hemorrhagia in children for the management
of pediatric adrenal pathology.
14 Peter etal, 2011 (28) 140 89 Both 1:35: Unilateral 3.8 cm Retrospective The laparoscopic approach can be used with a 90% chance of finishing the surgery without conversion. The risk of hemorrhagia or
5: Bilateral other complications is low as a preferred approach for children.
15  Stanford et al, 2002 (29) 64 14 Both Unilateral 5.5 cm Retrospective It can be expected to lower the hospital stay without increasing surgery time or complications.
16 Walzetal, 2017 (30) I 156  Both 3'8: Unilateral 2.7 em Prospective Pheochromocytomas should preferably be removed by minimally invasive surgery in children. Partial adrenalectomy provides
4: Bilateral long-term steroid independence accompanied by low recurrence rate.
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The most manifestation of this disease is hypertension
(32). There is a strong correlation between the tumor size
and the severity of symptoms as well as the secretion of
catecholamine; its recurrence can be up to 12% (33).

In summary, the interpretation of the reviewed studies in
the present systematic review indicated that laparoscopic
adrenalectomy is possible to perform adrenalectomy
in children with experienced partial
adrenalectomy is the preferred form of management for
pheochromocytoma in the pediatric population to preserve
adrenocortical function and minimize the adverse effects
in front of long-term steroid. It has minimal morbidity
and a shorter hospital stay. Posterior retroperitoneoscopic
adrenalectomy resulted in a good outcome in children
with prone jackknife position. Additionally, laparoscopic
adrenalectomy in children is effective and safe. Clipless
laparoscopic approach conducted by a skilled surgeon
is recommended because it is feasible, and reproducible
technique offering numerous advantages including
shortening the times of surgery and postoperative hospital
stays and less hemorrhagia; laparoscopic adrenalectomy
provides visible surgery site (15-20).

Most of cases who developed pheochromocytoma were
unilateral, therefore laparoscopic adrenalectomy can be
used safely as a preferred approach for pediatrics who are
vulnerable to health risks (21-29).

Walz et al showed that pheochromocytoma should
preferably be removed by minimally invasive surgery in
children. Partial adrenalectomy provides long-term steroid
independence accompanied by low recurrence rate (29).
The results of the study by Walz et al were consistent with
the study of Volkin et al, therefore partial adrenalectomy
was addressed as a preferred form of management for
pheochromocytoma in the pediatric population to
preserve adrenocortical function and minimize the
adverse effects in front of long-term steroid. In this
regard, the complications of steroids can be prevented
indicating the major advantage of partial adrenalectomy
in children (17). Although the tumor is rare, it should
be considered in the following patients and should be
checked: 1) headache, excessive sweating (diaphoresis) and
tachycardia with or without hypertension; 2) family history
of pheochromocytoma; 3) clinical pattern consistent
with MEN II, or paraganglioma-pheochromocytoma
syndrome; 4) Known mutation in the rearranged during
transfection (RET) of cells of the patient or their family;
5) uncertain adrenal tumor; 6) unreasonable hypertension
with poor response to standard treatments; and 7)
hypertension and clear tachycardia in response to general
anesthesia, surgery, or drug (34).

surgeons;

Conclusion

According to theresults, laparoscopicadrenalectomy can be
used safely with a short hospital stay and less hemorrhagia,
short time of surgery and low risk of recurrence for the

management of pediatric adrenal pathology. It is suggested
to conduct partial adrenalectomy, which provides steroid
independent at long-term follow up. Actually, laparoscopic
adrenalectomy is feasible and showed positive results in
pediatric patients.
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