
613

CLINICAL SERIE
Andes pediatr. 2024;95(5):613-619
DOI: 10.32641/andespediatr.v95i5.5157

Correspondence:	 Edited by: 
Juan Carlos Pattillo Silva	 Lillian Bolte Marholz
jpattillo@ucchristus.cl

How to cite this article: Andes pediatr. 2024;95(5):613-619. DOI: 10.32641/andespediatr.v95i5.5157

Adrenal tumors in pediatric patients treated with minimally invasive 
surgery

Tumores suprarrenales en pacientes pediátricos tratados mediante técnica quirúrgica 
mínimamente invasiva

Catalina Mora Fritisa, Paz Guesalaga Ruiz-Taglea, José Fernando Vuletin Solisb,  
Josefina Sáez Binellib, Juan Carlos Pattillo Silva  b

aEscuela de Medicina, Facultad de Medicina, Pontificia Universidad Católica de Chile. Santiago, Chile.
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Abstract

Adrenal tumors in children are frequently neoplastic and malignant, and surgical resection is the 
first management option. Minimally invasive surgery (MIS) has proven to be a safe management 
alternative and is suggested as a preferred alternative approach. Objective: To report the surgical 
outcomes of patients with adrenal tumors treated by MIS. Patients and Method: Retrospective des-
criptive study of a cohort of pediatric patients with adrenal gland tumors undergoing MIS in the 
period 2012 - 2023. Results: 15 MIS of the adrenal gland were performed in 14 patients, 60% were 
male, mean age 1.8 years (range: 5 days - 7 years). Histological diagnoses included neuroblastoma 
(n = 7), pheochromocytoma (n = 3), ganglioneuroma (n = 2), extrapulmonary sequestration (n = 1), 
mature teratoma (n = 1), and adrenal cortical neoplasm of uncertain malignant potential (n = 1). 
14 adrenalectomies and one biopsy were performed, all via laparoscopic surgery, with no need for 

What do we know about the subject matter of this study?

Adrenal tumors in the pediatric population are mainly malignant 
neoplasms, with surgical resection as the suggested management. 
Recent reports suggest that laparoscopic adrenalectomy is a safe ap-
proach and should be the first line of treatment.

What does this study contribute to what is already known?

We report the surgical outcomes of a minimally invasive approach 
in the management of adrenal tumors in the pediatric population, 
through an observational, retrospective, and descriptive study of 
the interventions performed between 2012 and 2023 in a teaching 
hospital. In our series, the laparoscopic approach proved to be a 
safe technique, associated with short hospital stays, and the absence 
of perioperative morbidity and mortality.
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Introduction

The adrenal gland is made up of cortex and me-
dulla, structures with different embryological ori-
gins, each of which can give rise to different types of 
tumors1. Some may have clinical manifestations, but 
most frequently they are asymptomatic and detected 
incidentally in imaging studies. Adrenal masses in the 
pediatric population can develop spontaneously or in 
the context of a genetic syndrome2. Their treatment 
depends on clinical, radiological, and pathological fac-
tors, which determine the need for an initial biopsy, 
eventual pre- or postoperative chemotherapy, and the 
type of surgery to be performed3.

Unlike in adults, adrenal tumors in the pediatric 
population are more frequently malignant neoplasms, 
and therefore, their surgical resection is recommended 
in most cases2,4. The most frequent in children is neu-
roblastoma of the adrenal medulla, while adrenocor-
tical tumors such as carcinoma and adenoma are less 
frequent4.

Currently, the minimally invasive approach is the 
first line of treatment for adrenal tumors in adults, 
having demonstrated benefits compared to the open 
technique such as faster recovery, shorter hospital 
stays, and better cosmetic outcomes5, even in adrenal 
tumors larger than 6 cm6.

However, given the lower incidence of adrenal 
tumors in the pediatric population, the use of laparo-
scopic surgery as a surgical approach in the resection 
and/or biopsy of adrenal tumors in children has not 
yet been widely disseminated. Recent reports regarding 
laparoscopic adrenalectomy suggest that this approach 
is safe and that, with well-established selection criteria, 
minimally invasive surgery should be the first line in 
the resection of small adrenal tumors7.

The objective of this manuscript is to report the 
surgical outcomes of the minimally invasive approach 
in the diagnosis and management of adrenal tumors in 
the pediatric population.

Patients and Method

Observational, retrospective, and descriptive study. 
Data were collected from the institutional clinical re-

cords of 14 pediatric patients diagnosed with adrenal 
tumors, in whom a minimally invasive surgical inter-
vention was performed, either for biopsy or resection 
of the lesion, between September 2012 and January 
2023. Patients undergoing open surgery were exclud-
ed. Table 1 shows the demographic and clinical data 
of the series. This review was authorized by the institu-
tional Ethics Committee.

The clinical, radiological, and pathological infor-
mation on the tumors was collected from the clinical 
records, imaging reports, and anatomopathological re-
sults of the surgical specimens. The surgical approach, 
perioperative complications, length of hospital stay, 
and patient discharge status were collected from the 
corresponding surgical protocol and clinical summary.

The diagnosis of adrenal mass was made by radio-
logical imaging, including ultrasound, CT scan, and 
MRI. Laterality, etiology-oriented characteristics, and 
unfavorable aspects of surgery were evaluated, being 
essential to rule out extensive invasion into vascular 
structures (figures 1 and 2). Depending on the case, 
some patients were evaluated by multidisciplinary 
teams, including oncology and/or pediatric endocri-
nology.

In all patients, a transperitoneal laparoscopic ap-
proach was performed, with the patient in a lateral 
decubitus position according to the location of the le-
sion, with a 30° elevation of the affected side, under 
general anesthesia, and orotracheal intubation. The 
camera was positioned through a periumbilical inci-
sion, along with two or three auxiliary trocars depend-
ing on the case. Monopolar and bipolar coagulation, as 
well as advanced hemostasis instruments, were used as 
required. The vascular structures were carefully iden-
tified and preserved during dissection. The surgical 
specimen was removed through a midline incision, 
either by direct extraction or using a retrieval bag, re-
quiring incision enlargement in some cases.

Results

14 pediatric patients underwent 15 surgeries with 
a preoperative diagnosis of adrenal tumor. All under-
went laparoscopic surgery for biopsy or resection of 
the lesion. The patient who required two procedures 

conversion to open surgery. No perioperative complications greater than Clavien-Dindo grade II 
were recorded; only 2 patients required red blood cell transfusions and there was no perioperative 
mortality. The mean tumor diameter was 3.7 cm. The median hospital stay was 1 day. The mean 
follow-up period was 29 months. Conclusions: The laparoscopic technique has proven to be a safe 
approach in pediatric patients with adrenal tumors, offering advantages in terms of hospital stay and 
perioperative complications.
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Table 1. Demographic and clinical data of patients with adrenal tumors who underwent laparoscopic surgery

Nº Age at 
intervention 

(months)

Gender Side Surgery Histopathology Largest 
diameter 

(cm)

Perioperative 
complications

Length of 
stay (days)

Follow up 
(months)

1 50.8 M Right Resection Pheochromocytoma 4.2 RC Transfusión 28 122.0

2 81. 5 M Left Resection Pheochromocytoma 3 No 6 91.3

3 3.4 F Right Resection Neuroblastoma 3.8 No 1 14.6

4 81.1 M Left Resection Ganglioneuroma 5.7 No 1 17.0

5 30.4 F Right Resection Adrenal cortical 
neoplasm

7 No 3 69.7

6 2.2 F Left Resection Lung tissue with 
adenomatoid malformation

2.7 No 2 1.6

7 6.7 F Right Resection Neuroblastoma 3.1 No 3 35.6

8 52.6 M Right Resection Neuroblastoma 2.8 No 1 0.9

9 0.1 M Right Resection Pheochromocytoma 4.3 No 1 32.9

10 5.75 M Right Resection Neuroblastoma 2.6 No 1 32.7

11 11.3 M Right Resection Ganglioneuroma 4.4 No 2 1.2

12 15.5 F Left Resection Neuroblastoma 3 RC Transfusión 5 14.6

13 14.7 F Right Resection Mature teratoma 4.9 No 1 0.7

14 6.4 M Left Biopsy Neuroblastoma 4.3 No 1 6.1

15 3.4 M Left Resection Neuroblastoma 4 No 1 4.2

M: male; F: female; RC: Red blood cells.

had a diagnosis of Von Hippel-Lindau syndrome and 
developed tumors in both adrenal glands.

The age of the patients at the time of surgery was on 
average 21 months, ranging from 0 to 82 months, and 
60% were male.

Regarding the diagnosis of the adrenal lesion, in 
53% of the cases, it was made in the context of clini-
cal manifestations, including abdominal pain (n =4), 
fatigue (n = 1), early pubertal development (n = 1), 
and study of hypertension (n = 1). In the rest of the 
patients, the diagnosis was made as a finding after an 
imaging study because of another cause.

The estimated preoperative size of the tumor was 
measured by imaging, with a mean largest diameter of 
3.7 cm, with a range of 2.7 - 5.7 cm. Regarding the lat-
erality of the adrenal mass, 60% were on the right side, 
while the remaining were on the left.

Patients with functioning tumors were evaluated by 
multidisciplinary teams that included an endocrinolo-
gist, nephrologist, and anesthesiologist. Preoperative 
preparation with beta-blockade and/or alpha-blockade 
was performed in all cases. During the intraoperative 

period, only one patient required the use of a nitro-
prusside pump for blood pressure management.

Of the total series studied, 14 resections and one bi-
opsy were performed. No perioperative complications 
greater than grade II on the Clavien-Dindo scale were 
recorded and only 2 patients required red blood cell 
transfusion. There was no mortality associated with 
the surgical technique.

The anatomopathological reports on the etiology of 
the adrenal tumor showed that most corresponded to 
neuroblastomas (n = 7) and pheochromocytomas (n = 
3), followed by ganglioneuromas (n = 2), extrapulmo-
nary sequestration (n = 1), mature teratoma (n = 1), 
and adrenocortical neoplasm of uncertain malignant 
potential (n = 1).

The median hospital stay was 1 day, ranging from 
1 to 28 days. The patient with the longer hospital stay 
had a viral respiratory complication that prolonged his 
need for care. No perioperative mortality was record-
ed. The median follow-up was 29 months and no local 
recurrences have been detected at the date of this data 
review.
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Figure 2. Abdominal MRI showing a solid lesion 
located in the right adrenal region that is hy-
perintense (solid arrow) on T2-weighted (a) and 
T1-weighted sequences (d) and presents a drop in 
signal on the suppressed sequences. fat (b and c), 
which translates the presence of macroscopic fat. 
It does not present diffusion restriction (e) or signi-
ficant impregnation in the post-contrast sequences 
(f). Histopathology confirmed a mature teratoma.

Figure 1. 1a y 1b. Abdominal ultrasound  
showing a solid lesion located in the left adrenal 
region (solid arrow) that presents hyperechoic foci 
inside compatible with calcifications (asterisks) and 
vascular flow in the Doppler study. 1c, 1d, 1e, 1f. 
Magnetic resonance image in coronal (c) and sa-
gittal (d) T2-weighted sequences, and axial (e and 
f) T1-weighted pre- and post-contrast sequences 
respectively; a solid lesion (solid arrow) is observed 
hyperintense with the muscle in T2-weighted 
sequences and hypointense in T1-weighted se-
quences with progressive enhancement after the 
use of paramagnetic contrast (unfilled arrow), 
without evidence of invasion of the neurofora-
men and with a cleavage plane with the kidney 
(arrowhead). These images are compatible with a 
neuroblastoma.
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Discussion

There is growing evidence in pediatric surgery 
supporting the benefits of the minimally invasive 
approach compared to open surgery. Recently, the 
working group of Yao et al. compared the long-term 
prognosis in 37 children with adrenal neuroblastoma 
who underwent either laparoscopic adrenalectomy or 
open surgery. They observed equivalent recurrence 
and mortality rates in both series, suggesting that for 
small tumors without vascular invasion, laparoscopic 
surgery is considered a safe option and the first-line 
management of adrenal neuroblastoma when per-
formed by experienced surgeons8. This experience is 
complemented by a case review published in 2015 by 
Rodriguez et al. which already indicated favorable lap-
aroscopic surgery outcomes, highlighting low morbid-
ity and mortality rates, quick recovery, shorter hospi-
tal stays, and satisfactory cosmetic outcomes9. In this 
study, no morbidity or mortality associated with the 
surgical technique was observed, while the hospital 
stay was short.

In reports of uncommon adrenal tumors, such as 
pulmonary sequestration, a conservative approach has 
been proposed, involving patient observation, primar-
ily based on the low complication rate associated with 
this condition. However, due to the low morbidity as-
sociated with minimally invasive surgery and the im-
portance of establishing an accurate etiological diag-
nosis, the option of performing early resection of such 
lesions instead of adopting an expectant approach has 
been proposed10.

The age of presentation in patients with neuroblas-
toma is between 1 and 5 years in 90% of cases, occur-
ring during the first months of life in up to 50%1, while 
children diagnosed with pheochromocytoma have a 
later presentation. The age composition in our series is 
consistent with that described in the literature, with an 
average age at intervention of 1.4 years in patients with 
neuroblastoma and 3.6 years in pheochromocytoma.

Traditionally, the management of adrenal tumors 
in pediatrics has been a surgical intervention. In this 
regard, it has been suggested that the determining fac-
tors that influence the choice of approach include the 
etiology of the tumor, its size, and its relationship with 
nearby vascular structures4. In the case of neuroblas-
toma, there is no consensus on the eligibility criteria 
for the indication of minimally invasive surgery, how-
ever, it is suggested that it could be adequate for small 
tumors (diameter < 5 cm) and without image-defined 
risk factors (IDRF), such as tumor invasion of blood 
vessels. However, in a multicenter European study 
where more than 70 pediatric patients were included, 
no correlation was observed between tumor size and 
unfavorable surgical outcomes, while the invasion of 

adjacent structures prolonged surgical time and in-
creased the risk of rupture and bleeding, showing no 
relation to the need for conversion to open surgery, 
post-surgical complications, or recurrences11. On the 
other hand, Traynor et al. suggested that in children 
with non-neuroblastoma tumors with a low proba-
bility of malignancy, the use of laparoscopic adrenal-
ectomy can be performed with low morbidity, that is, 
no intraoperative complications, less blood loss, and 
shorter hospital stay when compared to open surgery12.

Given the teaching hospital context where this 
work was carried out, it is interesting to report on a 
multicenter study published in 2021 that compared 
laparoscopic surgical resection of adrenal neuroblas-
tomas performed by pediatric surgical residents under 
the supervision of expert surgeons with those per-
formed exclusively by the latter, revealing no signifi-
cant differences in terms of tumor size, surgical time, 
and amount of bleeding between the two groups13.

The case series analyzed in this study focuses ex-
clusively on the surgical laparoscopic approach, with 
favorable results in terms of surgical morbidity and 
mortality. The main limitation lies in the retrospective 
design of this work and with it the limited availability 
of data collected from medical records.

The experience of the use of the minimally invasive 
approach in children is mainly based on the report of 
small retrospective series, in contrast to the extensive 
evidence reported in adults14. In addition, given that 
the current preference for the laparoscopic approach 
in pediatric surgeons in Latin America is unknown and 
few reports have been published in this continent7, the 
contribution of this publication lies in the dissemina-
tion of experience and outcomes in minimally invasive 
techniques in the management of adrenal tumors in 
pediatric patients in a teaching hospital in Chile.

In conclusion, in this series of patients diagnosed 
with adrenal tumors, the minimally invasive surgical 
approach, either for biopsy or resection in selected cas-
es, proved to be a safe technique in the pediatric pop-
ulation. This surgical modality has evolved in the last 
decades, consolidating as an alternative to open sur-
gery, offering benefits in terms of hospital stay, mor-
bidity, mortality, and cosmetic outcomes.

Although laparoscopic surgery has proven to be ef-
fective and safe in the treatment of pediatric adrenal 
tumors, it is essential to remember that each case must 
be evaluated individually and discussed by a multidis-
ciplinary medical team. The surgeon’s experience and 
appropriate case selection, based on tumor size, etiol-
ogy, and possible complications, are crucial to the suc-
cess of this surgical approach.

The contribution of clinical reports from different 
health institutions is essential to enrich the knowledge 
of the benefits and complications associated with the 
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laparoscopic technique in the treatment of adrenal tu-
mors in the pediatric population, as it contributes to 
the strengthening of medical evidence and will allow 
further progress in the field of minimally invasive sur-
gery, ensuring better outcomes for patients presenting 
with these pathologies.
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