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KEY POINTS

� Adrenal tumors in children can be benign, malignant, or pseudotumors.

� Adrenal tumors are considered rare, frequently have a genetic underpinning, and are often
hormone producing.

� Diagnostic algorithms depend on history, physical findings, biochemical testing, and
radiologic analyses.

� Regardless of tumor type, surgery plays an essential role in their treatment, and surgical
principles should be followed in order to avoid complications and contribute to better cure
and survival rates.

� Ongoing surveillance after treatment is mandated in almost all cases.
INTRODUCTION

Adrenal tumors in children are caused by a wide variety of conditions and may be
diagnosed from the fetal stage onwards.1–4 From an embryologic perspective, the ad-
renal fetal cortex and medulla are formed by 7 weeks’ gestation. The cortex comes
from the mesoderm, whereas the medulla is derived from the ectoderm/neural crest.
As such, adrenal tumors identified within the gland have different histopathologic or-
igins and resultant symptoms. Neoplasms of the adrenal gland are classified and dis-
cussed here in an anatomic framework.

PRIMARY TUMORS
Cortex

Adrenocortical tumors (ACTs) are rare but aggressive endocrine neoplasms when car-
cinomas, comprising 0.2% of all pediatric malignancies.5 Only 10% to 20% of pediat-
ric cases are benign adenomas. The estimated worldwide incidence is about 0.3 new
cases per million individuals per year.6 However, in the south and southeast regions of
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Brazil, ACT incidence rates are 15 to 20 times higher than those described in other
countries. This ACT cluster in Brazil is caused by the presence of a founder TP53 mu-
tation in this population.7,8 Germline TP53 mutations are present in more than 80% of
ACTs in children, and they underlie signaling abnormalities that are strongly associ-
ated with ACT. ACTs are also the most frequent neoplasms identified in families
afflicted with Li-Fraumeni syndrome. De novo TP53 mutations are also observed,
and relatives of children with ACT may have a higher incidence of cancer.9 In North
American children, the spectrum of germline TP53 mutations and the mechanisms
and types of functional loss of heterozygosity in ACT are diverse, although germline
mutations occur primarily in the TP53 DNA-binding domains (exons 4–8).9 By contrast,
in the Brazilian cases, the patients’ families do not have a high incidence of cancer,
and a single mutation in exon 10 of the TP53 gene is consistently observed.9 The
penetrance of this mutation is low (only 10%–15% of carriers develop ACT), and it
seems not to predispose carriers to other malignancies later in life.9 Therefore, addi-
tional genetic alterations may be necessary for malignant transformation. The early
age of onset and the distinctive clinical features of childhood ACT suggest that they
arise in the fetal zone of the adrenal cortex.9 The fetal zone occupies 85% of the ad-
renal cortex during embryonic development and is oriented toward dehydroepian-
drosterone production. A constitutional TP53 mutation may increase the risk of
neoplastic transformation in the fetal adrenal cortex but not in the definitive adrenal
cortex. The adrenal cortex is composed of 3 functional areas, defined as the glomer-
ulosa, reticularis, and fasciculata zones. Complete differentiation of these areas oc-
curs by the age of 3 years. Tumors can arise from all 3 zones, be benign (adenoma)
or malignant (adenocarcinoma), and be hormone secreting. Neoplasms arising from
the adrenal cortex are predominantly hormone secreting and can express mixed pat-
terns of hormone production, which is explained by the embryologic zones of origin
(aldosterone, granulosa; glucocorticoids, fasciculata; reticular, glucocorticoids and
sex hormones). As such, ACT may present with virilization (precocious puberty, deep-
ening voice, pubic and axillary hair, acne, genital growth), Cushing syndrome (hyper-
tension, central obesity, buffalo pump, moon face, stretch marks), signs of
hyperaldosteronism, or may be asymptomatic depending on the quantity of hormone
produced. Because hormone-related symptoms generally are readily apparent, most
patients in these situations have small, nonpalpable adrenal masses.
Therefore, the diagnosis of ACT is generally straightforward. Clinical presentation

includes virilization and hypertension, and surgeons must be aware of the disease
in order to make an early diagnosis. Because most patients have an endocrine syn-
drome, increased blood or urine concentrations of adrenocortical hormones and a su-
prarenal mass usually suggest a preoperative diagnosis of ACT. Imaging studies are
necessary for adequate staging and surgery planning. Magnetic resonance (MR)
and computed tomography (CT) of the primary site are necessary to detect invasion
of adjacent structures, lymph node enlargement, and tumor thrombus in the venous
drainage, all of which may require resection during the curative procedure. The tumors
characteristically have a thin pseudocapsule and areas of calcification and necrosis.
Vascular extension occurs in 20% of cases, and patients should be examined for intra-
caval tumor thrombus.10 Some cases are diagnosed incidentally by imaging studies
performed for other purposes. Distant metastases usually involve the liver, lungs, kid-
neys, and bone, and, hence, dedicated radiologic studies are required to evaluate
these anatomic areas. In general, PET with concurrent diagnostic CT is warranted
for evaluating for distant metastases.
The need for tumor biopsy is not indicated unless there is a question of the diagnosis

or if the tumor is unresectable. Hence, surgical dictum recommends primary resection
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to prevent unnecessary tumor rupture, complete tumor staging with concurrent ipsi-
lateral lymph node dissection, and tumor extirpation to control the overproduction
of hormones. Hence, the authors strongly recommend that surgical excision should
be done upfront whenever possible and that biopsies should be avoided.
Surgery is the only curative treatment modality in ACT, and, as such, it is the corner-

stone of treatment. The goal in all cases is complete resection, including en bloc (par-
tial) removal of adjacent organs if needed to achieve negative margins. The driving
force behind this recommendation is the fact that patients with microscopic or macro-
scopic residual disease or metastatic disease have a dismal prognosis (Fig. 1). Before
surgery, it is essential that the patients are properly prepared to avoid adrenal insuffi-
ciency in the perioperative period. As such, corticosteroids directed to both glucocor-
ticoid and mineralocorticoid function are mandated. The reason for this
recommendation is that, with the abrupt decrease in hormone production with surgical
resection of the ipsilateral tumor (and if the adrenalytic agent mitotane is used in the
adjuvant setting), the need for steroid supplementation in the perioperative and post-
operative settings is absolute.
Meticulous and precise surgical technique is advised in all patients having resection

of ACT and should include a complete discussion with the patient. A major concern is
inadvertent tumor spillage because it increases the rate of recurrence and worsens
prognosis by upstaging the patient and increasing therapy in the adjuvant setting,
as shown in Fig. 1.
Known anatomic considerations and concerns need to be well understood and

acknowledged by the surgeon too, because these issues can increase the risk of
rupture.11 ACT can present with a very thin capsule and be composed of gelatinous
contents from intratumoral necrosis, which may also increase the risk of rupture
and must be taken into account by the surgeon (Figs. 2 and 3A and B).
The decision on the type of surgery (open or closed) to perform in ACT is surgeon

and case dependent. For smaller lesions, those with benign characteristics, those
relegated to the gland, and in those without concern for spill, a closed or minimally
Fig. 1. Brazilian Pediatric ACT Cohort showing impact of tumor rupture on survival. Data
analyzed on 151 Brazilian children diagnosed with ACT showed a statistically significant
(P<.0005) reduction in survival when tumors were ruptured at surgery.
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Fig. 2. Anatomic position of the right adrenal gland and the liver (A) and CT (B) showing the
posterior view of the interface of the right adrenal gland with the liver with the right ad-
renal firmly adherent to the liver by fibrous union of the capsules, making it easier for
the tumor rupture to occur.

Fig. 3. Imaging comparison of 2 different ACT tumor consistencies. Radiologic comparison
between 2 different tumor consistencies with the upper axial and coronal MRI (A) showing
a homogeneous and solid lesion, whereas the lower images (B) shows a heterogeneous
pattern and likely tenuous tissue consistency more prone to rupture.
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invasive approach can be considered. The pros and cons of open and minimally inva-
sive access (minimally invasive surgery [MIS]) are well known, but the surgeon must
keep in mind that patients with ACT have inferior outcomes with higher relapse rates
after MIS approaches, especially in large tumors. Thus, although feasible and
tempting in many cases, the authors strongly recommend that laparoscopic resec-
tions should be carefully considered and performed in pediatric ACT in centers with
experienced surgeons, high case volumes, and in patients with small tumors.
In larger tumors, tumors invading other organs, concern for intraoperative tumor

rupture or spill, and tumors expected to be malignant ACT regardless of size and
any sign of vascular involvement, an open approach should be prioritized. The open
surgical approach can be done by laparotomy or a thoracoabdominal approach. A
thoracoabdominal approach (Fig. 4) is recommended to decrease the risk of rupture
and hemorrhage by widely opening the involved operative field and allowing access to
the posterior structures of the retroperitoneum and body wall where perforation may
be likely to occur, especially the large tumors that grow behind the liver. This approach
is recommended for small tumors in this site as well, because the adrenal and liver
capsules may be densely adherent and rupture can easily occur. Self-retaining liver
retractors can be important tools to facilitate access and extirpation. In order to reach
the adrenal glands, the surgeon must perform an ipsilateral (possibly bilateral) medial
visceral rotation maneuver to mobilize the associated adjacent and overlying struc-
tures (surgeons also need to be able to mobilize the liver and the left and right trian-
gular, falciform, and caudate ligaments) fully as well, so as to gain access to the
right (or even left) adrenal gland. These maneuvers also allow access to the aorta,
the vena cava, and their branches so as to achieve vascular control if required.
However, regardless of the technique used for the resection, the surgeon must be

able to perform an ipsilateral retroperitoneal lymph node dissection (RPLND) as well
for proper and complete staging of these tumors. Evidence of lymph node metastases
(radiographically occult or not) upstages patients and intensifies adjuvant therapy.
Because RPLND is a standard oncological principle, a careful understanding of the
anatomic boundaries for this procedure need to be recognized and acted on. An
RPLND should be performed to ensure adequate histopathologic staging. The
lymphatic drainage of the adrenal gland includes the lymph node basins of the ipsilat-
eral suprarenal space, kidney, and periaortic and paracaval regions, and these regions
Fig. 4. Thoracolaparotomy incision. Representative image of a child undergoing open right
adrenalectomy via a thoracolaparotomy incision.
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should be included in a dissection. In order to determine the necessity of an RPLND as
a formal component of treatment, the recently completed Children’s Oncology Group
(COG) ARAR0332 prospective trial is attempting to evaluate the necessity and results
of RPLND in low-stage ACT. However, preliminary results have been inconclusive.12

Vascular extension is another surgical issue in ACT, because it is related to very poor
prognosis and changes the surgical strategy considerably.10 In some cases, cardiac
bypass may be needed to achieve complete resection in those cases where the tumor
thrombus ascends the vena cava to the level of the hepatic veins or more cephalad into
the right atrium. It is important to evaluate this condition preoperatively with dedicated
vascular imaging to assess the extent of the tumor thrombus. The tumor thrombus of
ACT is also distinctive (Fig. 5), and Table 1 outlines the qualitative differences between
tumor thromboses in nephroblastoma and ACT. Considering the difficulties in resection
that these features add, surgeons must be prepared to deal with these risks.
The benefit of primary tumor resection or debulking in general is yet to be defined in

pediatric patients with metastatic ACT. In some cases, it may be indicated because of
refractory hypertension and/or to relieve other symptoms of hormone overproduction.
Aggressive locoregional debulking, including peritonectomy and metastasectomy,
alone or in combination with hyperthermic intraperitoneal chemotherapy (HIPEC), is
another consideration, but adequate data are lacking. Furthermore, pulmonary meta-
stasectomy has been reported to have benefit, but the exact indications and in which
patients (especially in children) have not been defined.13

Pathologically, small tumors can behave aggressively, suggesting that more specific
prognostic factors should be considered other than simply tumor size. On histology,
ACTs are classified as adenoma, indeterminate, or carcinoma.14 Adenomas are associ-
ated with excellent prognosis because they are benign, but only about 20% of pediatric
ACTs are classified as such.9 However, the distinction between adenoma and carci-
noma histopathologically is difficult,15–18 and many times tumors are considered of
indeterminate histology. If there is evidence of metastases and/or recurrence, then a
diagnosis of carcinoma is obvious. To better define the malignant potential of ACT, a
study is needed to quantitate markers of angiogenesis and lymphangiogenesis in
ACT and controls.19,20 From the angiogenic perspective, combined levels of vascular
endothelial growth factor, endoglin, intratumoral microvessel density (MVD), and cluster
of differentiation 34 (CD34) MVD were better able to predict prognosis in patients with
indeterminate tumor histology. Inclusion of these components in the pathologic analysis
of ACT may refine the classification in pediatric ACT.19 No association was noted
Fig. 5. Tumor thrombus in ACT and nephroblastoma. (A–C) Intracaval tumor thrombus. (A)
The ACT tumor thrombus is a distinct mass and friable, whereas in nephroblastoma it is a
plaquelike lesion adherent to the vessel wall. (B) Nephroblastoma in vivo, cavotomy; (C)
ex vivo.
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Fig. 6. Brazilian Pediatric ACT Cohort showing impact of tumor weight on survival. Data
analyzed on 151 Brazilian children diagnosed with ACT showed a statistically significant
(P 5 .004) reduction in survival with larger tumors.
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between positive lymph nodes and relapsed disease. In contrast, the lymphatic vessel
density was inversely associated with local relapse, indicating that pediatric adrenocor-
tical carcinoma (ACC) may not disseminate through lymphatic vessels.20

Staging of ACT combines several components, including tumor size (Fig. 6), evi-
dence of local-regional extra-adrenal disease, and metastases. Complete staging ne-
cessitates both radiologic and anatomic considerations. An ACT staging system21

used in the most recent COG ARAR0332 is provided in Table 2. At present, tumor
size and disease stage remain the primary prognostic factors of this disease,15–18,21

because other prognostic factors have not been firmly established for pediatric ACT.
Based on staging, the treatment proposed by the recently completed COG

ARAR0332 protocol is shown in Table 3. Multimodal therapies are recommended,
including surgery, cytotoxic chemotherapy, and the primary adrenalytic agent
Table 1
Qualitative differences between tumor thromboses in nephroblastoma and adrenocortical
tumors

WT Thrombus ACT Thrombus

Consistency Firm Friable

Thrombus Regression Possible Unlikely

Stage No change Changes staging
(spillage)

Oncological Prognosis No change Very poor

Constitution
(Viable Tumor Cells)

Skeleton with/without
tumor cells

Tumor cells

Embolism Possible Likely

Surgical Complications Rare More often

Abbreviation: WT, wilms tumor (nephroblastoma).
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Table 2
Adrenocortical tumor staging per Children’s Oncology Group ARAR0332

Stage Definition

I Completely resected, small tumors (<100 g and <200 cm3), with normal
postoperative hormone levels

II Completely resected, large tumors (>100 g and >200 cm3), with normal
postoperative hormone levels

III Unresectable gross or microscopic disease
Tumor spillage
Patients with stage I and II tumors who fail to normalize hormone levels after

surgery
Patients with lymph node involvement

IV Presence of distant metastases
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mitotane. Outcomes for children with malignant stage I ACT are excellent with surgery
only.9,12 However, failure rates for patients with localized large tumors (stage II) remain
high after surgery. Hence, systemic therapy should be considered for this group of pa-
tients after careful multidisciplinary review. Patients with stage III ACC have an accept-
able outcome combining surgery and standard chemotherapy regimens.
Unfortunately, patients with stage IV ACT continue to have poor outcomes and new
treatments need to be developed for this high-risk group (Fig. 7). The combination
of mitotane and chemotherapy as prescribed in COG ARAR0332 resulted in significant
toxicity in an initial review, with one-third of patients being unable to complete the
scheduled treatment.12

Treatment in high-volume specialized centers is advised because of the complex
nature of this tumor. The authors recommend enrollment of children with ACT in clin-
ical trials and research studies directed at the delineation of ACT biology and genetic
profiles so as to guide future treatment initiatives.

Medulla

Pheochromocytoma(Pheo)/paraganglioma (PGL) (PP) are a constellation of neuroen-
docrine tumors defined by their anatomic location (adrenal vs extra-adrenal) and that
trace their common cell of origin to the catecholamine-secreting enterochromaffin cell.
These tumors originate in either the adrenal gland (Pheo) or in extra-adrenal organs
(PGL) such as the sympathetic ganglia, carotid body, organ of Zuckerkandl, bladder,
Table 3
Treatment by adrenocortical tumor stage per Children’s Oncology Group ARAR0332

Stage Treatment

I Surgery alone

II Surgery 1 RPLND

III Mitotane
CDDP/ETO/DOX
Surgery 1 RPLND

IV Mitotane
CDDP/ETO/DOX
Surgery 1 RPLND

Abbreviations: CDDP, cisplatin; DOX, doxorubicin; ETO, etoposide.
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Fig. 7. Brazilian Pediatric ACT Cohort showing impact of tumor stage on survival. Data
analyzed on 151 Brazilian children diagnosed with ACT showed a statistically significant
(P 5 .0174) reduction in survival with increasing tumor stage.
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or other locations as classified by the World Health Organization in 2017.22 Some 85%
are found in the adrenal medulla, and extrarenal sites account for the remainder.23

They can also be sympathetic or parasympathetic, with the latter group being identi-
fied in the head and cervical regions primarily and being biochemically silent.24 PP are
rare, with an incidence of 0.6 per 100,000 person-years,25 with approximately 10%
occurring in children younger than 14 years, male individuals being affected at twice
the rate as female, and extra-adrenal sites accounting for up to one-third of all pedi-
atric cases.26–29

Regardless of the epidemiologic observations in these tumors, their genetic origins
are traced to some 20 germline and/or somatic mutations that drive their oncogenesis
in 3 distinct pathways: pseudohypoxic, kinase dependent, and Wnt-signaling clus-
ters.30 The pseudohypoxic pathway interferes with the normal regulation of hypoxia-
inducible factor (HIF) signaling, whereby hypoxia is not the prime driver of the molec-
ular events, but other components of the cellular milieu that mimic an oxygen-starved
state. The genetic mutations found in this cohort include hypoxia-inducible factor 2-
alpha (HIF2a), von Hippel-Lindau tumor suppressor (vHL [von Hippel-Lindau syn-
drome]), and Krebs cycle pathway components (eg, succinyl dehydrogenase [Carney
triad, Carney-Stratakis syndrome], fumarate hydratase, malate dehydrogenase 2.) The
kinase-dependent cluster involves the dysregulation of the phosphoinositide 3-kinase
(PI3K)/mammalian target of rapamycin (mTOR) cell survival pathway by inducing cell
growth and subverting apoptotic regulation via a mitogen-activated protein kinase
(MAPK)–dependent mechanism via mutations in RET, NF1 (neurofibromatosis 1 syn-
drome), H-RAS, K-RAS, MAX, ATRX, and several others. The Wnt group of mutations
includes MAML3 and CSDE1, which exploit the processes of cell development,
motility, and differentiation to promote cell growth and tumorigenesis. No matter the
selective genetic perturbation involved, these 3 common pathways serve as a founda-
tion for both diagnostic and therapeutic interventions with significant clinical impact
regardless of age or clinical presentation.
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Patient presentation can span the spectrum from incidentally found lesions in
asymptomatic children to expected masses identified in genetically predisposed pa-
tients. Symptoms can include some combination of sweating, pallor, nausea, flushing,
anxiety, weight loss/failure to thrive, headaches, dizziness, and/or urinary symptoms
(proteinuria, hematuria, polyuria), but there is no one pattern or symptom identified
as dominant save sustained hypertension, which is found in most.28 However, adults
have a classic pattern of paroxysmal hypertension that is not found in children.24

These symptoms are secondary to catecholamine excess, and, depending on the or-
gan in which the tumor arises, the biochemical profile is different. Only in the adrenal
medulla can norepinephrine be converted to the epinephrine secondary to the action
of phenylethanolamine N-methyltransferase (PNMT),31 and, as such, identification of
increased levels of epinephrine (or its metabolites) in the serum and urine indicate
an adrenal origin of the tumor. In contradistinction, isolated, increased levels of epi-
nephrine’s precursors (norepinephrine and especially dopamine)indicate an extra-
adrenal origin. However, dopaminergic tumors are generally physiologically silent,
and hence they may grow unnoticed until physical signs or symptoms develop sec-
ondary to mass effect on adjacent structures.32

PP diagnosis begins with a thorough history and physical examination focusing on
the symptoms. Documenting each symptom’s severity, change over time, and dura-
tion is critical to establish a differential diagnosis. A complete examination (including
serial vital sign measurements) is critical to identify subtle findings (papilledema,
bruits, or subtle fullness) that may be present but overlooked in the setting of more
obvious issues, such as hypertension and hematuria. Baseline laboratory testing is
warranted, including urinary and plasma free metanephrines (metanephrine and nor-
metanephrine),33 methoxytyramine (for dopaminergic tumors),32 and chromogranin
A levels (especially with succinate dehydrogenase [SDH]–deficient tumors and tumor
syndromes).34 The degree of increase in some of these values can also be diagnosti-
cally significant; there are reports of levels of plasma free and urine metabolites
greater than 4-fold greater than baseline being highly suggestive of a lesion.35 Imaging
begins with dedicated plain radiographs of the involved area of concern, in addition to
dedicated ultrasonography. Identification of masses or lesions in specific locations is
both possible and probable depending on the anatomic location of the mass (paraspi-
nous, adrenal, cervical, and so forth), in addition to identifying other organ involvement
(liver, lung, lymph nodes, and so forth). If ultrasonography or plain radiographs identify
a suspected mass, or if there is a high index of suspicion, then a dedicated CT or MR
study can be undertaken. MR and CT have both shown a high sensitivity for identifying
these tumors (90%),36 but MRI is the preferred modality in children secondary to
absence of ionizing radiation and risk of second malignancies.37 Even in children
with a known genetic predisposition syndrome (NF1, vHL, SDH mutations) who may
undergo surveillance via whole-body MR to identify occult tumors at regular intervals,
a dedicated MR scan of the involved area of concern is likely to be needed to better
characterize the tumor. PP can also be characterized and identified by various nuclear
medicine studies (alone or in conjunction with MR or CT), including PET scanning with
various moieties (fluorodopamine, fluorodeoxyglucose), 123I-MIBG (meta-iodobenzyl-
guanidine), or DOTA (dodecane tetraacetic acid) peptides. These nuclear medicine
studies can identify the focal lesion in question, in addition to metastatic foci.
Treatment of PP, once identified, is surgery in almost all cases. Before any anes-

thetic, patients require the combined care of providers who understand the metabolic
demands and hormonal effects of PP. Coordination between surgeon, endocrinolo-
gist, oncologist, and anesthesiologist is critical to appropriately initiate and escalate
perioperative blockade before surgery. Preoperative assessment with an
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electrocardiogram and echocardiogram is also important to show any effects on the
heart (ventricular hypertrophy, conduction abnormalities) from long-standing tachy-
cardia and hypertension.38 The following protocol is used at this author’s (C.B.W.)
institution and has been found to be effective; however, there are many different drugs
available. As such, the following discussion is simply one reference, and any institution
of a treatment plan must include a multidisciplinary team well versed in these drugs
because they can have profound sequelae if not managed properly. A goal reduction
in the patient’s blood pressure to less than 50% of expected for height, weight, and
age is generally a recommend goal.24 The optimization period begins with hyperhydra-
tion (1.5 times maintenance of fluid intake per day) and a high-salt diet (6–10 g/d) so as
to assist in the prevention of postural hypotension in the setting of alpha blockade.
Once fluid and dietary modifications have been established for 24 to 48 hours, alpha
blockade is begun. Although many agents may be used, twice-daily doxazosin begin-
ning at 1 mg per dose and escalated by 0.5 mg per dose per day over the course of a
week to the point of development of orthostasis has proved to be effective, as previ-
ously reported.28 Once postural hypotension is documented, assessment of the
resting heart rate must occur, and the patient must be cautioned regarding sudden po-
sitional changes that may result in dizziness and subsequent inadvertent traumatic
injury from falling. Beta blockade is initiated roughly 24 hours after optimal alpha
blockade has been established, and ideally within 3 days of the proposed surgery
date. A beta-1 selective agent (atenolol) is used, and a standing dosage established
(0.5 mg/kg/d divided twice daily) and escalated (1 mg/kg/d) to keep the heart rate
less than 100beats/min.39 Approximately 24 hours before surgery, the child is
admitted, begun on 1.5 times maintenance of 0.9% normal saline, while continuing
all previously described components. If for any reason the blockade is not thought
to be adequate, then careful escalation can be performed under the medical pro-
viders’ care, possibly requiring admission to the intensive care unit. During surgery,
parenteral alpha-antagonists and beta-antagonists are commenced using short-
acting formulations and agents, in addition to having alpha-agonists and beta-
agonists also available to support the patient with profound hypotension once the
baseline circulating catecholamine production has ceased on tumor extirpation.
These hypertensive medications (norepinephrine, epinephrine continuous infusions)
may be required days to weeks postoperatively, and these patients require careful
and ongoing observation and management in the immediate and longer-term periop-
erative periods secondary to the risk of cardiovascular and neurovascular sequelae.40

Whether attempted by open or closed techniques, the surgical principles are the
same: complete extirpation of the tumor without damage to surrounding structures
and assessment for any evidence of regional disease if indicated by preoperative eval-
uation or intraoperative assessment. Details regarding the nuances and technical steps
for an open adrenalectomy are discussed earlier in this article. For a minimally invasive
approach, appropriate port placement is critical. In general, 4 ports are required, with 2
being used by the surgeon to perform the dissection and resection, whereas the other 2
are used by the assistant to retract adjacent organs (liver, spleen, stomach, bowel) and
operate the camera (transumbilical port site) (Fig. 8). These 4 ports are generally placed
around the umbilicus, but they may be positioned anywhere on the anterior abdominal
wall per surgeon’s preference. Whether the patient is placed supine or on a small, ipsi-
lateral flank roll is also a surgeon-specific decision. Furthermore, care should be taken
to carefully and deliberately ligate (sutures, clips, fulguration, or a combination of tech-
niques depending on the size of the vessel) the adrenal vein before extensive gland
manipulation or dissection if possible, so as to minimize the uncontrolled release of cat-
echolamines intraoperatively. For smaller tumors, bilateral tumors, or unilateral tumors
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Fig. 8. Port placement for right adrenalectomy. The patient has a right adrenal mass, and
the proposed port placement locations are shown for the primary surgeon (A and C) and
the assistant (B). D, transumbilical port.
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in children with known genetic predisposition syndromes where partial, cortical-sparing
adrenalectomies are required when feasible, or if there is a question about the exact
location of the mass within the adrenal and to ensure the mass is completely resected,
intraoperative ultrasonography is an excellent adjuvant to define the anatomy and asso-
ciated structures The results with this technique are excellent, with documented shorter
operative times, less pain in the postoperative period, and a decreased length of stay in
the hospital compared with open procedures.41,42

Treatment of nonmetastatic PP postoperatively requires primarily surveillance only,
especially in patients with genetic predisposition syndromes who may develop other
PP elsewhere over the course of time. Furthermore, any patient with a PP may have
recurrence and/or metachronous metastases.43,44 This surveillance is generally a
combination of examinations, laboratory testing (urine and plasma catecholamine me-
tabolites, chromogranin A levels, methoxytyramine levels) and radiological evaluations
(whole-body MRI). There is no one regimen accepted or proposed in all cases, but
those patients with genetic predisposition syndromes require lifelong surveillance.27

Those nonsyndromic children require 10 years of observation postprocedure.45

The determination of malignancy in this disease cannot be made histopathologically
despite several attempts to identify negative prognostic factors.15,46,47 The definitive
means of determining malignancy in PP is evidence of non–neural crest cell disease
deposits, and malignancy is only identified in a minority (10%) of cases.48 Treatment
in metastatic PP involves a combination of catecholamine-induced symptom control,
tumor debulking/destruction (surgical, percutaneous image guided, or both), cytotoxic
chemotherapy, and radiopharmaceutical interventions.49 When adjuvant therapies are
required, referral to a dedicated, multidisciplinary care team is recommended.
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PSEUDOTUMORS, MIMICS, AND THE UNEXPECTED

The adrenal gland is anatomically nestled in the retroperitoneum adjacent to and sur-
rounded by several other organs from which tumors may arise and cause confusion
about the origin of the neoplasm.50 The kidney, pancreas, spleen, liver, stomach, sym-
pathetic chain (schwannoma, paraganglioma, neuroblastic tumors, neurofibroma),
and even the peritoneum (primary peritoneal cysts, inflammatory myofibroblastic tu-
mors) and retroperitoneum (germ cell tumors, sarcomas [Ewing, liposarcoma, leio-
myosarcoma], lymphomas, lipomas, fibrous tumors, echinococcus cysts,
granulomatosis, xanthomatosis) may all serve as the originating organ from which a
tumor may arise that compresses or interferes with identifying the adrenal gland as
an uninvolved adjacent organ.50–52

In addition, a word of caution is needed when lesions are found incidentally antena-
tally or postnatally in any pediatric patient or any age. Clinicians must account for the
identified lesion possibly being a focus of an ectopic organ from disordered embryo-
genesis (lung [pulmonary sequestrations, bronchogenic cysts], enteric duplications),53

inborn errors of adrenal hormone synthesis (congenital adrenal hyperplasia),54 or an
adrenal hemorrhage55 in evolution. These masses may be cystic, solid, or both,
may be bilateral, may have characteristic echo or cross-sectional imaging features,
and/or may have expected vascular inflow and outflow patterns that may help with
the diagnosis. Hence, age may serve as a necessary component in the construction
of a diagnostic algorithm.
SUMMARY

Pediatric adrenal neoplasms, although rare, span a broad differential from pseudotu-
mors to frank malignancies. Considering the bivariate embryogenesis of the organ and
its anatomic location, careful, multimodality diagnostic plans must be enacted to
ensure the proper course of therapy is undertaken. Surgery is invariably required for
both treatment of the benign entities and cure of the malignant tumors, and these chil-
dren generally require fastidious and ongoing surveillance.
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vedo Souza Júnior, Rodrigo Chaves Ribeiro, Vilani Kremer, Carmem M.C. M Fiori,
Augusto del Arcos Carneiro Francisco, Lauro José Gregianin, Ísis Quezado, Acimar
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CLINICS CARE POINTS

� As these tumors frequently produce hormones, careful biochemical evaluation
and chemical manipulation and/or supplementation may be required in the pre-
operative, perioperative or postoperative periods.
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� Adrenal tumors in children can be benign or malignant and hormone-secreting or
not. Although adrenal tumors are considered rare, it is of essence to perform the
right diagnosis to guide treatment.

� Adrenocortical tumors are more common in the Southeast of Brazil.
� Surgical principles for each type of tumor should be followed in order to avoid
complications and contribute to better cure and survival rates.
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48. Edström Elder E, Hjelm Skog A-L, Höög A, et al. The management of benign and
malignant pheochromocytoma and abdominal paraganglioma. Eur J Surg Oncol
2003;29(3):278–83.

49. Nölting S, Ullrich M, Pietzsch J, et al. Current management of pheochromocy-
toma/paraganglioma: a guide for the practicing clinician in the era of precision
medicine. Cancers (Basel) 2019;11(10). https://doi.org/10.3390/
cancers11101505.

50. Frey S, Caillard C, Toulgoat F, et al. Non-adrenal tumors of the adrenal area; what
are the pitfalls? J Visc Surg 2020;157(3):217–30.

51. Shaikh F, Murray MJ, Amatruda JF, et al. Paediatric extracranial germ-cell tu-
mours. Lancet Oncol 2016;17(4):e149–62.

52. Rashidi A, Fisher SI. Primary adrenal lymphoma: a systematic review. Ann Hem-
atol 2013;92(12):1583–93.

53. White J, Chan YF, Neuberger S, et al. Prenatal sonographic detection of intra-
abdominal extralobar pulmonary sequestration: report of three cases and litera-
ture review. Prenat Diagn 1994;14(8):653–8.

54. Bittman ME, Lee EY, Restrepo R, et al. Focal adrenal lesions in pediatric patients.
Am J Roentgenol 2013;200(6):W542–56.

55. Velaphi SC, Perlman JM. Neonatal adrenal hemorrhage: clinical and abdominal
sonographic findings. Clin Pediatr (Phila) 2001;40(10):545–8.
ed for Anonymous User (n/a) at University of Alabama at Birmingham from ClinicalKey.com by Elsevier on March 19, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1055-3207(20)30107-1/sref40
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref40
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref40
https://doi.org/10.3390/cancers11070936
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref42
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref42
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref42
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref43
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref43
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref44
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref44
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref44
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref45
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref45
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref46
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref46
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref46
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref47
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref47
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref47
https://doi.org/10.3390/jcm7090242
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref49
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref49
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref49
https://doi.org/10.3390/cancers11101505
https://doi.org/10.3390/cancers11101505
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref55
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref55
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref56
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref56
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref57
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref57
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref60
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref60
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref60
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref61
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref61
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref62
http://refhub.elsevier.com/S1055-3207(20)30107-1/sref62

	Management of Adrenal Tumors in Pediatric Patients
	Key points
	Introduction
	Primary tumors
	Cortex
	Medulla

	Pseudotumors, mimics, and the unexpected
	Summary
	Acknowledgments
	References


