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INTRODUCTION:  Pheochromocytomas  are  rare  neuroendocrine  tumors  that form  in chromaffin  cells  of
the neural  crest  during  the  embryological  period.  In  the  overall  population,  incidence  rate  is 0.1%;  lack
of  early  diagnosis  or adequate  treatment  can  lead  to  life-threatening  complications.  The  secretion  of
catecholamines,  such  as  adrenaline  or  norepinephrine,  produces  paroxysmal  headache,  palpitations  and
arterial hypertension.  Secondary,  hyperglycemic  crises  may  also  appear,  thus  contributing  to  misdiag-
nosis  of diabetes  mellitus  or  diabetic  ketoacidosis.  Surgery  prevails  as  primary  treatment;  despite  its
subsequent  high  mortality  rate  of  up to 50%  during  the  intra and  postoperative  periods.
CASE  REPORT:  We  describe  the case  of a 55-year-old  man,  diagnosed  in  2012  with  arterial  hyperten-
sion  and  almost  uncontrollable  labile  arterial  hypertension,  who  had been  medicated  with  second  and
third-line  antihypertensive  drugs,  but,  who,  nonetheless  showed  no clinical  improvement.  Biochemical
profile  studies  showed  elevated  normetanephrine  and  metanephrine  levels;  and  an  abdominal  MRI,  a
markedly  vascularized,  72  × 62  mm  diameter  solid  mass  in the  right  adrenal  fossa;  thereby  leading  to its
classification  as a large,  noradrenergic  phenotype  pheochromocytoma.
DISCUSSION:  In  2018,  at the  Fundación  de  Santa  Fe de Bogotá  Hospital,  patient  underwent  Transperitoneal
Laparoscopic  Adrenalectomy,  which  proceeded  without  complications.  In the  6-month  postoperative

follow-up,  patient  remained  asymptomatic  for cardiovascular  risk  and  maintained  stable  blood  pressure
within  goals;  consequently,  antihypertensive  therapy  was  suspended.
CONCLUSION:  Despite  advances  in  surgical  technique  and  perioperative  management,  minimally  invasive
surgery  for  resection  of  large  pheochromocytoma  is  a challenging  procedure,  due  to  risk  of  intraoperative
hemodynamic  instability.
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. Introduction

Pheochromocytomas are neuroendocrine tumors derived from
hromaffin cells in the neural crest during the embryological
eriod. Eighty-five percent of tumors in chromaffin cells corre-
pond to this type of tumor, the rest are paragangliomas [1,2].

An incidence rate of 0.1%, peaking in the fourth and fifth decades
f life, affects the general population [3,4]. Although pheochromo-
ytomas are rare, without adequate diagnosis and treatment, they
an bring about life-threatening complications.

These tumors have the potential to secrete catecholamines,

e: adrenaline, norepinephrine and dopamine, that, in turn, pro-
uce paroxysmal headache, palpitations, arterial hypertension,
iaphoresis and tachycardia. Catecholamine synthesis and secre-

Abbreviations: ICU, Intensive Care Unit; MEN-2A/2B, Multiple Type 2 endocrine
eoplasia; MRI, Magnetic Resonance Imaging; PASS Scale Score, Pheochromocytoma
f  the Adrenal Gland Scaled; CC, Colombian Constitution; U/S, Ultrasound.
∗ Corresponding author at: Cra 16 # 127- 31 To 5, Apartment 1102, Reserva de
anta Clara, Bogota, Colombia.

E-mail address: garcia.nicole@javeriana.edu.co (N. García).

ttps://doi.org/10.1016/j.ijscr.2020.05.027
210-2612/© 2020 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Grou
rg/licenses/by/4.0/).
shed  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
le under  the CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).

tion are among the most important factors to look for when
diagnosing this type of tumor. However, the release of cate-
cholamines may  be minimal; whereas, the release of metabolites
(metanephrine and normetanephrine) can be continuous [2,5,6].

Due to their unspecific clinical symptomatology, pheochro-
mocytomas are difficult to diagnose. Furthermore, asymptomatic
disease often shields these tumors, and only incidental findings
in diagnostic images arouse suspicion of their presence. Given
their low incidence, many physicians have never encountered this
pathology [2,8].

Accurate diagnosis requires not only adequate biochemical
studies, but precise tumor location, as well. Therefore, diagnos-
tic images, which can be anatomical, to determine location and
subsequent surgical approach, or functional, to evaluate the possi-
bility of metastasis, play important roles in diagnosing and treating
pheochromocytomas [1,2,9].

Complete resection is currently the only cure. However, dur-
ing surgery, catecholamines are almost always released, thereby

triggering hypertension or arrhythmias that may result in cardio-
vascular failure. The literature reports primarily on tumors less
than 10 cm in diameter, and recognized laparoscopic surgery to be
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Table  1
Timeline.
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Table 2
Biochemical profile report.

BIOCHEMICAL TEST LEVELS

Vanillylmandelic acid 15.7 mg/24 h
Metanephrines 102 mcg/24 h
Normetanephrine 6751 mcg/24 h
Total Metanephrines 6853 mcg/24 h
Dopamine 40 pg/mL
Epinephrine 5 mcg/24 h
Norepinephrine 1929 mcg/24 h
he most successful treatment when tumor size is less than 6 cm
22,27].

Similarly, when tumor mass is in close contact with the renal
ein or inferior vena cava, surgeons should perform laparoscopic
umor resection. Despite advances in surgical procedures and peri-
perative management, minimally invasive pheochromocytoma
esection surgery continues to be challenging; mainly due to risk of
ntraoperative hemodynamic instability, especially in cases where
umor diameter is greater than 6 cms  [26].

This research report complies with SCARE Criteria [30].

. Methods - case report

.1. Background/patient description

A 55 year-old Colombian, male patient sought specialized med-
cal care at the Fundación Santa Fe de Bogotá Hospital.

.2. Clinical findings

We  report on the case of a 55 year-old male, whose 2012
iagnosis of difficult-to-control labile arterial hypertension, which,
espite treatment with second- and third-line antihypertensive
edication showed no clinical improvement.

Patient’s medical background included excess body weight (BMI
2.99), sedentarism, and no specific family or personal surgical
istory. His pharmacological history for blood pressure included
60 mg/5 mg  Valsartan/Amlodipine daily and Prazosin 1 mg  every

 h. Previous antihypertensive medications included 50 mg  Losar-
an, every 12 h; 25 mg  Hydrochlorothiazide, daily.

Physical exam blood pressure was 142/90 mmHg; abdomen
howed abundant adipose panicle; palpitation revealed no masses
r visceromegaly, all other physical-exam checklist specifics fell
ithin normal limits.

.3. Timeline (Table 1)

. Results

.1. Diagnostic focus and assessment

Considering the difficultly of pinpointing causes for inadequate
lood pressure, early diagnosis rested on secondary arterial hyper-
ension. Subsequent epidemiological data revealed a renal ailment
o be the primary cause of arterial hypertension; therefore, in 2016,

atient underwent renal ultrasound and Doppler ultrasound of the
enal arteries in 2016 the results of which were within normal
imits. Patientś complete 2018 abdominal ultrasound revealed a
ossibly neoplastic solid lesion, located in the hepatorenal cavity;
Total Catecholamines 1934 mcg/24 h
Urinary Dopamine 208 mcg/24 h

however, it was  not possible to determine if it was  placed on the
adrenal gland or on the upper pole level of the right kidney.

Accordingly, the General Surgery staff of the Fundación Santa Fe
de Bogotá evaluated the patient. In a detailed biochemical profile,
evidence appeared of high normetanephrine and metanephrine
levels, thus creating suspicion of the presence of a noradrenergic
phenotype pheochromocytoma (Table 2).

An abdominal MRI  pinpointed a markedly vascularized, 72 ×
62 mm,  solid lesion in the right adrenal cavity, which, under con-
trast agent application during arterial phase, became intensely
enhanced. Due to this description, examiners potentially classified
the mass as a large size pheochromocytoma (Figs. 1a–b and 2a–b).

Due to the large mass size, physicians opted for transperitoneal
laparoscopic adrenalectomy, which permits intraoperative conver-
sion to open surgery if necessary, thus providing better and more
surgical space. Patient agreed to scheduled surgery in September
2018 at the Fundación Santa Fe de Bogotá Hospital.

Before surgery commenced, anesthesiology and cardiology spe-
cialists recommended, careful use of sodium nitroprusside, in
case of hypertensive crisis; possible use of esmolol for eventual
supraventricular tachycardia or tachyarrhythmia; and, phenyle-
phrine, in case of hypotension secondary to tumor resection;
additionally, due to risk of hemodynamic instability following
surgery, patient transfer to Intensive Care Unit.

3.1.1. Surgical intervention
Transperitoneal laparoscopic adrenalectomy performed by lead

surgeon Roosevelt Fajardo and Francisco Díaz, second surgeon;
Nicole García, XII year (2018) intern, surgical assistant.

3.1.1.1 Medical devices.  LigaSureTM 5-mm Blunt Tip.

3.1.1.2 Laparoscopic instrument

3.1.1.3 Prophylactic antibiotic. Cephazolin
3.1.1.4 Pharmacological therapies. Alpha and beta-adrenergic block-
age during anesthesia, deployed prior to surgical treatment.

3.1.1.5 Surgical technique.  Under general anesthesia, patient posi-
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Fig. 1. a–b: Coronal plan in abdominal Magnetic Resonance, with evidence of solid hypervascular lesion in right suprarenal cavity.
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Fig. 2. a–b: Axial plane of abdominal Magnetic Resonance with s

ioned in left decubitus; # 2–5 mm and #2–12 mm trocars put
n place; liver lifted in right hypochondrium; complete dissec-
ion until vena cava and right renal vein identified; following
ight adrenal vein identification, hemolock fixation; using Ligasure,

umor mass dissected; revealing direct relationship with vena cava
nd renal vein; through an access port, tumor mass extracted and
laced in a sample collection bag; cavity closed in planes (Fig. 3a–b).
sion with well-defined contour of 72 mm in right adrenal gland.

Surgery proceeded without complications; no significant blood
loss or surgical wound complications occurred; patient trans-
ferred to ICU following surgery Pheochromocytoma diagnosis
confirmed on the basis of surgical photographs and anato-

mopathological report on 5.3 × 5.5 cm rounded tumor lesion, PASS
Scale Score of 5/20, related to high aggressive-behavior risk
(Fig. 4).
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Fig. 3. a–b: Image of intraoperative t
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Warning signals that prompt biochemical study for this type
Fig. 4. Pheochromocytoma extracted in surgery room.

.2. Follow-up and outcomes

At one month postop (October 2018), surgical specialist exam-
ned patient at the Fundación Santa Fe de Bogotá Hospital to ensure
urgical wound was healing properly. Cardiology and internal
edicine specialists also examined patient and verified favor-

ble progress in adequate blood pressure and heart rate within,
symptomatic cardiovascular condition, and no need for anti-
ypertension management. At subsequent six.-month follow-up,
lood pressure remained stable, requiring no pharmacological
reatment.

. Discussion

Pheochromocytomas are neuroendocrine tumors that form in

hromaffin cells of the neural crest during the embryological
eriod. This type of tumor accounts for 85% of all tumors in chro-
affin cells, the remainder corresponds to paragangliomas [1,2].
umor, after hepatic movement.

In the general population, these rare tumors have an estimated
incidence rate of 0.1%, which peaks during fourth and fifth decades
of life; and their presence, can lead to life-threatening complica-
tions if diagnosis and treatment do not occur in a timely manner.
[3,4].

In 1886, Frankel considered pheochromocytoma to be either
a sporadic pathology or part of associated hereditary syndromes,
including Hippel - Lindau Syndrome, Type 1 Neurofibromatosis or
Multiple Endocrine Neoplasia Type 2 (MEN-2A/2B) [5,7].

Pheochromocytoma can potentially secrete catecholamines,
such as adrenaline, norepinephrine and dopamine, which, in turn,
induce paroxysmal headache, palpitations and arterial hyperten-
sion; and even diaphoresis and tachycardia. Nevertheless, only
30%–40% of patients will clinically manifest any of these symptoms;
furthermore, between 5 and 55% of patients will continue to have
normal blood pressure [2,5,6].

The literature describes patients whose arterial hypertension
was associated with pregnancy and dilated cardiomyopathy, sec-
ondary to production of catecholamines. In other catecholamine-
related cases, hypertensive encephalopathy, strokes or neurogenic
pulmonary edema resulted, thus leading to sudden death and heart
failure [8,12,13].

Some patients with pheochromocytoma may  be asymptomatic,
and it is not until incidental findings in diagnostic images suggest
the presence of such tumors. Precise identification of adrenal inci-
dentalomas occurs in only 0.8–5% of cases; although diagnostic
images can detect adrenal masses, differential diagnoses such as
adrenocortical carcinoma can ensue. Thanks to widespread use of
Computerized Tomography, reported incidence of adrenal inciden-
talomas and pheochromocytomas has improved [6,15].

Given their low incidence, indeed, many physicians have never
seen a patient with this pathology, pheochromocytomas are dif-
ficult to diagnose, especially in cases of non-specific clinical
symptomatology. Likewise, many are under-diagnosed, or diag-
nosed post-mortem. Therefore, it is important to suspect this
pathology as a differential diagnosis in patients who conform to
the abovementioned clinicalprofile [2,8].

In addition to the harm caused by pheochromocytoma secretion
of different types of catecholamines, the tumor can also trig-
ger a hyperglycemic crisis, resulting in altered insulin secretion
as well as greater insulin resistance. This syndrome contributes
to misdiagnosis with diabetes mellitus and diabetic ketoacidosis
[14].
of tumors include clinical suspicion based on unaccountable vari-
ations in blood pressure, excessive catecholamine levels and
hypertensive crises under stimuli such as exercise or anesthesia,
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oupled with cardiovascular risks and complications that compro-
ise patient’s life [1,2,9].

According to Guerrero et al., a direct relationship exists between
umor size and catecholamine production, a factor that bears
o relation to clinical manifestations. Other studies have also
escribed “clinically silent” pheochromocytoma, typified by ele-
ated hormonal changes, unaccompanied by subsequent clinical
igns. Furthermore, most giant pheochromocytomas will not pro-
uce the classic symptoms as described above [3,4,11].

The identification of catecholamine synthesis and secretion
s one of the most important steps in diagnosing this type
f tumor. However, catecholamine release may  be minimal;
hereas, constant metabolite release, for instance, metanephrine

nd normetanephrine, is common [1].
Plasma and urinary levels of catecholamine metabolites

metanephrine and normetanephrine) have shown high sensitivity
nd diagnostic specificity. It is important to take into account false
ositives, especially in patients undergoing dialysis or in those who
ave suffered sudden cardiovascular events. Likewise, the use of
ecreational drugs, such as cocaine or amphetamines, may  produce
imilar symptoms [1,2,10].

Several studies have shown that amphetamine measurement
n urine or plasma provides an excellent diagnostic tool, with
lasma measurement demonstrating greater sensitivity and speci-
city [10].

Therefore, proper pheochromocytoma diagnosis depends upon
orrelating information from patientś medical history from
heir clinical signs and symptoms and from their paraclinical
nd biochemical test results. It is important to keep in mind
hat in asymptomatic patients, even the lowest elevation of

etanephrines in urine during a 24 -h period reflects cate-
holamine secretion suggestive of pheochromocytoma [16].

Testing for differentiation between catecholamine production
ue to autonomous nervous system activation and that due to
umor secretion most commonly employs the Clonidine Suppres-
ion Test. This test possesses high positive predictive value while
llowing for the fact that a normal result does not exclude the
resence of a pheochromocytoma. Depending on the pattern of cat-
cholamine secretion, a pheochromocytoma can be sub-classified
s noradrenergic, adrenergic or dopaminergic [8,10].

Precise tumor location, detailed biochemical studies and diag-
ostic imaging form the basis of successful pheochromocytoma
iagnosis and treatment. Needless to say, accurately locating the
umor will determine any future surgical approach; and from a
urely functional standpoint, it is requisite in evaluating possible
etastasis [2].

Accurately locating a tumor relies upon Computerized Tomog-
aphy (the study of diagnostic images produced by Magnetic
esonance Imaging), which is usually called for in specific cases
f children, pregnant women or patients with suspected heredi-
ary pathologies. Since there are various types of diagnostic images,
n the case of the pathology under discussion MRI  contributes not
nly to diagnosis but also to the evaluation of various scenarios for
reatment and subsequent follow-up [8,17].

Surgery continues to be overwhelmingly preferred for
heochromocytoma treatment; despite the fact that the combined

ntra-and post-operative resultant mortality rate is a remarkably
igh 50%. Although complete resection of these tumors remains
he only cure, potential cardiovascular risks such as hypertension
rises or arrhythmias can occur when catecholamines are released
uring surgery [18,19].

Surgical pheochromocytoma resection can be a high-risk, life-

hreatening procedure that generating lethal hypertensive crises
ue to peripheral vasoconstriction and decreased intravascular
olume. Complete preoperative management should anticipate
omplications that could arise from intravascular instability and
PEN  ACCESS
gery Case Reports 71 (2020) 353–359 357

fluctuating blood pressure, secondary to the handling of the intra-
operative tumor. Therefore, it is essential that pheochromocytoma
treatment be based upon a multidisciplinary medical approach
that combines anesthesiology, internal medicine, cardiology and
surgery [10,20].

Therefore, it is essential to stabilize patientś blood pressure with
an adrenergic alpha medication, such as prazosin, 1–2 weeks prior
to surgery; and simultaneously, to be on the alert for any side
effects, including orthostatic hypotension. Despite pharmacolog-
ical management, due to release of catecholamines, hemodynamic
instability is frequent during intra-operative tumor manipulation
[10,21].

Since Gagner performed the first unilateral adrenalectomy with
lateral decubitus, minimally invasive surgery for this pathology has
become the gold standard. Nonetheless, only patients with large or
difficult tumors should undergo laparotomy [10,23].

Given the anatomical location of the suprarenal glands, the
upper retroperitoneal space, surgical approaches are broad, includ-
ing transperitoneal, retroperitoneal and transthoracic approaches
[24].

The literature describes four different laparoscopic adrenalec-
tomy approaches: lateral or anterior transperitoneal; and lateral
or posterior retroperitoneal. Lateral transperitoneal and retroperi-
toneal approaches are preferred because they are more direct and
offer greater exposition [23].

However, choice of surgical approach depends on other factors,
as well: tumor size and vascularization, signs of malignancy, pres-
ence of local invasion, and surgeon’s experience [6].

Minimally invasive surgery, as opposed to open surgery, entails
many advantages, including less postoperative pain, less hospital-
ization, faster recovery and lower morbidity [25].

Laparoscopic adrenalectomy using either the retroperitoneal or
the transperitoneal approach is the surgical method-of-choice for
suprarenal tumors. Due to the limitations of the surgical area, sur-
geons prefer laparoscopic adrenalectomy to resect adrenal tumors
of less than 7 cm diameter [22,27].

Despite breakthroughs in surgical methods and perioperative
management, minimally invasive pheochromocytoma resection
continues to be hazardous; mainly due to the contiguous risk of
intraoperative hemodynamic instability. And, although many case
reports may  confirm the efficacy and safety of laparoscopic surgery;
the debate goes on over whether or not it is appropriate for large
tumors [26].

Indeed, most cases in the literature report on tumors that mea-
sure less than 10 cms  where surgical choice, even for tumors under
6 cm,  is also laparoscopic surgery. Furthermore, regardless of tumor
size, laparoscopic resection is usually preferred when tumor mass
is in close contact with the renal vein or inferior vena cava [27].

However, open surgery prevails if tumor malignancy is sus-
pected, when tumor size surpasses 8 cms  or where hypersecretion
of multiple steroid hormones or clinical feminization characteris-
tics are present [24].

In a retrospective study that evaluates the feasibility of laparo-
scopic adrenalectomy using the lateral retroperitoneal approach for
pheochromocytoma greater than 6 cms, Chung HS, et al., showed
this surgical technique to be a good option, regardless of tumor size,
with adequate perioperative hemodynamic control, thus recon-
firming preference for the laparoscopic approach in resecting large
tumors [26].

Currently, use of the transperitoneal approach to treat lesions
that measure more than 6 cms  remains open to debate. This surgi-
cal method is widely accepted for treating small tumors, thanks to

its resection and dissection capacity that offers a clear, although
reduced, intraoperative visual field: whereas, open surgery still
prevails as the first-line surgical approach for total resection of
larger tumors [13,28,29].
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In a retrospective cohort study comparing open adrenalec-
omy with transperitoneal laparoscopic adrenalectomy, Bai S, et al.,
videnced lower incidence of both intraoperative hemodynamic
nstability and prolonged postop hypertension, greater recovery
f postoperative ileus and lower cardiovascular morbidity among

aparoscopic surgery patients whose tumors measured between 6
nd 12 cms  [29].

Likewise, Conzo G, et al., compared the transperitoneal approach
o the retroperitoneal approach. They concluded that the former

ethod offers more advantages, including direct access to the
uprarenal gland and the suprarenal vein, which thereby eliminates
he need to pass through the peritoneal cavity and move adjacent
ntra-abdominal organs [28].

However, to date, insufficient comparative studies exist that
ddress the issue of which technique or standard method should
e used to approach minimally invasive surgery for large tumors.
urthermore, profiling pheochromocytoma surgical treatment
equires specific data because, as opposed to other tumors, a
heochromocytoma secretes excessive catecholamines, accompa-
ied by high vascularization and possible adherence to adjacent
rgans, thus resulting in greater intra and post-operative compli-
ations, especially when tumor size surpasses 6 cms  [29].

The gold standard for surgical approach in resection of large
ize pheochromocytomas has yet to be set; as numerous authors
ecommend a certain tumor size limit for laparoscopic approaches
hen treating pheochromocytomas.

Meanwhile, individual surgeons, who depend upon their unique
ackgrounds and individual learning curves, will continue to
hoose, on a case-by-case basis, the most effective and safest
pproaches for surgical treatment.

The advantages of minimally invasive adrenalectomy over open
urgery include less postoperative pain; reduced hospitalization;
ecreased intraoperative hemodynamic instability, due to tumor
anipulation, and lower cardiovascular morbidity, factors all of
hich mean that this method could become the most widely pre-

erred for resecting large size pheochromocytomas.
Although pheochromocytoma is a rare pathology, specialists

orldwide recognize it merits its own, specific diagnostic and ther-
peutic approaches; however, this tumor remains widely unknown
n Colombia, where, furthermore, laparoscopic transperitoneal
drenalectomy for large size pheochromocytomas is extremely
ncommon.

The purpose of this paper is to show how, despite the lack of
esources and surgical experience in our country, it is possible to
erform this type of minimally invasive surgery. We  hope we have
otivated surgeons, who face numerous obstacles, to recognize

hat professional and academic growth is best achieved by is shar-
ng our knowledge that, in turn, will lead to better patient treatment
n our local setting.

To date, no case description on this type of surgical procedure
s available in Colombia. Similarly, in most developing countries,

hich face the same limitations as Colombia does, it is scarcely
entioned. Hopefully, sharing our clinical and surgical experi-

nce in dealing with laparoscopic transperitoneal adrenalectomy
n large size tumors can contribute to future comparative stud-
es. We  are working towards consensus on a standard surgical
pproach for large pheochromocytomas that will take into account
urgeornsĺearning curves, especially of those in developing coun-
ries, including Colombia, where medical centers often lack the
equisite surgical tools and experience of to treat this rare pathol-
gy.
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