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Abstract

Objective: Reviewing the 16-year experience of pheochromocytoma in a
tertiary referral center. Material and Methods: The demographics data
and the results of clinical, biochemical, and radiological evaluations of 67
patients who received a diagnosis of pheochromocytoma between the
years 2004 and 2020 were obtained retrospectively. Results: The mean
age (+SD) of the patients at the time of diagnosis was 46 years (+16.1)
with a slight female predominance. The percentage of patients diagnosed
due to complaints was 50.8%, while 31.2% were diagnosed during the ad-
renal incidentaloma screening, and 18% were diagnosed during screening
for hereditary conditions. Pre-existing hypertension was detected in 56.7%
of the patients, while 11.9% of the patients were diagnosed to have hyper-
tension at the time of diagnosis. Paroxysmal pattern was observed in
53.7% of the patients and was accompanied by the classical triad of pal-
pitation (32.8%), headache (20.9%), and sweating (14.9%) as the lea-
ding symptoms. Median tumor size was 40 mm (range: 9-90 mm) and the
lesion size correlated significantly (p<0.001) with the urinary catechola-
mine metabolite levels. The overall rate of hemodynamic instability in both
perioperative and postoperative periods was 6%. Hereditary syndromes,
including multiple endocrine neoplasia type 2A (MEN 2A), MEN 2B, von
Hippel-Lindau (VHL), and neurofibromatosis type 1 (NF1), were diagnosed
in 24% of these patients. Hereditary pheochromocytomas were diagnosed
at younger ages, and bilateral lesions were more prevalent in hereditary
pheochromocytomas (p=0.003 and p<0.001, respectively). In addition,
patients with hereditary pheochromocytomas were more asymptomatic
rather than sporadic (p=0.016). Metastasis was detected in 3% of these
patients. Conclusion: Pheochromocytoma is a rare, life-threatening con-
dition, and therefore, it is important to suspect and test for pheochro-
mocytoma in patients with clinical suspicion. In addition, hereditary
syndromes associated with pheochromocytomas should be considered
while evaluating patients with pheochromocytoma. A life-long annual fol-
low-up is recommended for the detection of recurrent or metastatic di-
sease, and its evaluation, treatment, and follow-up should involve a
multidisciplinary approach in experienced centers.
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Ozet

Amag: Ugiincii basamak bir (iniversite hastanesinde, 16 yillik feokromasitoma
deneyiminin gdzden gegiriimesi. Gereg ve Yontemler: Bu arastirma, 2004~
2020 yillart arasinda feokromasitoma tanisi almig 67 hastanin degerlendirildigi
retrospektif bir galisma olup, hastalarin demografik 6zellikleri ve klinik, biyo-
kimyasal ve radyolojik degerlendirmelerine iliskin sonuglar aragtiriimistir. Bul-
gular: Arastirmada, feokromositoma tanisi konulan hastalarin yas ortalamasi
46 (£16,1), kadin/erkek orani 1,2, feokromositoma ile iligkili yakinmalarla bas-
vurup, bu taninin konuldugu hasta orani ise %50,8'dir. Hastalara konulan ta-
nilarin %31,2'si rastlantisal adrenal kitle arastiriimasi sirasinda, %18'i ise
genetik gegisli sendromlar arastirilirken gergeklestirilmistir. Hastalarin
%>56,7'sinde tanidan 6nce de hipertansiyonun bilindigi, %11.9'unda ise hiper-
tansiyonun tani sirasinda belirlendigi gérilmustir. Hastalarin %53.7'sinde tan-
siyon yuksekliginin ataklar halinde ortaya giktigi saptanmistir. Hastalarda
ataklara en sik eslik eden belirtilerin carpinti (%32,8), bas agrisi (%20,9) ve
terleme (%14,9) oldugu dikkati cekmektedir. Aragtirmada, ortanca tiimér bo-
yutu 40 mm (9-90) saptanmis ve timor boyutu ile idrar katekolamin metabo-
lit dizeyleri arasinda anlaml korelasyon saptanmistir (p<0,001). Cerrahi
uygulanan hastalarda operasyon sirasinda ve sonrasindaki takiplerde hemodi-
namik dengesizlik gorilme sikligi %6 olarak bulunmustur. Hastalarin %24'tine
genetik gegisli sendromlar eslik etmekte olup, bu sendromlar arasinda multipl
endokrin neoplazi tip 2A (MEN 2A), MEN 2B, von Hippel-Lindau (VHL) ve n6-
rofibromatozis tip 1 (NF1) yer almaktadir. Ote yandan, kalitsal feokromosito-
mali hastalarin daha erken yaslarda tani aldiklari ve bu hastalarda adrenal
lezyonlarin iki tarafli olma egilimi gosterdikleri belirlenmistir (p=0,003 ve
p<0,001). Ayrica, kalitsal feokromositomali hastalarin, sporadik vakalara gore
bulgu vermeden tani aldiklar gorilmustir (p=0,016). Calismamizda, feokro-
mositoma tanili hastalarda metastaz oraninin %3 oldugu saptanmigtir. Sonug:
Feokromositoma, ender gérilmesine karsin yasami tehdit edebilen bir durum-
dur. Bu nedenle, klinik agidan kusku duyulan hastalarda feokromasitoma tani-
sini akla getirmek ve hastalar bu agidan irdelemek biyiik nem tagimaktadir.
Ayrica bu taninin konuldugu hastalarda altta yatan genetik sendromlarin da
olabilecegdi 6zellikle dikkate alinmalidir. Hastalarin émiir boyu yillik olarak takip
edilmesi, niiks ve metastaz belirlemesi agisindan ayri bir 6nem tasimaktadir.
Ote yandan, bu hastalikla ilgili olarak dederlendirme, tedavi ve takip calisma-
larinin, multidisipliner bir yaklagimla deneyimli merkezlerde yapilmasina ayr bir
ozen gosterilmelidir.

Anahtar kelimeler: Kalitsal feokromasitoma;
sporadik feokromasitoma; paroksismal hipertansiyon;
multipl endokrin neoplazi tip 2;
von Hippel-Lindau hastaligi
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Pheochromocytomas are rare tumors arising
from the adrenomedullary chromaffin cells
that originate from the neural crest (1). The
reported annual incidence of pheochromo-
cytomas is 2%-9.1% per million adults (2).
Pheochromocytomas may either be sporadic
or a component of hereditary syndromes
such as multiple endocrine neoplasia type
2A and 2B (MEN 2A and MEN 2B), von Hip-
pel-Lindau disease (VHL), and neurofibro-
matosis type 1 (NF-1); it may also be
associated with the succinate dehydroge-
nase (SDHx) mutations (3,4). Sporadic
pheochromocytomas are more common in
the 3™ to 5% decades of life, while hereditary
pheochromocytomas tend to occur at
younger ages (3,5). The prevalence of
pheochromocytomas in patients with hyper-
tension is 0.1%-0.6%, and the incidence of
pheochromocytomas in patients with adre-
nal incidentalomas is 5% (6-9).

Plasma free metanephrine or urinary frac-
tioned metanephrine measurement is rec-
ommended to the patients for diagnosis in
case of pheochromocytoma suspicion (10).
The patients with biochemical evidence of
pheochromocytoma should be subjected to
computer tomography (CT) or magnetic res-
onance imaging (MRI) for localization (10).
The nuclear imaging methods are useful for
the functional evaluation and detection of
metastatic disease. Laparoscopic adrenalec-
tomy is suggested to most of the patients
with adrenal pheochromocytomas after
achieving adequate alpha blockage (2,10).
Despite the availability of multiple histolog-
ical algorithms for the prediction of the bio-
logical behavior and malignant potential of
pheochromocytomas, no gold standard
grading system exists to date. Even now,
malignancy is being diagnosed through the
detection of local invasion of the surround-
ing tissues and organs or distant metastases
(11). Since all kinds of pheochromocytomas
have a potential for malignancy, life-long an-
nual biochemical evaluation is recom-
mended for the detection of recurrent or
metastatic disease in the patients (10).
The present retrospective study was aimed
to present our experiences related to
pheochromocytomas in 16 years of practice.
The patients diagnosed with pheochromocy-
toma were investigated and the concomi-

tance with genetic syndromes, their symp-
toms, signs, and biochemical characteristics
was evaluated at the time of application as
well as during follow-up. In addition, the
treatment methods applied, the success
rates of the applied treatment, and the re-
currence rates in the patients were studied.

A total of 67 patients diagnosed with
pheochromocytoma between January 2004
and July 2020 were included in the present
study. Data regarding the demographic
properties (age and gender), clinical history
(presentation, medical history, complica-
tions, and family history), laboratory tests
(24-hour urinary metanephrines and
normetanephrines or plasma fractionated
metanephrines and normetanephrines), im-
aging studies, surgical approaches, and
pathological reports were obtained using
paper charts and electronic records.
Pheochromocytoma was diagnosed by
measuring the 24-hour urine metabolites of
catecholamines and searching for the detec-
tion of adrenal lesions in CT or MRI in the
suspected patients. The 24-hour urine
metanephrines and normetanephrines were
measured using high-performance liquid
chromatography (HPLC). CT without con-
trast and contrast-enhanced MRI were used
as the primary imaging modalities. Lesion
size was measured considering the largest
dimension, and in bilateral cases, the size of
the largest side was considered. In selected
patients, nuclear imaging methods such as
MIBG or PET CT were used. The patients
with typical clinical signs and symptoms of
pheochromocytoma, the patients with a his-
tory or a family history of genetic syn-
dromes associated with pheochromocytoma,
and those with adrenal incidentalomas were
investigated for pheochromocytoma. Ge-
netic tests were performed for the patients.
Pheochromocytoma in the patients with
negative genetic mutations and the patients
with no suspicion of genetic syndromes and
no available genetic test results were de-
fined as sporadic. Laparoscopic adrenalec-
tomy or adrenalectomy with open surgery
was performed as the primary treatment ap-
proach, while other treatment options were
considered in case of recurrent or metasta-
tic disease. An 81-year-old female patient
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who was clinically, biochemically, and radio-
logically diagnosed with pheochromocytoma
refused to undergo surgery and is being fol-
lowed-up with antihypertensive therapy, in-
cluding the alpha blockers. The pathological
specimens were examined by the experts in
this field. All patients received at least 21
days of alpha blockage therapy (doxazosin),
and a few patients received beta blockage
after adequate alpha blockage therapy pre-
operatively. Beta blockage therapy was pro-
vided additionally in cases of persistent
tachycardia, tachyarrhythmias, and persist-
ent hypertension, despite adequate alpha
blockage. Adequate fluid and salt intake
were recommended to all patients during
the preoperative period.

The study followed the ethical standards and
adhered to the study protocol according to
the international agreements (Helsinki Dec-
laration revised in 2013). The study was ap-
proved by the Clinical Research Ethical
Committee of Dokuz Eylal University on
21.10.2019; 2019/26-32.

Statistical analyses were performed using
IBM SPSS for Mac Version 20 (IBM Corp. Re-
leased 2011, Armonk, NY). Numeric vari-
ables were expressed either as mean £SD
or as median (minimum-maximum) based
on their distribution features. Categorical
variables were evaluated with cross-table
analysis and expressed numerically as a
percentage. Mann-Whitney U test was used
for pairwise comparison of the data that was

Parameter (reference range)

Age (y)

Gender (F/M)

Weight (kg)

BMI (kg/m?)

Urinary Metanephrines (52-341ug/24 h)
Urinary Normetanephrines (88-444 ug/24 h)
Size (mm)

Localization (Left/Right/Bilateral)

BMI: Body mass index; F: Female; M: Male; y: years.

not normally distributed, while Student’s t-
test was used for the pairwise comparison
of normally distributed data. Spearman’s
correlation analysis was performed. p<0.05
was considered statistically significant.

The present retrospective study included 67
patients with an initial diagnosis of
pheochromocytoma, among which 66 pa-
tients had undergone one or more adrenal
surgeries. The mean age (£SD) of the pa-
tients at the time of diagnosis of pheochro-
mocytoma was 46 years (£16.1), and the
female to male ratio was 1.2. The urinary
catecholamine metabolite levels, biochemi-
cal parameters, and lesion characteristics in
the patients are summarized in Table 1.
The median urinary metanephrine level was
633.9 ug/24 h (range: 28-18642), and the
median urinary normetanephrine level was
1001 ug/24 h (range: 37.9-10071). Among
the 50 patients with available urinary cate-
cholamine levels, 18 patients (36%) exhib-
ited predominantly increased urinary
normetanephrine levels, ten patients (20%)
had predominantly increased urinary
metanephrine levels, 14 (28%) exhibited an
increase in both urinary metanephrine and
normetanephrine levels, and eight patients
(16%) had normal levels. These urinary cat-
echolamine metabolite levels correlated pos-
itively with the tumor size (p<0.001).

Value

46 (+£16.1)

37/30 (55.2%/44.8%)

67.8 (£12.8)

25.2 (£6.3)

633.9 (28.2-18642)

1001 (37.9-10071)

40 (9-90)

23/34/10 (34.3%/50.7%/14.9%)

Mean values (£SD) are provided for equally distributed variables while median (minimum-maximum) values are provided for une-
qually distributed variables. Nominal parameters are provided as number (percentage).
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In all patients, CT and/or MRI were used for
diagnosis, while MIBG and PET CT were used
additionally for the lesions that required fur-
ther characterization (29.9% and 9%, re-
spectively). Imaging analysis of the patients
revealed lesions other than adenomas that
were suspects for pheochromocytomas. The
median size of the adrenal lesions was 40
mm (range: 9-90 mm), with 57 patients
(85.1%) having unilateral adrenal lesion and
ten patients (14.9%) having bilateral
pheochromocytoma (Table 1).

Among the 61 patients whose presentation
details could be obtained, pheochromocy-
toma diagnosis was provided on the basis of
the clinical signs and symptoms in 31 pa-
tients (50.8%), while diagnosed during adre-

Detection history

Investigation due to symptoms and signs
Incidentaloma screening

Screening due to family history of MEN

Screening due to diagnosis of MTC

Investigating due to history of NF1

Screening due to family history of VHL

Screening due to family history of pheochromocytoma
Accompanying diseases and symptoms

Existing hypertension

Preeclampsia/abortus

Hypertensive retinopathy

Hypertension diagnosed at the time of diagnosis
Paroxysmal pattern

Asymptomatic

Type 2 diabetes

Impaired fasting glucose and/or impaired glucose tolerance

Cardiovascular disease (angina, PTCA, MI, medical treatment)

Cardiomyopathy
Palpitation
Headache
Sweating
Weight loss
Pallor
Flushing
Fainting
Vomiting
Nervousness
Anxiety
Hematemesis
Chest pain

nal incidentaloma evaluation happened in 19
patients (31.2%). The remaining 11 patients
(18%) were investigated either due to fam-
ily histories of MEN, medullary thyroid can-
cer, VHL, and pheochromocytoma or due to
their personal histories of familial syndromes
or the diagnosis of diseases associated with
the familial syndromes such as MTC (Table
2). Among these, eight patients had a family
history of pheochromocytoma (7 had MEN2A
and 1 had VHL), one patient had a family his-
tory of paraganglioma (her genetic analysis
is non-applicable), and one patient with a
family history of adrenal surgery died in a
cerebrovascular event (his genetic analysis
for hereditary syndromes was negative).

Hypertension pre-existed in 38 patients
(56.7%), while eight patients (11.9%) re-
ceived a diagnosis of hypertension at the

Number of patients (%)
31 (50.8%)
19 (31.2%)
4 (6.6%)
3 (4.9%)
2 (3.3%)
1 (1.6%)
1 (1.6%)

38 (56.7%)
2 (3%)
2 (3%)
8 (11.9%)
36 (53.7%)
17 (25.4%)
15 (22.4%)
5 (7.5%)
12 (17.9%)
2 (3%)
22 (32.8%)
14 (20.9%)
10 (14.9%)
4 (6%)
4 (6%)
4 (6%)
3 (4.5%)
2 (3%)
1 (1.5%)
1 (1.5%)
1 (1.5%)
1 (1.5%)

MEN: Multiple endocrine neoplasia; MTC: Medullary thyroid cancer; NF1: Neurofibromatosis type 1; VHL: von Hippel-Lindau; PTCA:
Percutaneous transluminal coronary angioplasty; MI: Myocardial infarction.
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time of pheochromocytoma diagnosis. A
paroxysmal pattern was observed in 36
patients (53.7%). The most common symp-
toms accompanying paroxysmal hyperten-
sion were palpitation, headache, and
sweating. Detailed information regarding
the symptoms at the initial presentation is
summarized in Table 2. The accompanying
malignancies in the patients with sporadic
pheochromocytoma were papillary thyroid
cancer in one patient and breast cancer in
one patient at the time of diagnosis. Two pa-
tients were diagnosed with malignancies
during follow-up (bladder cancer in one pa-
tient; papillary thyroid cancer and basal cell
carcinoma in one patient).

In eight patients (11.9%), low-dose dexam-
ethasone suppression test (DST) was unable
to suppress cortisol (>1.8 mcg/dL), while
three patients with cortisol levels higher
than 5 mcg/dL after 1 mg DST received
steroid coverage during the surgery as well
as for a short time after the surgery. We
have previously reported a patient’s case
with the diagnosis of CRH producing
pheochromocytoma (12). Postoperative

Operation features

Type of surgery Laparoscopic/Open surgery*
Perioperative/Postoperative hemodynamic instability**
Pathological diagnosis (n=66)

Pheochromocytoma

Composite pheochromocytoma (+ganglioneuroma)
Adrenal medullary hyperplasia

Necrosis

PASS score***

PASS <4

PASS >4

Outcome

Median follow-up (y)

Remission

Missed follow-ups

Metastatic disease

Recent operation

Deceased

Being followed-up without surgery

PASS: Pheochromocytoma of the Adrenal gland Scaled Score.
*n=56; **n=50; ***n=35.

ACTH levels and cortisol values after DST
were normalized in these three patients.

All patients had successful surgery and were
discharged from the hospital. Among these
patients, one patient experienced intraoper-
ative hypertension approaching 200 mmHg
systolic pressure, and another experienced
severe hypotension in the postoperative pe-
riod; both were treated successfully. More-
over, one patient was readmitted to the
endocrinology clinic on postoperative Day 7
with a complaint of hypotension and a his-
tory of syncope. Her blood pressure was
70/40 mmHg. She was hospitalized, treated
with intravenous isotonic fluid and increased
oral salt intake, and discharged from the
hospital after three days. Adrenal insuffi-
ciency was excluded, and she did not report
any complaints afterward.

Ten patients had bilateral adrenalectomy, ei-
ther in one session or in separate surgeries
during follow-up. Nine patients had genetic
syndromes associated with pheochromocy-
tomas, while the genetic test results of one
patient (with a family history of paragan-
glioma) were non-applicable (Table 3). Two

45/11 (80.4%/19.6%)
4 (6%)
Number of patients (%)
60 (91%)

3 (4.5%)

2 (3%)

1 (1.5%)

4 (0-17)

15 (42.9%)

20 (57.1%)

3 (0.3-14)
47 (71.2%)
15 (22.7%)
2 (3%)
2 (3%)
1 (1.5%)
1 (1.5%)
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patients with unilateral pheochromocytoma
had non-functional stable, benign adrenal
lesions on the contralateral adrenal gland.

Pathological diagnoses of the patients are
summarized in Table 3. Among the patients
who underwent surgery, 60 patients had
pheochromocytoma, three patients had
composite pheochromocytoma (+gan-
glioneuroma), two patients had medullary
hyperplasia, and one patient had necrosis.
The median PASS score of the patients was
4 (range: 0-17). Laparoscopic surgery was
preferred over open surgery (Table 3).

Our median follow-up time after the surger-
ies performed in our hospital was three
years (range: 0.3-14). The follow-up char-
acteristics of the patients are summarized in
Table 3. The detailed information regarding
the hereditary syndromes of the patients
and their families, along with the outcomes,
is provided in Table 4. Forty-seven patients
are being followed-up in remission, while 15
patients missed their follow-ups. Among the
two patients with metastatic disease, one
patient had MEN2A, and the metastasis was
detected one year after the surgery (Table
4, MEN2A, Family 2, patient 1). She had
multiple metastatic lesions in the lung, liver,
and bone, as well as retroperitoneal im-
plants and local recurrence. She is currently
being followed-up by the medical oncology
and nuclear medicine teams. The other pa-
tient with metastatic pheochromocytoma
had no family history or diagnosis of a
hereditary syndrome. He was diagnosed
with lytic bone metastasis four years after
the surgery with no local recurrence and is
currently receiving chemotherapy. One pa-
tient with the diagnosis of MEN2A died one
year after bilateral adrenalectomy due to se-
vere upper respiratory infection and adrenal
insufficiency despite receiving adequate
steroid replacement therapy and warnings
regarding stress conditions (Table 4, MEN2A,
Family 5, patient 1).

Sixteen of the patients had accompanying
hereditary syndromes, including MEN2A,

MEN2B, VHL, and NF1. None of our patients
had SDHx mutations. Among the 67 patients
included in the present study, ten patients
had MEN2A (14.9%), one patient had MEN2B
(1.5%), three patients had VHL (4.5%), and
two patients had NF1 (3%). The genetic
analysis of one patient with possible heredi-
tary syndromes was non-applicable; she was,
therefore, excluded from the comparative
analyses. The mean age of the patients with
hereditary syndromes at the time of diagno-
sis (36%x11.3 years) was significantly less
(p=0.003) than the mean age of those with
sporadic pheochromocytomas (49.4+16.3
years). The patients with sporadic pheochro-
mocytomas tended to be more asymptomatic
(p=0.016) rather than sporadic. Hereditary
pheochromocytomas tended to be bilateral
(p<0.001) (Table 5). Although statistically in-
significant (p=0.064), the median lesion size
of sporadic pheochromocytomas was ob-
served to be larger than that of hereditary
pheochromocytomas (Table 5).

In the present study, we have comprehen-
sively reviewed our experience in the diag-
nosis, treatment, and follow-up of
pheochromocytomas in a tertiary center
during the period between 2004 and 2020.
Our results concerning the initial presenta-
tions of the patients are rather different
from those in the literature. Falhammar et
al. (13) reviewed 98 cases in their study, in
which diagnoses of pheochromocytomas
were obtained mostly due to the investiga-
tion for incidentalomas (64%), followed by
clinical suspicion of pheochromocytoma
(32%) and screening for a family history of
MENZ2A (4%), respectively. In the present
study, most of the patients (50.8%) were di-
agnosed due to suspicious symptoms of
pheochromocytoma, while 31.2% of the pa-
tients were diagnosed during the inciden-
taloma screening. The remaining 18% of the
patients were diagnosed while investigating
for possible hereditary syndromes. This dif-
ference might be due to the use of more ag-
gressive approaches for identifying the
cause of secondary hypertension and the in-
creased awareness of pheochromocytoma
during the past years.

CT and MRI are generally accepted to be
sufficient for the diagnosis of pheochromo-
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Hereditary Sporadic

pheochromocytoma Pheochromocytoma p value
Age (y) 36 (£11.3) 49.4 (£16.3) 0.003
F/M 9/7 27/23 1
Asymptomatic/Symptomatic 8/8 9/41 0.016
Bilateral/Unilateral adrenalectomy 9/7 0/49 p<0.001
Urinary Metanephrines 605 (28-3018) 600.4 (34.8-18642) 0.588
Urinary Normetanephrines 612 (62-2629) 1200 (37.9-10071) 0.117
Lesion size 31.5 (9-70) 40 (18-90) 0.064

F: Female; M: Male; y: Years.

cytomas owing to characteristic appear-
ances and contrast-enhancement profiles
(14). These typical findings were observed
in all our patients who had radiological im-
aging reported to be suspicious for
pheochromocytoma or consistent with the
non-adenoma adrenal lesion. Although
MIBG and PET CT are not recommended for
diagnosis in routine use, they are used for
the evaluation of functionality and metasta-
tic disease, respectively (14). In the present
study, CT and/or MRI were sufficient for di-
agnosis for most of the patients, while nu-
clear imaging methods had to be used
additionally for 37.3% of the patients. In our
study, tumor size was significantly corre-
lated with the urinary catecholamine levels,
similar to other studies, while the median
size of the lesions in our study (40 mm) was
slightly smaller than that reported (49 mm)
in previous studies (13,15). The smaller
tumor size in our study could be attributed
to the relatively higher number of patients
investigated for genetic syndromes.

As the patients with clinical suspicion con-
stituted the dominant portion of clinical
presentation, 56.7% of the patients had
pre-existing hypertension, while 11.9% of
the patients were diagnosed with hyperten-
sion at the time of pheochromocytoma di-
agnosis. Two patients were diagnosed with
pheochromocytoma while being investigated
for preeclampsia and abortus. Hypertension
exhibited a paroxysmal pattern in 53.7% of
the patients. The major accompanying
symptoms of the hypertension episodes
were palpitation, headache, and sweating,

consistent with the classical triad of
pheochromocytoma (16).
Pheochromocytoma incidence during preg-
nancy was <0.2 per 10,000 pregnancies
(17). It is generally stated that the diagno-
sis of pheochromocytoma during pregnan-
cies might go unnoticed due to the rarity of
this disease and because its symptoms gen-
erally mimic the other forms of hypertension
observed during pregnancy, such as
preeclampsia and gestational hypertension
(17). Two of our patients had a history of
abortus and preeclampsia at the time of
presentation. It is important to consider
pheochromocytoma in pregnant women with
hypertension as this disease may cause sig-
nificant morbidity and mortality to both
fetus and mother. Since the screening of all
pregnant women with hypertension is not a
cost-effective approach, it is recommended
to screen the pregnant women with resist-
ant hypertension, those having adrenal
mass, and the ones with classical signs and
symptoms of pheochromocytoma (17).
Despite improvements in preoperative
preparation with alpha blockage (and sub-
sequent beta blockage if required) and ade-
quate fluid intake, both perioperative and
postoperative complications can occur in pa-
tients with pheochromocytoma. Laparo-
scopic surgery is our preferred surgical
approach, and the intraoperative and post-
operative complications observed are low in
our institution. A study concerning 100 pa-
tients with pheochromocytoma reported
27.3% hemodynamic instability in the peri-
operative period (18). The overall rate of he-
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modynamic instability in perioperative and
postoperative periods in our patients was
6%. General anesthesia, along with sympa-
thetic blockage, is the preferred method for
anesthesia. Adequate preoperative prepara-
tion, appropriate anesthesia administration,
laparoscopic approach, and the experienced
team could be the possible reasons for a low
frequency of intraoperative severe hyper-
tension. Tumor manipulation during the re-
section of pheochromocytoma is thought to
be the most probable reason for periopera-
tive hypertension (19). Prolonged hypoten-
sion after tumor removal might be due to
chronically low circulating levels of plasma
volume, an abrupt decrease in the plasma
catecholamine levels, downregulation of
adrenoreceptors, increased blood loss, and
cardiogenic or septic shock (19,20). Larger
tumor size and higher urinary catecholamine
metabolite levels are reported as the pre-
dictors of prolonged hypotension requiring
postoperative catecholamine support (20).

Low dose DST was unable to suppress corti-
sol levels in 11.9% of the patients, while
three patients had cortisol levels higher than
5 mcg/dL after 1 mg DST. Among the latter,
one patient had accompanying obvious
Cushing syndrome and was diagnosed with
ectopic CRH secretion from the pheochro-
mocytoma, as previously reported (12). In
addition, the ACTH levels of the remaining
two patients were not suppressed. Despite
normalization of both ACTH levels and corti-
sol suppression after DST, we were unable
to explain the causality as ACTH, and CRH
staining of the pathology specimens could
not be performed. When considering the pa-
tients with DST values compatible with sub-
clinical Cushing syndrome, there are
possible reasons for such results. First, the
abnormal test results, particularly in pa-
tients with subclinical Cushing, may be in-
terpreted as false-positive results as there
are several common sources of error for
DST's. Acute stress and illness, conditions
elevating the serum corticosteroid-binding
globulin (CBG) levels, and drugs causing
variations in dexamethasone metabolism
through cytochrome 3A4 (CYP3A4) are re-
ported to cause false-positive results (21).
In addition, increased -cortisol secretion
could accompany the pheochromocytomas
via several different mechanisms, one of

which is the increased catecholamine secre-
tion that causes increased cortisol secretion
via activation of aberrant adrenal beta-
adrenergic receptors (22). Furthermore, cy-
tokines such as tumor necrosis factor-alpha,
interleukin-1 (IL-1), and interleukin-6 (IL-6)
are reported to activate the hypothalamic-
pituitary-adrenal (HPA) axis (23). There are
also studies demonstrating cytokine produc-
tion from pheochromocytomas resulting in
increased cortisol production from the adre-
nal cells (24,25). Corticomedullary mixed
tumors causing both pheochromocytoma
and subclinical Cushing syndrome are also
reported (26).

The pathological reports of two patients
stated adrenal medullary hyperplasia, and
three patients stated composite pheochro-
mocytoma, both of which are rare conditions
reported to be associated with hereditary
conditions, although sporadic cases are also
reported (27-31). One of our patients with
adrenal medullary hyperplasia was diag-
nosed with VHL, and the other patient was a
sporadic case with negative genetic test re-
sults. To the best of our knowledge, our pa-
tient is the first one to have been diagnosed
with both VHL and adrenal medullary hyper-
plasia. On the other hand, among the three
patients with composite pheochromocy-
toma, two had hereditary syndromes
(MEN2A and NF1). Medullary hyperplasia is
considered a precursor of pheochromocy-
toma, while composite pheochromocytoma
is clinically and radiologically indistinguish-
able from pheochromocytoma and these
cases are, therefore, recommended to be
managed similar to pheochromocytomas
(32-34).

The risk of pheochromocytoma was reported
to be 50% in MEN2A and MEN2B, 10-20%
in VHL, and 1-3% in NF-1 (35,36). Although
pheochromocytomas in NF-1 are generally
benign and unilateral, bilateral, recurrent, or
malignant pheochromocytomas may also be
detected (36). Our patients with NF-1 had
unilateral lesions and are being followed-up
regularly after adrenalectomy in remission.
Pheochromocytomas in MEN2 and VHL tend
to be bilateral and generally occur at
younger ages compared to sporadic
pheochromocytomas (37,38). In our study,
most of the patients with bilateral adrenal
lesions had hereditary syndromes. Heredi-
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tary pheochromocytomas in our study
tended to occur at younger ages, and the
adrenal lesions tended to be smaller. The
mean age of our patients with hereditary
syndromes at the time of diagnosis was sig-
nificantly lower than that of the sporadic
cases. Although the median lesion size in
our patients with hereditary syndromes
tended to be smaller than that in the spo-
radic cases, the difference was not statisti-
cally significant. Hereditary pheochromocy-
tomas were more asymptomatic rather than
sporadic. These observations could be at-
tributed to the early detection of the lesions
because of the screening in hereditary syn-
drome-diagnosed families. Pheochromocy-
tomas are generally diagnosed after
medullary thyroid cancer in patients with
MENZ2, as in our study (38). Pheochromocy-
tomas in VHL are generally asymptomatic,
while the pheochromocytomas in MEN are
generally associated with paroxysmal hy-
pertension, which was partially true for our
study as well (38).

The retrospective pattern of our study gen-
erated multiple limitations. Missing data for
certain patients, such as symptom dura-
tions, urinary catecholamine metabolite lev-
els, PASS scores, and types of surgeries,
and the patients missing their follow-ups
were the main limitations. In addition, not
all patients had genetic testing results, and
the lack of routine genetic screening re-
duced the reliability of sporadic cases as the
sporadic case definition was generally based
on no clinical suspicion for a hereditary syn-
drome. In addition, the sample size was rel-
atively small, and the data were obtained
from a single institution.

In conclusion, our study group may be de-
fined as a small cohort of pheochromocy-
toma as it represents the general features
and the accompanying hereditary syn-
dromes of the disease. Pheochromocytoma
should be suspected in the hypertensive
patients with resistant hypertension, hy-
pertension with a paroxysmal pattern, or
secondary hypertension. In addition, as
generally observed in hereditary syndrome
cases, investigating the patients diagnosed

with pheochromocytoma for possible
hereditary diseases and screening for
pheochromocytoma in the patients with
hereditary diseases are important. Owing
to the lesser understanding of the malig-
nant potential of these tumors, life-long
annual follow-up is recommended for the
detection of recurrent or metastatic dis-
ease. Since pheochromocytoma is a rare
condition that could be life-threatening, its
evaluation, treatment, and follow-up
should involve a multidisciplinary approach
in experienced centers.
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