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Female, 42-year-old

Pheochromocytoma multisystem crisis

Back pain and dyspnea

Endocrinology and Metabolic

Rare disease

Multiple endocrine neoplasia type 2A (MEN 2A) is a rare autosomal-dominant genetic syndrome characterized by
mutations in the RET gene and tumors of endocrine glands, including pheochromocytomas. Pheochromocytoma
is a benign primary endocrine tumor of the adrenal glands that produces catecholamines and in rare cases is
complicated by pheochromocytoma multisystem crisis (PMC), a life-threatening endocrine emergency caused
by severe catecholamine overproduction. This report describes a 42-year-old woman presenting with PMC as-
sociated with bilateral pheochromocytomas and MEN2A.

The patient presented with a sudden onset of back pain and dyspnea with severe shock. An enhanced comput-
ed tomography examination revealed bilateral adrenal gland tumors, and she was diagnosed with PMC com-
plicated by multiple organ failure and catecholamine-induced cardiomyopathy. We introduced simultaneous
veno-venous extracorporeal membrane oxygenation and continuous hemodiafiltration. A definitive operation
for PMC was performed on hospital day 12, with the intent of complete resection of bilateral pheochromocy-
tomas. The patient was weaned from continuous hemodiafiltration on hospital day 21st day and was finally
weaned from artificial ventilation on hospital day 30. Genetic examination revealed a pathogenic RET muta-
tion (Cys634Arg, C634R), leading to the diagnosis of MEN2A. She is now undergoing rehabilitation, with inten-
sive surveillance for thyroid medullary carcinoma and hyperparathyroidism.

PMC can easily lead to multiple organ failure within a few days. A multidisciplinary approach to PMC can res-
cue these patients by making surgical pheochromocytoma resection possible. If synchronous bilateral pheo-
chromocytomas are detected, MEN2A should be suspected.

adrenal gland neoplasms ¢ case reports e crisis ¢ endocrinology ¢

multiple endocrine neoplasia type 2a ¢ pheochromocytoma
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Introduction

Pheochromocytomas are relatively rare neuroendocrine tu-
mors that arise from chromaffin cells of the adrenal me-
dulla can secrete high concentrations of catecholamines.
Pheochromocytomas are stratified as idiopathic and hereditary
diseases, with multiple endocrine neoplasia (MEN) syndrome
being the most important hereditary disease. MEN presents
as at least 2 endocrine gland tumors and is categorized into
3 types: MEN1, MEN2A, and MEN2B [1]. MEN2A, the predom-
inant phenotype of MEN2, is caused by germline mutations in
the RET proto-oncogene, which predisposes carriers to an in-
creased risk of developing medullary thyroid cancer, primary
hyperparathyroidism, and pheochromocytoma [2].

Table 1. Laboratory data on arrival.
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Pheochromocytomas usually cause paroxysmal episodes of hy-
pertension, palpitations, headaches, hyperthermia, and sweat-
ing. However, in rare cases, these tumors can also cause pheo-
chromocytoma multisystem crisis (PMC), which is characterized
by excessive, continuous, and uncontrollable catecholamine re-
lease [3,4]. PMC is a highly fatal complication of pheochromo-
cytoma; therefore, a multidisciplinary treatment strategy should
be established immediately for patients with this condition.

PMC caused by synchronous bilateral pheochromocytomas is
extremely rare and potentially fatal. Because PMC can rapidly
progress to life-threatening multiple organ failure due to ex-
cessive catecholamine release, prompt diagnosis and multidis-
ciplinary management are essential for patient survival [5]. This
report describes a 42-year-old woman presenting with PMC
associated with bilateral pheochromocytomas and MEN 2A.

Results Results

Blood chemistry

Complete blood count

Total protein (g/dL) 5.9 White blood cell (/pL) 43800
Abumin @Ay 31 Redblood cell 10%) 5300
Csodium (mmot) 143 Hemoglobin@d) 137
Potassium (mmol) 35 Platelet(iovp) 233
Ccalcum (mg/a) 92 Coagulation studies
Phosphorus (mg/d) 65 Activated partial thromboplastin time (sec) i
Blood urea nitrogen (mg/dl) 301 Prothrombintime se) 168
Creatmme(mg/dL) """"""""""""""""""""" ss """"""'E:gij;&i;té;{b}}{ﬁ}ﬁéi{a{é}r}};ﬁ;;&;r}ié}}é{;ﬁ'z&j}}j{t}s """""""""" s
CUricacd (mgray 123 Fibrinogen (mgrdy 28
 Aspartate aminotransferase (UA) 396 Antithrombin 0 (%) w7
 Alanine aminotransferase (/1) 347 Fibrin degradation product (ug/m) 393
lactate dehydrogenase (U/1) 942 Ddimer@gmy) %3
TotalBilirubin (mg/d) 04 Blood gasamalysis
CAmylasem) 36 pH 718
Creatine kinase (U/) 216 Py, GomH 39

Comelpoienen it e p,Gambg 48

Free thyroxine (ng/dL) 0.62 HCO,™ (mmol/L) -13.0
CCortisol (ug/d) 407 Baseexcess(mmoll) 156
Epinephrine (pg/m) 140353 Glucose (mg/d) 60
Norepinephrine (pg/m) 199899 lactate nmolt) 58
Dopamine (pg/mt) 1809
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Case Report

The patient had been suspected of having unstable angina at
the previous center. A blood test for serum catecholamines
performed at that time revealed serum epinephrine, norepi-
nephrine, and dopamine levels of 4300 pg/mL, 3900 pg/mL,
and 30 pg/mL, respectively, but her high catecholamine lev-
els had not subsequently been followed up. Five years after
the previous diagnosis of unstable angina, she experienced a
sudden onset of back pain and dyspnea and was taken to our
hospital in an ambulance. Vital signs upon arrival in the am-
bulance were as follows: heart rate of 140 bpm, non-invasive
blood pressure of 74/48 mm Hg, and 65% percutaneous oxy-
gen saturation with high-flow oxygen. We started a multidis-
ciplinary approach at the emergency room just after arrival
of the ambulance. An initial workup revealed that severe pul-
monary edema might have induced severe hypoxemia due to
acute cardiac dysfunction, followed by multiple organ dysfunc-
tion. Her results for blood gas analysis, the usual laboratory
data, and her chest X-ray are shown in Table 1 and Figure 1.

Figure 1. Chest X-ray examination on arrival. The chest X-ray An enhanced computed tomography (CT) examination also re-
revealed that severe bilateral infiltrative shadows vealed bilateral adrenal gland tumors, with a 30-mm tumor on
reflecting severe hypoxemia, acute respiratory distress the right side and a 60-mm tumor on the left side (Figure 2).

syndrome, and multiple organ dysfunction. Some fluid collection was evident around the left adrenal gland

Figure 2. Enhanced CT examination on arrival. (A) An enhanced CT examination detected bilateral adrenal gland tumors with 30 mm
of the right side (white arrow*) and 60 mm of the left side in size (white arrow**). The tumor margins showed marked
enhancement, while the interior of the bilateral tumors was low density, reflecting internal necrosis. These CT findings led to
the diagnosis of bilateral pheochromocytomas. (B) Fluid collection was mainly observed around the left adrenal tumor. This
fluid collection was caused by the rupture of the left adrenal tumor due to internal necrosis.
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Figure 3. Intraoperative finding of the left-sided
pheochromocytoma. The left-sided pheochromocytoma
(whit arrow) was enlarged beyond the inferior border
of the pancreas. We successfully performed left
adrenalectomy without combined resection of the
distal pancreas.

tumor and kidney, indicating a rupture of the left adrenal gland
tumor (Figure 2). Severe elevations of serum catecholamines
(Table 1) and CT findings suggested that the bilateral adrenal
tumors were simultaneous pheochromocytomas. Transthoracic
echocardiography also revealed a severe decrease in the left
ventricular ejection fraction (LVEF) to 30% and a left ventric-
ular end-diastolic diameter over 55 mm. Therefore, her acute
heart failure led to the diagnosis of catecholamine-induced
cardiomyopathy (CIC) [6]. From these initial workup studies,
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she was diagnosed with PMC due to bilateral pheochromocy-
tomas. Then, she was immediately moved to the intensive care
unit to perform further specialized treatments.

We simultaneously performed intubation and initiated arti-
ficial ventilation; however, her systemic oxygenation did not
improve, and her circulatory insufficiency due to CIC became
severe. Therefore, we introduced veno-venous extracorporeal
membrane oxygenation (VV-ECMO) to stabilize her systemic
oxygenation and circulation. We were unable to reverse her
metabolic acidosis with our initial treatments, so we simulta-
neously introduced continuous hemodiafiltration (CHDF) us-
ing a polymethyl methacrylate membrane. We then focused
on controlling her tachycardia and catecholamine levels using
phentolamine mesylate, landiolol hydrochloride, and isosorbide
dinitrate. She was removed from VV-ECMO on hospital day 5,
and her LVEF dramatically improved to 52%. We tried to use
conservative treatments to control the PMC caused by the se-
vere hyper-catecholamine condition; however, her organ dys-
functions, such as acute lung and kidney injury, continued. To
make a breakthrough to rescue the patient, definitive surgery
for PMC removal was planned hospital day 12 to complete re-
section of the bilateral pheochromocytomas.

She was placed in a supine position under general anesthesia,
with strict intraoperative blood pressure control. We started
the operation using a midline incision of the upper abdomen.
To resect the left-sided pheochromocytoma, we dissected the
gastrocolic and gastrosplenic ligament and taped the pancreas
because the left-sided pheochromocytoma was enlarged be-
yond the inferior border of the pancreas. We successfully re-
sected the left-sided pheochromocytoma (Figure 3). We then
simultaneously resected the right-sided pheochromocytoma.

Figure 4. Macroscopic findings of the resected specimens. (A) The size of right-side tumor was 70 x 40 mm, and the tumor
had a fibrous capsule. Necrosis was observed in the center of the tumor. Internal necrosis was a typical finding of
pheochromocytoma. (B) The size of left-side tumor was 80 x 65 mm, and the tumor had a fibrous capsule. Necrosis and
intratumoral hemorrhage were observed inside the tumor. Internal necrosis and intratumoral hemorrhage were also typical

findings of bulky pheochromocytoma.
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Figure 5. Histopathological findings of the resected specimens. (A) The tumor was composed of eosinophilic and basophilic cells, and
had a fibrous capsule (HE stain, low-power field). (B) The tumor shows a trabecular or alveolar (Zellballen) architecture, with
nests separated by peripheral capillaries (white arrow). The cells showed pleomorphism, and the cytoplasm showed finely
granular, amphophilic staining with a range from basophilic to acidophilic (HE stain, high-power field). (C) The center part of
the tumor was massively necrotizing (HE stain, high-power field). (D) Tumor cells were strongly positive for chromogranin
A, which is a highly useful marker of neuroendocrine granules. Immunohistochemistry, high-power field). (E) Tumor
cells were also strongly positive for synaptophysin (Immunohistochemistry, high-power field). (F) Ki-67 index was < 1%

(immunohistochemistry, high-power field).

The direct blood pressure decreased below 50 mm Hg imme-
diately after complete division of the drainage veins of both
pheochromocytomas; therefore, we initiated systemic admin-
istration of catecholamines. The operating time was 256 min-
utes, and the intraoperative blood loss was 198 mL. Intensive
therapies were continued after surgery, and the patient was
weaned from CHDF on hospital day 21 and was finally weaned
from artificial ventilation on hospital day.

This work is licensed under Creative Commons Attribution-
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The cut surface of the resected specimens revealed necrotiza-
tion of the inner sides of the bilateral tumors due to their pro-
liferative potential (Figure 4). Histopathological examination
revealed nested tumor cells surrounded by fibrovascular sep-
ta (also termed Zellballen), with central necrosis of the tumor
(Figure 5). Immunohistochemistry staining revealed that the
tumor cells were positive for chromogranin A and synaptophy-
sin and that the Ki-67 index was lower than 1% (Figure 5). The
Pheochromocytoma of the Adrenal Gland Scale Score (PASS)
was 4, and the Grading System for Adrenal Pheochromocytoma
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1000000
Operation 12th day
after submission
100000 =
10000
1000
100
) \
I \'V-ECMO (7 days after admission)
CHDF (21 days after admission)
1 Ventilator (30 days after admission)
Before onset On arrival After operation P°“3§§ r7at|ve P"Sﬁ‘;‘;ﬂ’ itwe Posg;[;ezra{twe Posg;;;ezraStlve
— Epinephrine 4300 140353 23478 1149 5
= Norepinephrine 399 199899 45704 6204 183
— Domapmine 30 4809 2538 264 4
Metaneprine 36400 7960 201 13
—— Normetaneprine 46800 8620 1380 63

Figure 6. Timeline and summary of this case. This timeline shows both the acute-phase treatment course and the levels of
catecholamines and their metabolites until 4 weeks after admission. Catecholamines and their metabolite dramatically
decreased after operation. The patient was weaned from CHDF on hospital day 21 and was finally weaned from artificial

ventilation on hospital day 30.

and Paraganglioma (GAPP) score was 4 [7,8]. Genetic exam-
ination revealed a pathogenic variation of RET (Cys634Arg,
C634R), leading to the diagnosis of MEN2A.

The patient is now undergoing rehabilitation with intensive
surveillance for thyroid medullary carcinoma and hyperpara-
thyroidism. Her clinical course from admission to recovery from
PMC is shown in Figure 6.

Discussion

We successfully treated a patient with PMC induced by bilat-
eral pheochromocytomas due to MEN2A. Bilateral adrenal tu-
mors, severe multiple organ dysfunction and the aberrant lev-
els of serum catecholamine levels promptly led to diagnosis of
PMC. Immediate multidisciplinary approaches, including surgi-
cal resection, contributed to the successful rescue of this pa-
tient. Synchronous bilateral pheochromocytomas are extremely
rare; therefore, MEN2A should be suspected and simultane-
ous multimodal evaluations are required.

Firstly, a unilateral pheochromocytoma often poses diagnos-
tic difficulties, especially in left-side pheochromocytoma, due

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

to several adjacent organs. Enhanced computed tomography
(CT) usually shows a heterogenous enhancement in the ar-
terial phase and central necrosis as typical findings of pheo-
chromocytoma, but there have been some reports of cystic
pheochromocytoma [9]. The overlapping anatomical struc-
tures and cystic lesions should be carefully evaluated, includ-
ing clinical symptoms, when there are adrenal gland tumors.
This case was easily diagnosed based on the presence of bi-
lateral adrenal gland tumors, typical CT findings, and clinical
symptoms such as CIC.

In this case report, we demonstrated that prompt multidisci-
plinary approaches, including definitive resection of bilater-
al pheochromocytomas, can provide feasible and reasonable
treatment for patients with severe PMC. The standard and de-
finitive treatment for pheochromocytoma is generally surgical
resection; however, PMC leads to a potentially lethal condition
that eliminates radical surgery as an option due to uncontrol-
lable endocrinological disorders. The mortality rate for patients
with PMC treated with conservative therapy alone is over 40%;
therefore, the best practice for rescuing a patient with PMC is
the immediate establishment of a multidisciplinary approach
to stabilize the general condition, followed by early surgical
resection of the pheochromocytoma [4,10,11].

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Umemura A. et al:
PMC due to pheochromocytomas
© Am J Case Rep, 2026; 27: €953137

Previous reports have demonstrated that PMC associated
with pheochromocytoma remains highly fatal despite advanc-
es in intensive care management; however, reports describ-
ing PMC caused by bilateral pheochromocytomas in MEN2A
remain limited.

At present, PMC has no comprehensive worldwide diagnostic
criteria, so delays may occur in its diagnosis and initiation of
disease-specific intensive care. In 2023, Ando et al reported the
following novel diagnostic criteria: (1) acute onset, (2) no sur-
gical intervention performed for pheochromocytoma, (3) pheo-
chromocytoma confirmed via examination, and (4) any form of
serious organ dysfunction [4]. The following symptoms are also
considered to be related to PMC: (1) labile hypertension/hypo-
tension, (2) multiple organ failure (organ damage involving at
least 2 organs), (3) fever, and (4) encephalopathy [4]. Because
our case met these diagnostic criteria, we started initial inten-
sive treatments and had a successful outcome.

Our patient had a RET proto-oncogene mutation at codon 634
(Cys634Arg, C634R), which is one of the most common germ-
line mutations associated with MEN2A. Moreover, RET co-
don 634 mutations are strongly associated with a high pene-
trance of pheochromocytoma, bilateral adrenal involvement,
and aggressive endocrine manifestations compared with oth-
er MEN2A-associated RET variants [12]. Previous studies have
demonstrated that patients with RET C634R mutations fre-
quently develop bilateral pheochromocytomas at a young-
er age and often require lifelong surveillance because of the
progressive nature of the disease. In addition, genotype—phe-
notype correlation analyses have shown that RET codon 634
mutations are associated with a substantially increased risk
of pheochromocytoma development in MEN2A. Mucha et al
reported that codon-specific RET mutations significantly influ-
ence the penetrance and clinical presentation of pheochromo-
cytoma, with codon 634 mutations demonstrating particularly
high rates of bilateral disease [13]. In the present case, bilat-
eral pheochromocytomas associated with the RET C634R mu-
tation may have contributed to marked catecholamine excess,
thereby triggering PMC.

Pheochromocytomas accompanying MEN2A are generally be-
nign; however, a few reports have demonstrated the existence
of malignant pheochromocytomas in MEN2A, with an estimat-
ed prevalence of 3% of all tumors investigated [14]. The PASS
and GAPP algorithms are broadly used as histopathological di-
agnostic criteria by the current WHO classification for predict-
ing malignant potential. Stenman et al demonstrated that the
2 most noticeable positive PASS factors (>4) in MEN2A pheo-
chromocytomas were “large nests/diffuse growth” and “high
cellularity” [15]. Conversely, no relapse or metastasis occurred
in their cohort during the follow-up period [15]. This discrep-
ancy may reflect different RET proto-oncogene mutations. This
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mutation expresses a specific hypoxia expression signature,
and this mechanism may affect the histopathological pheno-
type without displaying malignant behaviors [4]. Although the
present case may be low-risk of recurrence in spite of the PASS
and GAPP, strict follow-up is warranted, including surveillance
of thyroid medullary carcinoma.

The onset age of pheochromocytoma is much younger in
patients with MEN2A than in patients with nonsyndromic
pheochromocytoma. The life-threatening nature of MEN2A
usually involves the progression of medullary thyroid can-
cer; however, pheochromocytomas can also be a life-threat-
ening factor in patients with MEN2A if PMC occurs because
of the drastic multiple organ damage that happens within a
few days [16]. Every physician recognizes that the definitive
treatment for PMC is surgical resection as soon as possible.
However, Kakoi et al also reported that surgery on the day
following admission is not always associated with improved
outcomes [10]. Based on these previous insights, critically ill
patients should receive immediate multidisciplinary treatment
for PMC and sequential surgical resection after their gener-
al condition is stabilized.

Because this report describes a single case, it is unclear if there
is a direct causal relationship between the RET C634R muta-
tion and the development of PMC. However, the present case
suggests that MEN2A-associated bilateral pheochromocyto-
mas with high catecholamine activity can contribute to the
fulminant clinical course of PMC.

Conclusions

We successfully treated a patient with PMC induced by bilat-
eral pheochromocytomas due to MEN2A. The onset and pro-
gression of PMC is fulminant, and PMC can easily lead to mul-
tiple organ failure within a few days. Using a multidisciplinary
approach to treat PMC can make surgical pheochromocyto-
ma resection possible and help rescue these patients. If syn-
chronous bilateral pheochromocytomas are detected, MEN2A
should be suspected and comprehensive endocrinological and
genetic evaluations should be promptly performed. Moreover,
patients and their families can subsequently undergo genetic
counseling, along with intensive follow-up for MEN2A.

Institution Where Work Was Done
Iwate Medical University Hospital, Yahaba, Iwate, Japan.
Patient Consent

Written informed consent was obtained from the patient for
the publication of this case report and accompanying images.
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confirm that the images are original with no duplication and
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