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Abstract

Pheochromocytoma associated with pregnancy is not common. Caesarean section may induce pheochromocytoma crisis,
resulting in a lethal condition. The clinical picture of pheochromocytoma crisis is extremely variable. In this report, we describe
a case of severe pheochromocytoma crisis induced by caesarean section presenting with hyperpyrexia, haemodynamic col-
lapse, muscle weakness, heart failure, and acute kidney injury. Furthermore, we report that the muscle weakness was a man-
ifestation of rhabdomyolysis, resulting from the pheochromocytoma crisis. Standard medical therapy failed to halt the
patient’s rapidly deteriorating condition. Continuous renal replacement therapy removed catecholamines from the circulation,
resulting in improvement of haemodynamics and abrogation of rhabdomyolysis.
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Introduction

Pheochromocytoma associated with pregnancy is not
common, without specific symptoms, but life-threatening,
increasing both maternal and fetal mortality up to 50%.1

Caesarean section has been known to induce pheochromo-
cytoma crisis.2 The excess release of catecholamines by the
tumour can induce acute and rapidly progressive haemody-
namic disturbance and a series of clinical conditions such as
malignant hypertension,3 Takotsubo cardiomyopathy,4 and
multi-organ failure. Other rare complications of pheochro-
mocytoma crisis are spontaneous rhabdomyolysis and acute
renal failure.

Early diagnosis of pheochromocytoma crisis, followed by
aggressive management, is required to save the patient’s
life. The definitive therapy for pheochromocytoma is com-
plete surgical resection of the tumour. For patients in

pheochromocytoma crisis, the effects of excessive release
of catecholamines must be counteracted to result in hae-
modynamic stabilization prior to surgery and improve out-
comes.5–8 Administration of α with or without β blockade
is part of the standard of care. However, pheochromocy-
toma crisis often presents as a complicated clinical syn-
drome, and pharmacological intervention may not suffice,
resulting in a rapid deterioration of the patient’s
condition.

In our case, we report a patient with severe pheochromo-
cytoma crisis presenting with hyperpyrexia, haemodynamic
collapse, heart failure, and rhabdomyolysis. Routine medical
therapy was insufficient, and we administered continuous re-
nal replacement therapy (CRRT). Surprisingly, CRRT stabilized
the haemodynamics, improved cardiac output, and cured the
rhabdomyolysis of the patient by means of catecholamine
removal.
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Case report

A 33-year-old pregnant woman, G3P2, at 39weeks of preg-
nancy, without a history of hypertension, was admitted to
the hospital because of vomiting and dyspnoea. The diagno-
sis at the referring hospital was threatened premature labour.
The patient had a caesarean operation before and had few
antenatal tests during this gestation. So, the patient had an
emergency caesarean operation.

On the second day, the patient had hyperpyrexia, dys-
pnoea, convulsion, and muscle weakness. Her temperature
increased to 40.2 °C, her heart rate was 160 beats per minute
in sinus rhythm, and her respiratory rate was 28 times per
minute. The blood pressure of the patient exhibited paroxys-
mal hypertension and hypotension. She demonstrated grade
2 muscle strength in her limbs. Based on the clinical presen-
tation, we suspected that the patient was suffering from
pheochromocytoma crisis and proceeded with an abdominal
computed tomography scan, which revealed bilateral adrenal
gland tumours.

The tumour on the right was 30.28 × 32.81mm in size,
and the left one was 21.20 × 23.41mm (Figure 1A). Blood
analysis showed extremely elevated creatine kinase (CK:
3334U/L, CK-MB: 24U/L), cardiac Troponin I (cTnI:
9.94μg/L), and serum creatinine levels (118μmol/L). Mean-
while, thyroid function was assessed. The serum thyroxine
level was 69.28 nmol/L (reference range: 78.38–
157.4 nmol/L). The concentration of thyroid stimulating hor-
mone was 1.59mIU/L (reference range: 0.34–5.60mIU/L).
The concentration of freeT3 was 2.0 pmol/L (reference
range: 3.8–6.0 pmol/L); the concentration of freeT4 was
12.8 pmol/L (reference range: 7.86–14.41 pmol/L). The elec-
trocardiogram showed sinus tachycardia with ST segment
depression and T wave inversion in leads V1–V6
(Figure 1B). Echocardiography showed global hypokinesis
of left ventricular (LV) wall motion (the LV end-diastolic

diameter was 53mm, and the LV ejection fraction was
25%) and mild mitral valve regurgitation.

On the second and third hospital days, the patient’s condi-
tion was getting worse in spite of continuous infusion of
phentolamine and esmolol, ultimately resulting in altered
mental status, frequent convulsions, and haemodynamic col-
lapse. Her muscle strength was now grade 0. Creatine kinase
levels increased tremendously to over 70 000U/L, while
CK-MB levels increased to 1200U/L. Her fever was not con-
trolled despite the use of powerful antibiotics. Furthermore,
her renal function progressively deteriorated (serum creati-
nine: 225μmol/L) and manifested as oliguria. Laboratory
tests showed a plasma adrenaline level of 5.8 ng/mL (upper
limit of normal is 0.28 ng/mL) and a plasma noradrenaline
level of 32.7 ng/mL (upper limit of normal is 1.7 ng/mL).

Continuous renal replacement therapy was started on the
fifth hospital day. It was surprising that the temperature of
the patient decreased, the heart rate declined, and the
haemodynamics stabilized (Figure 2A). Blood analysis showed
that CK and CK-MB levels rapidly declined to normal (Figure 2B).
Plasma catecholamine concentration also showed a similar
trend (Figure 3A). To confirm the effect of dialysis on plasma
catecholamines, we examined the catecholamine concentra-
tion in the dialysate. Concentrations of adrenaline and
noradrenaline in the dialysate were 11.2 and 1.2 ng/mL,
respectively, confirming the removal of these catecholamines
by dialysis. Following 7days of CRRT, her muscle strength
recovered from grade 0 to grade 5, and her 24-h urine output
also returned to normal. On the 12th hospital day, we performed
a muscle biopsy of the right bicep muscle, which revealed
deranged myofibrils, increased mitochondrial number, and
damaged mitochondria (Figure 4). Echocardiography showed
a recovery in cardiac function with a LV eject fraction of 54.4%
(Figure 3B).

As a result, the patient was rescued from the pheochromo-
cytoma crisis and underwent bilateral adrenalectomy.

Figure 1 Abdominal computed tomography and electrocardiography of the patient with pheochromocytoma crisis. (A) Abdominal computed tomog-
raphy showed bilateral adrenal gland tumours. The tumour on the right was 30.28 × 32.81mm in size, and the left one was 21.20 × 23.41mm. (B) Elec-
trocardiography showed sinus tachycardia with ST segment depression and T wave inversion in leads V1–V6.
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Pathological assessment confirmed the presence of pheo-
chromocytoma with haemorrhagic and necrotic cysts. In-
formed consent was obtained from the patient.

Discussion

Pheochromocytoma is a catecholamine-producing neuroen-
docrine tumour that arises from inside or outside the adre-
nal medulla. The classic triad of symptoms of
pheochromocytoma are palpitations, headaches, and dia-
phoresis, but signs and symptoms of pheochromocytoma
are wide ranging and mainly reflect the haemodynamic
and metabolic actions of the catecholamines produced and
secreted by the tumours.

In our case, the chief complaints of the patient were not
part of the classic triad. The clinical presentation of hyperpy-
rexia could easily be mistaken for septicaemia, but infection
was an unlikely underlying cause as a result of the ineffective-
ness of a wide range of strong antibiotics. The fever and acute
inflammatory symptoms could be explained by the production
of interleukin-6 by the tumour, as reported previously.9 The
patient presenting with dyspnoea, paroxysmal hypertension
and hypotension, sinus tachycardia, low LV ejection fraction,

and increased cTnI and ST-T wave changes had extremely un-
stable haemodynamics that could be explained by cardiac
shock or catecholamine cardiomyopathy. The assessment of
thyroid function of our patient was normal, so hyperpyrexia,
hypertension, tachyarrhythmia, and cardiac shock could not
have been peripartum thyroid storm in the setting of a pheo-
chromocytoma. Furthermore, malignant hypertension with
multiple organ failure could also induce the similar clinical
presentation. While our patient presented paroxysmal hyper-
tension and hypotension instead of continuous elevated
blood pressure, the increased cTnI and ST-T wave changes
were more likely to be the result of the secretion of pheochro-
mocytoma. Besides, rhabdomyolysis of the patient could not
be explained by malignant hypertension.

Our patient exhibited a rapid rise in creatine kinase levels in
addition to muscle weakness. Recently, some case reports
showed that pheochromocytoma could induce rhabdomyolysis
and acute renal failure with increased creatine kinase levels but
had not performed biopsy.10–12 There is just evidence in the liter-
ature of histologically proven focal myositis with degeneration of
skeletal muscle fibers, increased sarcolemmal nuclei, and giant
cells in a patient with a large pheochromocytoma at autopsy.13

In our case, we performed a biopsy of the patient’s bicepmuscle,
and electron microscopic examination revealed deranged

Figure 2 Haemodynamic parameters and levels of creatine kinase and serum creatinine in the patient before and after continuous renal replacement
therapy. (A) Heart rates showed extremely sinus tachycardia before CRRT, and HR gradually decreased after CRRT. SBP and DBP fluctuated before CRRT
but stabilized after CRRT. (B) Blood analysis showed extremely elevated creatine kinase and serum creatinine before CRRT, which decreased to normal
after CRRT. HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; CK, creatine kinase; CK-MB, creatine kinase-MB; Cr, creatinine;
CRRT, continuous renal replacement therapy.
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myofibrils, atrophy, increased mitochondrial number, as well as
damaged mitochondria. The muscle biopsy was performed on
the 12th day in the hospital, by which time CRRT had been

initiated for several days, and the CK level had almost returned
to normal. The pathological observation indicated that the mus-
cle weakness and elevated CK in this patient were probably a

Figure 3 Concentration of serum catecholamines and cardiac function before and after continuous renal replacement therapy. (A) Concentrations of
noradrenaline and adrenaline were very high but decreased rapidly after starting CRRT. (B) Cardiac function, assessed by left ventricular ejection frac-
tion, improved rapidly after starting CRRT, and eventually returned to normal. NA, noradrenaline; A, adrenaline; LAD, left atrial diameter; LV, left ven-
tricle; EF, ejection fraction.

Figure 4 Biopsy of bicep muscle visualized by electron microscopy. Electron microscopy showed deranged myofibrils, increased mitochondrial number,
and damaged mitochondria.
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result of rhabdomyolysis.While CRRT remained an option for the
treatment of rhabdomyolysis, it was unknown whether it would
be effective in a patient with pheochromocytoma. Our patient
stabilized soon after CRRTwas initiated, leading us to believe that
CRRT treated the rhabdomyolysis not only by the removal of
the CK but also by the removal of catecholamines from the
circulation.

It had previously been reported that catecholamines could
be removed by CRRT in 1978.14 Another report recently
showed that CRRT could cure pheochromocytoma crisis with
multiple organ failure.15 In our report, the patient suffered
not only from multiple organ failure but also rhabdomyolysis.
Upon starting CRRT, the patient rapidly recovered exhibiting
haemodynamic stabilization and return of muscle function.
Wewere conclusively able to confirm the removal of catechol-
amines by CRRT by positively identifying it in the dialysate.

Although the definitive treatment for pheochromocytoma
is surgical resection, it is often too risky to perform in the
setting of pheochromocytoma crisis. It is therefore impera-
tive to first stabilize the patient using standard medical ther-
apy involving adequate α-blockade, followed by β-blockade.
Additional medications such as nitroprusside or magnesium
or alpha methyl tyrosine should be considered in controlling
hypertensive crisis induced by pheochromocytoma. While
nitroprusside and alpha methyl tyrosine have reported the
failure use in controlling hypertensive crises in association
with pheochromocytoma,16,17 magnesium may be a good

choice in stabilizing the haemodynamic of the patient by de-
creasing catecholamine release.18 In our case, we supposed
that magnesium may stabilise the patient from the hyperten-
sive crisis but may fail to rescue the patient from rhabdomy-
olysis. Besides routine medical therapy, use of extracorporeal
membrane oxygenation coupled with intra-aortic balloon
pump has been reported to stabilize the haemodynamic col-
lapse of patients.19,20 Although extracorporeal membrane ox-
ygenation and intra-aortic balloon pump would treat the
haemodynamic collapse of our patient, it would be ineffec-
tive for the treatment of rhabdomyolysis and acute renal fail-
ure by eliminating catecholamines. We conclude from our
experience that CRRT is capable of managing a wide range
of complications of pheochromocytoma crisis by removing
toxic catecholamines from the circulation, thereby stabilizing
haemodynamics and resolving critical illness myopathy and
ultimately buying valuable time to undergo elective surgery.
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