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ABSTRACT

Successful anesthetic management of patients with adrenal tumors requires a well-orchestrated and multidisciplinary approach. We report the
successful anesthetic management and outcomes of five rare cases of adrenal tumors in adult and pediatric patients. Careful attention was paid
to patient hydration, and salt supplementation was concurrently administered. Pharmacological therapy was started and required investigations,
optimization was done preoperatively, and patients were admitted 2-3 days before surgery. During surgery, pheochromocytoma requires keen
vigilance, invasive monitoring, appropriate anesthetic techniques, and vasodilator use during the perioperative period to tackle hypertensive
crisis; vasopressors may be required postoperatively. All patients were clinically stable after surgery and were successfully discharged.
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INTRODUCTION

Managing pheochromocytoma can pose a challenge for
anesthesiologists, especially if it remains undetected. These tumors,
composed of chromaffin tissue, are commonly encountered during
anesthesia and their symptoms can differ greatly. Nevertheless, surgical
management of these tumors has significantly improved over time
due to advances in surgical techniques, diagnostic capabilities, and
proper preoperative preparation. Ensuring an appropriate anesthetic
approach during the perioperative period is crucial for achieving the
best possible outcome. Collaboration among physicians from various
specialties from the outset is essential for achieving optimal results.!

CASE SERIES

We report five cases of pheochromocytoma at a tertiary care
hospital in India. The study was done between February 2021
and March 2022. Pheochromocytoma diagnosis was confirmed
by endocrinologists using biochemical testing (24-hour urine
metanephrine and normetanephrine) and computed tomography
(CT) imaging. The anesthesia team, cardiologists, neurologists,
and nephrologists attended to the patients for optimization. All
patients were made clinically stable under pharmacological therapy
(phenoxybenzamine, calcium channel blockers, and 3-blockers)
before admission for elective surgery. Patients were also advised
to take adequate fluids, a high salt diet, and antihypertensive
medications. The patient regularly visited the outpatient
department till admission, and serial hematocrit was measured to
check the adequacy of fluid replacement (Table 1).

The patients were admitted 3 days before surgery. A high
sodium diet (5000 mg/day) was initiated, and continuous saline
infusion was given 2500 mL/day.

All the patients were operated under general anesthesia (GA)
with a thoracic epidural, preferably at T11-12. After securing
the intravenous (IV) lines, the standard American Society of
Anesthesiologists (ASA) monitors were attached. Arterial and central
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venous lines were connected, and urinary catheterization was done.
We preferred etomidate (0.2-0.3 mg/kg) as an induction agent and
vecuronium as a muscle relaxant because of their hemodynamic
stability and nonrelease of histamine. Injection fentanyl 100 ug was
given during induction, and paracetamol 1000 mg was infused at the
end of surgery for analgesia. Drugs that may increase catecholamine
levels, like desflurane, ketamine, morphine, pethidine, atracurium,
and metoclopramide, were avoided. Nitroglycerine (NTG), sodium
nitroprusside (SNP), esmolol, and norepinephrine (NE) infusions were
prepared and labeled correctly. Loading of dexmedetomidine (DEX)
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Table 1: Table showing demographic profile, medical history, drug history, CT scan findings, and laboratory investigations of patients

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age at presentation 56 years 35 years 12 years 45 years 45 years
Sex Female Male Female Female Male
Genetic testing Not done Not done Not done Done Not done
Two of her three
children had positive
results and operated
later on
Family history No No No No No
Presenting symptoms Nil Generalized seizure Chest pain, Headache, abdominal Severe pain abdomen
palpitation pain, anxiety, and
sweating
Other comorbidities (apart from  None Cerebrovascular Concentric Type 2 diabetes Left ventricular
hypertension) accident left ventricular mellitus, hypertrophy
hypertrophy hypothyroidism
Preoperative medication given Prazosin Prazosin 15 mg TDS Tab torsemide Tab prazosin 5mg OD Tab atenolol 50 mg BD
15 mg TDS Nicardipine 10mgODandtab  Tab thyroxine
Nifedipine 80 mg TDS carvedilol 50 ug OD
120 mg TDS Propranolol 6.25 mg BD metformin 500 mg
Propranolol 40 mg OD and tab gliclazide
40 mg OD Tab phenytoin 80 mg OD
100 mg TDS
Location and size of tumor Medial limb of Right suprarenal Left suprarenal Left suprarenal fossa ~ Some retroperitoneal
right adrenal  region fossa 4.7 x12x 141 mm mass was present,
29 x 29 X 38 x22x28mm 45 %34 x35mm with left paraaortic engulfing the inferior
35mm and aortocaval nodes vena cava
(16.7 x 11.2mm)
Metastasis _ _ _ _ _
Urinary metanephrine (24 hours) 942.80 220.68 281.82 423.65 Not done
Urinary normetanephrine (24 188.55 1754 2366.27 234.56 Not done
hours)
BD, twice a day; OD, once a day; TDS, thrice a day
was given at the rate of 1 pg/kg for 10 minutes, followed by an e
infusion of 0.5 pg/kg in all patients till resection of the tumor. o)
Blood sugar was measured atinduction and after that at every hour £
interval. In the postoperative period, blood sugar was measured 25 150
every 3 hours for 24 hours. We also used bispectral index (BIS) i'lg
monitoring to maintain deeper planes of anesthesia throughout the E € 100
intraoperative period. The epidural infusion was started with 0.25% Q g
bupivacaine at the rate of 5mL/hour, and anesthesia was maintained % < 50+
on 50% oxygen, nitrous oxide, and sevoflurane with an intermittent E
dose of vecuronium. CVP-guided adequate amounts of fluid and g 0
blood products were administered. The epidural infusion was @ & & & > &
i i > 5 S S & $
stopped after tumor resection, but the catheter was kept in place &0 8)0 \\)Q,;\\o Sy @ QQ‘& 6\‘%
for postoperative pain relief. However, intraoperative management @OQ é\‘\(‘ \){\(‘9@& \?sg@' & ?;\\ & %
was different in all patients (Figs 1 to 3). < Ny 06@(‘ < &
Patient one was a 56-year-old woman who was incidentally
diagnosed with pheochromocytoma on CT. Preoperatively, she | mCase1 MCase2 mCase3 WCase4 MCased

was optimized with tablet (tab) prazosin 15 mg thrice a day (TDS),
tab nifedipine 120 mg TDS, and tab propranolol 40 mg once a day
(OD). A loading infusion of 500 pg/kg of esmolol and DEX 1 pg/kg
over 10 minutes was initiated before induction to overcome the
sympathetic response during intubation. The DEX dosage was
adjusted intraoperatively according to hemodynamic variations
and discontinued after tumor resection. After intubation, NTG was
also started at 5 pg/kg/minute and increased to 10 pg/kg/minute
during tumor manipulation. Still, blood pressure (BP) kept rising
and increased to 200/110 mm Hg. Esmolol was continued at
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Fig. 1: Heart rate of the patients at different time intervals

100-150 pg/kg/minute. Still, BP kept growing. Finally, BP could
be controlled after adding SNP at 0.5 pg/kg/minute. DEX and
other antihypertensive medications were tapered and stopped
after tumor resection; NE infusion was initiated at 10 pg/minute,
and gradually tapered to 8 pg/minute to maintain mean arterial
pressure above 65 mm Hg. The patient was observed for
15 minutes postoperatively. Her BP was 112/73 mm Hg when she
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Fig. 2: Systolic BP of patients at different time intervals

was moved to the postoperative ward with an epidural infusion of
0.125% bupivacaine with fentanyl at 1-2 pg/mL for postoperative
pain relief. The NE infusion was tapered gradually over 6 hours. She
was followed up for 3 days and eventually discharged.

Patienttwowasa35-year-old manwithrightpheochromocytoma,
and he was taking tab phenytoin 100 mg TDS, tab nicardipine
80 mg TDS, tab prazosin 15 mg TDS, and tab propranolol 40 mg OD
for 1 week. Intraoperatively, he received a loading infusion of esmolol
(500 pg/kg) and DEX (1 pg/kg) for 10 minutes. Intraoperatively, BP
was managed further with NTG (8-10 pg/kg/minute) and esmolol
(100-150 pg/kg/minute). The intraoperative period was uneventful.
About 2 L of fluid was administered before tumor resection. No
hypotension was observed after tumor resection. The patient was
discharged on the 10th postoperative day (Fig. 4).

The third patient was a 12-year-old girl scheduled for an open
left adrenalectomy. She was diagnosed with hypertension and
admitted to the pediatric intensive care unit (ICU) for 2 days. Here,
labetalol infusion was initiated for BP regulation. She was later
diagnosed with pheochromocytoma and started on tab torsemide
10 mg OD and carvedilol. Two-dimensional echocardiography
revealed an ejection fraction of 70% with concentric left ventricular
hypertrophy. The patient was wheeled into the operation theater
(OT), standard monitoring was attached, and a DEX bolus was
administered (1 pg/kg over 20 minutes), followed by infusion at
0.5 pg/kg/minute. The anesthetic management was like other
patients. However, 7 mL, 0.25% ropivacaine was given as a bolus
through an epidural catheter instead of an infusion. After induction,
NTG infusion was initiated (10-12 pg/minute). During tumor
manipulation, the patient’s BP suddenly increased (182/122 mm Hg).
Simultaneously, SNP infusion was also started. The pulse rate
also started rising (120-130 bpm). Esmolol infusion was started at
100 pg/kg/minute. Antihypertensive infusions were stopped after
tumor resection. Still, her BP suddenly dropped (71/42 mm Hg),
and NE infusion was started at 12 pg/minute. BP kept falling, so
vasopressin infusion was started. When vital parameters were
acceptable, the patient was moved to the postoperative high-
dependency unit with NE infusion, gradually tapered over the next
12 hours. She was discharged on the 12th postoperative day with
follow-up advice.

Patient four was a 45-year-old woman with a six-year history
of hypertension. She was taking amlodipine 10 mg OD and
atenolol 25 mg BD. She also had hypothyroidism during this period

Fig. 3: Diastolic BP of patients at different time intervals

(treatment—tab thyroxine 50 pg). She had recently been diagnosed
with type 2 diabetes mellitus (treatment—metformin 500 mg and
tab gliclazide 80 mg). On presentation, the physician discontinued
amlodipine and atenolol, and she has been initiated on tab prazosin
2.5mg OD, which was increased to 5 mg OD. Adrenal myelolipoma
was diagnosed on abdominal contrast-enhanced CT. In theater, BP
was maintained with NTG, SNP, and esmolol. A CVP-guided total
of 2800 mL of fluid was administered for 3.5 hours of surgery with
500 mL blood loss and 400 mL urine output. After 2 hours, during
tumor resection, the patient developed ventricular tachycardia.
The surgeons were asked to wait for a while till the return of normal
sinus rhythm. Injection lidocaine was given at 1.5 mg/kg, repeated
with 0.75 mg/kg after 10 minutes. The patient’s BP and pulse rate
were stabilized. After tumor resection, sudden hypotension was
managed with NE infusion. The patient was transferred to the
postoperative ward with NE infusion, discontinued after 2 hours.
The fifth patient was different from others as he was posted for
excision of a retroperitoneal mass engulfing the inferior vena cava.
He has had diabetes for 5 years and was on insulin therapy. He was
also hypertensive, for which he was taking Tab atenolol, and his BP
charting was normal. Echocardiography revealed left ventricular
hypertrophy, and all other parameters were normal. It was posted
as a routine case. As soon as the patient was induced, BP started
shooting up. NTG, SNP, and esmolol infusion were started, and BP
could be controlled. But as soon as the tumor was touched, BP again
started rising. An intermittent bolus of labetalol and a bolus dose of
magnesium sulfate was also given. After that, sudden hypotension
was observed. Now it was suspected that the mass could be
pheochromocytoma. CVP line, arterial line, and transesophageal
Doppler were connected. A large fluid bolus was given through CVP.
Recurrent episodes of hypotension and hypertension were managed
with continuously adjusting infusion of antihypertensive drugs and
NE. Surgeons carefully resected the tumor, and all antihypertensive
infusions were stopped. However, the patient was shifted to ICU
with the infusion of NE and vasopressin. Extubation was done the
following day after vitals were stabilized. Histopathology later
confirmed the diagnosis of pheochromocytoma (Fig. 5).

Discussion

The determination of plasma-free metanephrines and the
determination of urinary fractionated metanephrines are equally
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Fig. 4: CT of patient two

acceptable methods for the diagnosis of pheochromocytoma
and the choice of one method over the other is debatable.
Endocrinologists in our institution measured 24 urine urinary
metanephrine and normetanephrine for biochemical confirmation
of pheochromocytoma and CT imaging was done thereafter.>®

Reasonable preoperative pharmacological control, control of
adverse effects of circulatory catecholamine, and restoration of
intravascular volume are critical to good perioperative outcomes.
Endocrine Society of Clinical Practice guidelines recommend
a high salt diet and fluid intake to reverse catecholamines-
induced blood volume contraction preoperatively and to
prevent severe hypotension after tumor resection.” Combined
general and regional anesthesia was the technique of choice, and
this was used in all patients.® Per recommendations, standard
and invasive monitoring (invasive BP and CVP) and BIS were
used in all cases. Response to endotracheal intubation were
suppressed using a DEX bolus before induction. More profound
anesthesia was maintained through the procedure guided by
(BIS) monitoring.

Hypertensive crisis during tumor manipulation was managed
with potent, short-acting vasodilators NTG and esmolol.>™" Each
patient required a different dose/combination of antihypertensive
medications. Labetalol and magnesium sulfate are also effective
agents to reduce blood pressure, and they were used only in our
fifth patient.

4 \ World Journal of Endocrine Surgery, Volume 00 Issue 00 (xxxx 2023)

Vasopressors are required immediately after removing the
tumor to control sudden hypotension. A large-volume fluid bolus
was administered immediately before tumor ligation to prevent
severe hypotension. Noradrenaline infusion and vasopressin
infusions were used to treat hypotension postoperatively.
Sometimes adrenaline in 1:10 dilution or vasopressin drip is needed
in emergencies if hypotension is not corrected, but it was not
required in our cases. Some researchers have used methylene blue
for severe hypotension after tumor ligation."

Excess catecholamine in these patients caninduce oraggravate
insulin resistance, and hypoglycemia is a frequent complication of
pheochromocytoma resection. Therefore, we monitored blood
glucose levels throughout the perioperative period.”®

Pheochromocytoma is associated with various syndromes and,
therefore should be investigated thoroughly. Theodosopoulou et al.
reported a patient with type 1 neurofibromatosis (NF-1) presented
for myomectomy. The patient developed a hypertensive crisis
during anesthesia due to an occult pheochromocytoma managed
by infusion of NTG. Surgery was not done, and the patient was
reversed. They suggested a thorough investigation of NF-1 patients
before elective surgery due to the diversity of the disease’s clinical
manifestations. A similar incident happened with our fifth patient,
who was not diagnosed with pheochromocytoma preoperatively
and was posted as simple laparotomy, and managing the BP
remained challenging for us throughout the perioperative period.'®
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Fig. 5: Abdominal CT of patient five

Imbelloni et al. published a case series of three pheochromocytoma
cases. They used SNP, NTG, phentolamine bolus, and magnesium
sulfate for the hypertensive crisis. All cases were done under GA +
epidural. They stressed that effective preoperative control of blood
pressure, a multidisciplinary approach, and good teamwork is very
important for a good outcome in reducing morbidity and mortality.”

CONCLUSION

Definitive treatment of pheochromocytoma consists of surgical
removal. The complications in these patients can be effectively
reduced by adequate preoperative pressure control, preoperative
fluid restoration, optimization of cardiovascular status, and
adequate use of antihypertensive and vasopressor drugs during
surgery. Strict hemodynamic control of the patient in OT and ICU
is recommended. Coordinated efforts by surgical, medical, and
anesthesia teams led to the discharge of all patients successfully
from the hospital.
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