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Background: Multiple endocrine neoplasia type 2A (MEN2A) is a rare syndrome that
presents as medullary thyroid carcinoma, pheochromocytoma, and hyperparathyroidism.
Experience is lacking in the anesthetic management of patients with this syndrome,
par t icu la r l y in those who present wi th pheochromocytoma rece iv ing
nonpheochromocytoma resection. We aimed to share our experience with the
anesthetic management of MEN2A patients.

Method:We retrospectively enrolled 24 MEN2A patients who had received different types
of surgery at Peking Union Medical College Hospital from January 1, 2015, to December
31, 2021. All the medical records were reviewed and analyzed.

Result: In total, 33 surgeries were performed in 24 MEN2A patients, with 20 surgeries
comprising pheochromocytoma resection in 17 patients. Most of these patients who had
received pheochromocytoma resection had typical hemodynamic changes during surgery
and anesthesia. Regarding the other 13 nonpheochromocytoma resections in 13
patients, 10 were performed in patients without pheochromocytoma, and 3 surgeries
were performed with either functional primary (1, bilateral tumor whose patient refused
adrenalectomy) or metastatic pheochromocytoma (2, unresectable and malign tumors
developed years after bilateral adrenalectomy). Regarding the latter 3 patients, 1 showed
hypertension and tachycardia during anesthesia induction, 1 showed tachycardia during
surgery and the other showed stability during surgery. Patients who had received
pheochromocytoma resection (n=17) required longer postoperative hospital stays than
those who had received nonpheochromocytoma resection without pheochromocytoma
(n=10) (5.8 ± 1.8 vs. 4.3 ± 1.6; P = 0.031).

Conclusions: Whenever MEN2A patients are diagnosed with pheochromocytoma,
surgical resection of the pheochromocytoma remains the primary choice for MEN2A
treatment. Nonpheochromocytoma surgeries performed with existing pheochromocytoma
could be risky and require full caution and preparation.
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INTRODUCTION

Multiple endocrine neoplasia (MEN) syndrome is a hereditary
disease that presents with at least two endocrine gland tumors. It is
categorized into 3 types:MEN1,MEN2A, andMEN2B (1).MEN2A,
the predominant phenotype of MEN2, is caused by germline
mutations in the RET proto-oncogene that predispose carriers to
an increased risk todevelopmentofmedullary thyroidcancer (MTC),
pheochromocytoma, and primary hyperparathyroidism to different
degrees (2). The classicMEN2Asusceptibilitymutation in codon634
is estimated at 3.7 live births per million, with 97% of patients
presenting with MTC, half with pheochromocytoma, and one-fifth
with primary hyperparathyroidism (3).

Surgeries such as thyroidectomy, adrenalectomy and
parathyroidectomy remain the gold standard in treating MEN2A
patients (4), particularly for all RET carriers who may undergo
thyroidectomy with or without adrenalectomy and with or without
parathyroidectomy depending on the patient’s condition.
Currently, the guidelines for the management of MEN2A
suggest that pheochromocytoma should be resected before
surgical treatment of MTC or primary hyperparathyroidism (5–
7). Almost all centers follow the literature concerning the
indication of adrenalectomy before surgery. Thus, information is
lacking concerning thyroidectomy for MTC with concomitant
pheochromocytoma. Additionally, 50% of MEN2A patients are
primarily diagnosed with MTC without pheochromocytoma, and
40% are diagnosed with pheochromocytoma and MTC
concurrently (6). To date, only one case has been identified
regarding tachycardia and hypotension in a patient with
medullary thyroid cancer and undiagnosed pheochromocytoma
(8). Pheochromocytoma should be of the prompt consideration or
diagnosis after refractory treatment of severe hypertensive crisis
during anesthesia induction of suspected cases (9).

Therefore, anesthesia for MEN2A patients who receive
different types of surgeries with or without pheochromocytoma
must be managed. Our experience in recent years might
be helpful.
MATERIALS AND METHODS

This study reviewed the medical records of all MEN2A patients who
had undergone surgeries at PekingUnionMedical CollegeHospital, a
national rare disease center, from January 1, 2015, to December 31,
2021. All the patients were numbered in the order of their first
operation date, and the correlated surgeries were categorized into
three groups: pheochromocytoma resection, nonpheochromocytoma
resection without pheochromocytoma and nonpheochromocytoma
resection with pheochromocytoma.

All the data, including patient age, sex, medical history, clinical
manifestations, preoperative medication, laboratory tests,
hemodynamics, complications, postoperative ICU stay and hospital
stay, were collected. Laboratory tests included measurement of the
24-hour levels of urine catecholamines, metanephrine (MN), and
nor-metanephrine (NMN), hemoglobin concentration and
hematocrit. Preoperative medication for MEN2A patients included
phenoxybenzamine and/ormetoprolol for preoperative preparation.
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During surgery and anesthesia, anesthesiologists managed
hemodynamic changes when necessary with medications that
depended on the preoperative 24-hour levels of urine
catecholamines. The episodes of systolic blood pressure 30% above
baseline despite vasoactive drugs were recorded. Partial, total or
complete bilateral adrenalectomy was performed by surgeons for
different patients considering localization and size of the
pheochromocytoma in the setting of MEN2A.

The lengths of postoperative ICU stay and postoperative
hospital stay were presented as means and standard deviations.
Group comparisons for continuous variableswere performed using
Student’s t test. Ethical approval for this study (Ethical Committee
No. S-K1784) was provided by the Ethical Committee of Peking
Union Medical College Hospital, Beijing, China.
RESULTS

A total of twenty-four MEN2A patients were enrolled from the
medical record system; thirteen were female, and eleven were male.
Sixteen MEN2A patients were primarily diagnosed with
pheochromocytoma (F/M: 7/9) at an average age of 30.6 ± 7.3 y,
and the other eight were primarily diagnosedwithmedullary thyroid
carcinoma (F/M: 6/2) at an average age of 32.2 ± 9.5 y. Eight patients
received two to three surgeries in addition to pheochromocytoma,
and sixteen patients received only one surgery at this center. In total,
thirty-three surgeries were performed under general anesthesia
(Table 1). All 24 patients finally recovered after 33 surgeries.

For group categorization, seventeen patients received twenty
pheochromocytoma resections, ten patients without
pheochromocytoma received ten nonpheochromocytoma
resections, and three patients with pheochromocytoma received
three nonpheochromocytoma resections.

Pheochromocytoma Resection in MEN2A
Seventeen MEN2A patients received twenty pheochromocytoma
resections with all pheochromocytoma diameters > 3 cm, and
they all received 2 to 4 weeks of routine preoperative medication
preparation (Table 2). From general anesthesia induction to the
end of the surgery, four surgeries (4/20) for four patients (4/17)
demonstrated at least one episode of SBP > 180 mmHg, and all
twenty surgeries for seventeen patients demonstrated at least one
episode of SBP > 140 mmHg (Figure 1A). Nine surgeries (9/20)
for eight patients (8/17) exhibited at least one episode of SBP 30%
above baseline (Table 2). After surgery, all the patients returned
to the ICU. The four patients who exhibited hypertensive crisis
during surgery (SBP > 180 mmHg) all had typical clinical
manifestations of pheochromocytoma, with a tumor diameter >
5 cm on computed tomography. The average lengths of
postoperative ICU stay and postoperative hospital stay were
26.9 ± 9.8 h and 5.8 ± 1.8 d, respectively (Table 3).

Patients who received pheochromocytoma resection with
elevated preoperative 24 h urinary catecholamine (n=13) needed
longer lengths of the postoperative ICU stay (28.8 ± 11.6 h vs.
23.3 ± 3.5 h, P = 0.132) and postoperative hospital stay (6.2 ± 1.9 d
vs. 5.1 ± 1.5 d, P = 0.231) than the others with normal 24 h urinary
catecholamine (n=7), despite no statistical significance.
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TABLE 1 | Primary diagnosis, demographics and surgeries of MEN2A patients.

Patient No. Sex Primary diagnosis Agea (y) Surgery No. Ageb (y) BMI (kg/m2) ASA Type of Surgery

1 M PHEO 26 1.1 47 26 II Thyroidectomy
2 F PHEO 20 2.1 21 19.7 III PHEO resection

2.2 24 20.4 II PHEO resection
3 M PHEO 43 3.1 47 22.8 III PHEO resection
4 M PHEO 28 4.1 28 22.9 III PHEO resection

4.2 29 20.5 I Thyroidectomy
5 M PHEO 33 5.1 33 19.6 III PHEO resection
6 F PHEO 36 6.1 46 21.6 II Thyroidectomy
7 M MTC 39 7.1 46 24.2 III PHEO resection
8 F PHEO 41 8.1 52 27.4 I PHEO resection
9 F PHEO 32 9.1 37 23.4 III PHEO resection

9.2 37 22.7 II Thyroidectomy
10 F MTC 40 10.1 42 20.7 III PHEO resection

10.2 44 22.4 III PHEO resection
11 F MTC 21 11.1 22 22.3 I Thyroidectomy

11.2 24 25.2 III PHEO resection
12 F MTC 25 12.1 35 19.9 II PHEO resection

12.2 35 20.4 II Thyroidectomy
12.3 37 19.9 II PHEO resection

13 F PHEO 42 13.1 49 21.5 II Thyroidectomy
14 M MTC 34 14.1 39 25.2 III Thyroidectomy
15 F MTC 48 15.1 57 21.8 III PHEO resection

15.2 58 22.1 II Mediastinal mass resection
16 F PHEO 25 16.1 30 24.4 II Cesarean Section
17 M PHEO 27 17.1 27 28.4 III PHEO resection
18 M PHEO 23 18.1 24 21 III PHEO resection
19 M PHEO 28 19.1 32 27.6 III PHEO resection

19.2 33 25.9 II Lumbar spine surgery
20 F MTC 26 20.1 59 23.5 III PHEO resection
21 M PHEO 28 21.1 28 29.4 III PHEO resection
22 M PHEO 36 22.1 60 23.6 II Thyroidectomy
23 F PHEO 21 23.1 26 19.1 III Thyroidectomy
24 F MTC 25 24.1 33 18.8 III PHEO resection
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Agea, age at primary diagnosis; Ageb, age at surgery; BMI, body mass index; ASA, American Society of Anesthesiologists physical class; M, male; F, female; PHEO, pheochromocytoma;
MTC, medullary thyroid carcinoma.
TABLE 2 | Clinical features and outcomes of 20 pheochromocytoma resection surgeries in 17 MEN2A cases.

Patient
No.

Surgery
No.

High 24 h
urinary CA

High
NMN/MN

Preoperative medication
(alpha blockade)

Intraoperative
SBP>30%

Length of postoperative
ICU stay (h)

Length of postoperative
hospital stay (d)

2 2.1 + + + + 25 8
2.2 – + + + 24 5

3 3.1 + N/A + – 20 4
4 4.1 – N/A + – 23 5
5 5.1 + N/A + – 48 7
7 7.1 + N/A + – 24 7
8 8.1 – N/A + – 28 7
9 9.1 + N/A + + 26 8
10 10.1 + – + – 24 8

10.2 + N/A + – 24 5
11 11.2 – N/A + + 27 5
12 12.1 – N/A + + 18 7

12.3 – N/A + – 23 3
15 15.1 + N/A + – 53 6
17 17.1 + N/A + – 23 3
18 18.1 + + + – 24 4
19 19.1 + + + + 22 6
20 20.1 – – + + 20 4
21 21.1 + + + + 17 5
24 24.1 + + + + 45 9
CA, catecholamine; NMN, nor-metanephrine; MN, metanephrine; SBP>30%, systolic blood pressure 30% above baseline; ICU, intensive care unit; +, yes; -, no; N/A, not available.
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Nonpheochromocytoma Resection
in MEN2A Patients Without
Pheochromocytoma
TenMEN2A patients received ten nonpheochromocytoma resections
before the occurrence of pheochromocytoma or after the resection of
Frontiers in Endocrinology | www.frontiersin.org 4
diagnosedpheochromocytoma (Table4). Three requiredpreoperative
antihypertensive medication; none demonstrated an episode of SBP
30%abovebaseline (Table4,Figure1B).All thepatients recovered full
consciousness after surgery without transfer to the ICU. The average
length of postoperative hospital stay was 4.3 ± 1.6 d (Table 3).
FIGURE 1 | Intraoperative hemodynamic changes of three different types of surgeries in MEN2A patients. A: surgery No. 24.1, B: surgery No. 1.1, C: surgery No. 22.1. I:
Anesthesia induction. II: Endotracheal intubation. III: Operation started. IV: Operation finished. The curve in break means the data lost. MAP, mean arterial pressure; HR, heart rate.
TABLE 3 | Length of ICU stay and postoperative hospital stay after different types of surgery in MEN2A patients.

Type of surgery n Length of postoperative ICU stay (h) Length of postoperative hospital stay (d)

PHEO resection 20 26.9±9.8 5.8±1.8
24 h urinary CA positive 13 28.8±11.6 6.2±1.9
24 h urinary CA negative 7 23.3±3.5 5.1±1.5

Non-PHEO resection without PHEO 10 0 4.3±1.6*
Non-PHEO resection with PHEO 3 164.7±230.2 16.0±18.2
PHEO: pheochromocytoma, CA: catecholamine, ICU: intensive care unit, *: p<0.05 compared with the PHEO resection group.
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Nonpheochromocytoma Resection in
MEN2A Patients With Pheochromocytoma
Three MEN2A patients with either primary or metastatic
pheochromocytoma received three nonpheochromocytoma
re sec t ion surge r i e s (Table 5 ) . They a l l r ece ived
pheochromocytoma function examinations before the non-
pheochromocytoma resection surgeries. Patient No. 14 had no
hypertension or episodic headache, sweating and tachycardia.
His preoperative examinations showed normal norepinephrine
(NE, 37.69 ug/24h, 16.69-40.65 ug/24h), normal epinephrine (E,
4.19 ug/24h, 1.74-6.42ug/24h), elevated dopamine (DA, 335ug/
24h, 120.93-330.59 ug/24h), elevated NMN (2109.00 ug/24h, 0-
1464 ug/24h) and elevated MN (520.00 ug/24h, 0-394 ug/24h) in
24h urinary sample. Patient No. 22 had hypertension but no
episodic headache, sweating or tachycardia. His preoperative
examinations showed elevated NMN (1.43 nmo1/L, 0-0.9 nmo1/
L) and elevated MN (2.08 nmo1/L, 0-0.5 nmo1/L) in blood
sample. Patient No. 23 had hypertension and episodic headache
and tachycardia. His preoperative examinations showed elevated
NE (1721.1 ug/24h, 0-76.9 ug/24h), elevated E (69.9 ug/24h, 0-11
ug/24h), and elevated DA (840.9 ug/24h, 0-459.9 ug/24h) in 24h
urinary sample, with elevated NMN (51.13 nmo1/L, 0-0.9 nmo1/
L) and elevated MN (2.35 nmo1/L, 0-0.5 nmo1/L) in blood
sample. All three patients received preoperative medication
preparat ion for exis t ing hypertens ion and radica l
thyroidectomy for MTC. During surgery (1/3) for patient No.
22 (1/3), an episode of SBP 30% above the baseline occurred
(Table 5). Patient No. 22 temporarily showed hypertension and
tachycardia after induction (Figure 1C). They all maintained
stable hemodynamic parameters during surgery, and both
patients No. 14 and No. 22 were transferred to the ICU
immediately after surgery. Patient No. 23, who recovered full
consciousness after surgery without transfer to the ICU,
experienced pheochromocytoma crisis and catecholamine
cardiomyopathy on the first day postoperatively. She was then
transferred to the ICU and finally recovered after a 430-hour
ICU stay and 37-day postoperative hospital stay (Table 5). The
average lengths of postoperative ICU stay and postoperative
hospital stay were 164.7 ± 230.2 h and 16 ± 18.2 d,
respectively (Table 3).
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DISCUSSION

The clinical signs of pheochromocytoma due to excess
catecholamine release include hypertension, headache,
palpitation, and sweating (10). Surgical resection is the main
therapy for patients with pheochromocytoma, and preoperative
medications, including alpha blockade, are beneficial for patients to
reverse blood vessel contraction and reduce the risk of significant
hypotension after pheochromocytoma resection. However,
intraoperative hemodynamic instability remains unavoidable in
patients with pheochromocytoma and may be associated with
tumor size and high levels of urinary catecholamine.

Theonset ageofpheochromocytoma inMEN2Apatients ismuch
younger than that in nonsyndromic pheochromocytoma and
paraganglioma patients in our center (11, 12). Regarding MEN2A
patients, either adrenal-sparing surgery or total adrenalectomy could
be therapeutic for phaeochromocytoma depending on the patient’s
condition, surgeon and institution (13). FooCWet al. reported a case
of MEN2A syndrome that had undergone bilateral laparoscopic
adrenalectomy, and they found that the intraoperativehemodynamic
instability was much more pronounced than that in other
pheochromocytoma patients (14). At our center, the proportion of
patientswhoexperiencedat leastoneepisodeofSBP>30%was59.6%
in nonsyndromic pheochromocytoma or paraganglioma resections
(11), a value much higher than that inMEN2A pheochromocytoma
resections (9/20, 45%). The reasonmay be the smaller tumor size and
that only unilateral pheochromocytoma resection was preferable. A
pheochromocytomadiameter larger than5cmis an independent risk
factor for intraoperative hemodynamic instability (11).

Another retrospective study including 61 patients who had
undergone pheochromocytoma resection concluded that
intraoperative hypertension episodes were similar in MEN2A
patients to those in nonsyndromic pheochromocytoma patients,
with postoperative hypotension less frequent and severe (15).
However, for MEN2A patients undergoing pheochromocytoma
resection, preoperative medications, including phenoxybenzamine
or other selective a1-adrenergic blockers, are necessary, and
intraoperative hemodynamic instability can be predicted
according to their clinical manifestations, laboratory examination
and tumor size (11, 15, 16).
TABLE 4 | Clinical features and outcomes of non-pheochromocytoma resection surgeries performed without the condition of pheochromocytoma in 10 MEN2A cases.

Patient
No.

Surgery
No.

High 24 h
urinary CA

High
NMN/MN

Preoperative medication
(alpha blockade)

Intraoperative
SBP>30%

Length of postoperative
ICU stay (h)

Length of
postoperativehospital stay

(d)

1 1.1 N/A N/A N/A – 0 6
4 4.2 N/A N/A N/A – 0 2
6 6.1 – – N/A – 0 3
9 9.2 N/A N/A N/A – 0 3
11 11.1 N/A N/A N/A – 0 4
12 12.2 N/A N/A + – 0 6
13 13.1 N/A N/A N/A – 0 4
15 15.2 N/A N/A N/A – 0 3
16 16.1 – N/A + – 0 6
19 19.2 – + + – 0 6
June 2022
CA, catecholamine; NMN, nor-metanephrine; MN, metanephrine; SBP>30%, systolic blood pressure 30% above baseline. ICU, intensive care unit; +, yes; -, no; N/A, not available.
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Nearly 10% of MEN2A patients die because of medullary
thyroid carcinoma (17). The treatment for MTC is a surgical
procedure, with the later the tumor stage and the worse the
prognosis (18). Therefore, for such patients, thyroidectomy for
hereditary C cell disease and prophylactic total thyroidectomymay
be beneficial (19). Most MEN2A patients present with MTC or are
primarily diagnosed with MTC; therefore, most thyroidectomies
are performed before or without the clinical diagnosis of
pheochromocytoma. Our experience showed stable intraoperative
hemodynamic parameters of MEN2A patients without
pheochromocytoma who had received nonpheochromocytoma
resections, and preoperative medication might not be necessary.

Pal R et al. reported a case of metastatic pheochromocytoma
in MEN2A in which the patient had received thyroidectomy
accompanied by suspected metastatic pheochromocytoma after
adequate preoperative preparation (20).

It’s still very risky for MEN2A patients to receive
nonpheochromocytoma resection surgeries with either primary or
metastatic pheochromocytoma, as could be even more risky in some
extremely urgent circumstances without adequate preoperative
evaluation and medications. Three patients at our center had
received thyroidectomy for MTC accompanied by functional
primary or metastatic pheochromocytoma. Regarding these three
cases, for patientNo. 14, bilateral pheochromocytomaswere found in
hospital during MTC treatment, but the patient and her family
preferred radical thyroidectomy for MTC before adrenalectomy for
the symptoms and lymphatic metastasis of MTC. For patient No. 22
andNo. 23, they both received bilateral pheochromocytoma resection
surgeries years ago. Unfortunately, both exhibited multiple
pheochromocytoma metastasis, resulting in the inability to achieve
radical pheochromocytoma resection. With the progression of MTC
and correlated pathophysiological changes, they both received radical
thyroidectomy with the metastatic pheochromocytomas.

Despite adequate preoperative medication preparation and
less frequent hemodynamic instability than pheochromocytoma
resection, they needed a similar or even longer length of stay in
the ICU after the surgery. Patient No. 23 experienced severe
catecholamine cardiomyopathy because of postoperative
excessive catecholamine release for unknown reasons. Their
preoperative 24h urinary CA levels and NMN/MN levels in
blood sample or 24h urinary sample could be a predictor for their
postoperative outcome.From our center’s experience in
pheochromocytoma and paraganglioma patients, a maximum
resting HR ≥115 beats/min, a maximum resting systolic BP ≥180
Frontiers in Endocrinology | www.frontiersin.org 6
mmHg, a blood glucose level ≥8.0 mmol/L, several symptoms
and signs ≥3, and an onset age ≤40 years were predictive factors
for catecholamine-induced cardiomyopathy (12).

As a retrospective single-center cohort analysis, only the data
of 24 MEN2A patients with 33 surgeries were collected and
categorized. Statistical analyses were not very confident because
of the limited sample size. The RET genetic analysis is essential
and obligatory in MEN2A cases and in all cases with clinical
diagnosis of MTC or pheochromocytoma. However, only few
patients had received this test in our center (data not available),
since most of them were referred from other centers and some of
them refused a genetic analysis. Most of our clinical practice
protocols on MEN2A patients were based on our much larger
cohort of pheochromocytoma and paraganglioma patients.
MEN2A is a rare disease, and its intraoperative anesthesia
management requires further study with collaboration from
different specialties and centers.
CONCLUSIONS

Based on clinical experience in the perioperative management of
pheochromocytoma and paraganglioma, a similar anesthesia
protocol also works on pheochromocytoma resection in
MEN2A patients. All other nonpheochromocytoma resections
could be scheduled and performed safely before the diagnosis of
pheochromocytoma or after the resection of diagnosed
pheochromocytoma. Nonpheochromocytoma resection
combined with existing functional pheochromocytoma requires
considerable caution and care from an experienced anesthesia or
perioperative medical team.
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Length of postoperative
hospital stay (d)

14* 14.1 + + + 19 7
22** 22.1 N/A + + + 45 4
23** 23.1 + + + 430 37
June 2022
CA, catecholamine; NMN, nor-metanephrine; MN, metanephrine; SBP>30%, systolic blood pressure 30% above baseline. ICU, intensive care unit; +, yes; -, no; N/A, not available.
*; presence of functional bilateral pheochromocytoma but the patient and her family preferred radical thyroidectomy for MTC before adrenalectomy for the symptoms and lymphatic
metastasis of MTC.
**; patients with previous history of bilateral pheochromocytoma resection surgeries admitted with unresectable pheochromocytoma (functional; recurrent; and malign) and progression of MTC.
| Volume 13 | Article 905963

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. Anesthesia and Outcome of MEN2A
patients/participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

YL collected and analyzed the data. YL and DJ wrote the
manuscript. LS designed the study. LS and YH reviewed the
manuscript and approved it for publication.
Frontiers in Endocrinology | www.frontiersin.org 7
FUNDING

This work was supported by the Education Reform Project
Foundation for the Central Universities of Peking Union
Medical College (2020zlgc0105).

ACKNOWLEDGMENTS

We acknowledge Dr. Yuelun Zhang for his efforts and aid
in statistics.
REFERENCES

1. Machens A, Elwerr M, Lorenz K, Weber F, Dralle H. 100-Year Evolution of
Precision Medicine and Surgery for Multiple Endocrine Neoplasia Type 2A.
Endocrine (2020) 68(2):368–76. doi: 10.1007/s12020-020-02232-5

2. Machens A, Lorenz K, Sekulla C, Hoppner W, Frank-Raue K, Raue F, et al.
Molecular Epidemiology of Multiple Endocrine Neoplasia 2: Implications for
RET Screening in the NewMillenium. Eur J Endocrinol (2013) 168(3):307–14.
doi: 10.1530/EJE-12-0919

3. McDonnell JE, Gild ML, Clifton-Bligh RJ, Robinson BG. Multiple Endocrine
Neoplasia: AnUpdate. InternalMed J (2019) 49(8):954–61. doi: 10.1111/imj.14394

4. Kiernan CM, Grubbs EG. Surgical Management of Multiple Endocrine
Neoplasia 1 and Multiple Endocrine Neoplasia 2. Surg Clinics North
America (2019) 99(4):693–709. doi: 10.1016/j.suc.2019.04.015

5. Al-Salameh A, Baudry C, Cohen R. Update on Multiple Endocrine Neoplasia
Type 1 and 2. Presse medicale (Paris France: 1983) (2018) 47(9):722–31.
doi: 10.1016/j.lpm.2018.03.005

6. Wells SAJr., Pacini F, Robinson BG, Santoro M. Multiple Endocrine
Neoplasia Type 2 and Familial Medullary Thyroid Carcinoma: An Update.
J Clin Endocrinol Metab (2013) 98(8):3149–64. doi: 10.1210/jc.2013-1204

7. Wells SAJr., Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al. Revised
American Thyroid Association Guidelines for the Management of Medullary
Thyroid Carcinoma. Thyroid (2015) 25(6):567–610. doi: 10.1089/thy.2014.0335

8. Song IA, Jung HJ, Cho DS, Yun JY. Unpredicted Tachycardia and
Hypotension in a Patient With Medullary Thyroid Cancer and
Undiagnosed Pheochromocytoma: A Case Report. Korean J anesthesiol
(2009) 57(2):254–8. doi: 10.4097/kjae.2009.57.2.254

9. Myklejord DJ. Undiagnosed Pheochromocytoma: The Anesthesiologist
Nightmare. Clin Med Res (2004) 2(1):59–62. doi: 10.3121/cmr.2.1.59

10. Farrugia FA, Charalampopoulos A. Pheochromocytoma. Endocr regul (2019)
53(3):191–212. doi: 10.2478/enr-2019-0020

11. Ma L, Shen L, Zhang X, Huang Y. Predictors of Hemodynamic Instability in
Patients With Pheochromocytoma and Paraganglioma. J Surg Oncol (2020).
doi: 10.1002/jso.26079

12. Wang Y, Yu X, Huang Y. Predictive Factors for Catecholamine-Induced
Cardiomyopathy in Patients With Pheochromocytoma and Paraganglioma.
Front Endocrinol (2022) 13:853878. doi: 10.3389/fendo.2022.853878

13. Castinetti F, Qi X-P, Walz MK, Maia AL, Sansó G, Peczkowska M, et al.
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