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Predictors of Perioperative Hypertensive Crisis in Patients
With Pheochromocytoma: A Retrospective Study
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Abstract

Background: Pheochromocytoma is a rare adrenal gland tumor. The
definitive treatment is an adrenalectomy. Because of its secretory na-
ture, appropriate preoperative treatment is essential to prevent hyper-
tensive crisis (HTC) during surgery. Despite this management, HTC
is common and can cause life-threatening complications. We aimed
to study variables that may affect HTC despite preoperative manage-
ment.

Methods: In a retrospective study, among 126 medical records of
patients with adrenal tumors who were referred to Alzahra Hospital,
Isfahan, Iran, between 2013 and 2021, 52 patients who took proper
preparation for surgery were included.

Results: Analysis of these patients (aged 15 - 72 years, 30 females)
showed that 12 patients (23.1%) experienced HTC. The mean age in
the HTC group was 44.0 + 15.3 and in the non-HTC group was 45.6
+13.2 (P =0.724). Among many potential predictors, we observed in
a multivariate analysis that patients with tumors size > 33.5 mm were
at higher risk for experiencing HTC (P = 0.038, odds ratio (OR): 13.1,
confidence interval (CI): 1.26 - 135.26); taking amlodipine to help
reduce blood pressures (BPs) was another significant predictor (P =
0.05, OR: 5.1, CI: 0.97 - 56.74). Mean values of systolic BP (SBP)
and diastolic BP (DBP) before surgery in the HTC group were more,
although it was not statistically significant. Patients’ past medical his-
tory, 24-h urine metanephrine, normetanephrine, epinephrine, norepi-
nephrine, vanillymandelic acid (VMA), and surgical technique were
not significantly distributed between HTC and non-HTC patients (P
> 0.05).

Conclusion: Tumor sizes > 33.5 mm and the necessity of adminis-
tering amlodipine to control BP were predictors of HTC. Due to the
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rarity of pheochromocytoma, multicenter studies with larger sample
sizes for providing more reliable results are suggested.

Keywords: Pheochromocytoma; Tumor size; Blood pressure; Phe-
noxybenzamine; Hypertensive crisis; Amlodipine; Hematology

Introduction

Pheochromocytoma, a rare catecholamine-producing neuroen-
docrine tumor (with an incidence of 0.8 per 100,000 persons
per year in the general population) which originates from the
medulla part of the adrenal gland, is associated with high
morbidity and mortality when left untreated. It can either be
unilateral or bilateral [1-4]. Symptoms include cardiovascu-
lar complications such as hypertension, palpitation, hyper-
glycemia, decreased intravascular volume [5, 6], headaches,
diaphoresis and in more severe cases, a life-threatening crisis
that manifests itself as encephalopathy (caused by high blood
pressure (BP)), symptoms of neurological deficits and loss of
consciousness, metabolic acidosis, and eventually death [7-9].

The approach to diagnosis and surgical treatment is well
known, but preoperative management is still diverse [10].
Complete surgical excision is the definitive treatment of pheo-
chromocytoma [11]. Because of its secretory nature, preopera-
tive treatment of patients with pheochromocytoma is essential
to prevent perioperative hemodynamic instability [12, 13].
During the surgery, catecholamines may be released by the tu-
mor and cause hypertensive crisis (HTC), cardiac arrhythmias,
cerebrovascular accidents, myocardial infarction or ischemia,
pulmonary edema, and organ failure. Therefore, preparation
before surgery is very important to reduce the risk of complica-
tions too [14-17].

Recommendations suggest pretreatment with an o-
adrenergic receptor blocker to minimize the vasoconstric-
tive effects of catecholamines [8, 18]. Phenoxybenzamine
(PhB) was approved by the US Food and Drug Administra-
tion in 1953 to be used in HTC, especially in patients with
high levels of epinephrine and norepinephrine-secreting tu-
mors, including pheochromocytoma. It binds covalently to
a-adrenergic receptors, which inhibits these receptors in a
non-competitive, long-term manner [19]. This drug is the
preferred and the first-choice drug used to prepare patients
before adrenalectomy in many medical centers (in compari-
son to selective a-1-adrenergic blocking agents (e.g., prazos-
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in, terazosin, or doxazosin)). After the adequate a-adrenergic
blockade, a B-adrenergic blockade is initiated usually 2 - 3
days before surgery. The B-adrenergic blocker should never
be started first because blockade of peripheral B-adrenergic
receptors without a-adrenergic receptor block can cause a
further elevation in BP. Calcium channel blockers are the
second drug in managing these patients [10, 20, 21]. On the
second or third day of the a-adrenergic blockade, patients are
encouraged to start a diet of high sodium content (> 5,000
mg daily) because of the catecholamine-induced volume
contraction and the orthostasis associated with a-adrenergic
blockade [21].

Patients are prepared for the surgery when BP is < 120/80
mm Hg (seated), with systolic blood pressure (SBP) > 90 mm
Hg (standing) [21, 22]. There are differing opinions about the
required PhB dose before surgery. Some references suggest that
with sitting BP < 130/80 mm Hg and standing SBP > 90 mm Hg
and a heart rate range of 60 - 80 beats/min, the patient is ready
for adrenalectomy [18]. Some references suggest BP < 160/90
mm Hg, recommending 0.5 to 4 mg/kg dosing of PhB [23].

Despite proper preoperative preparation, HTC is unpredict-
able and common during pheochromocytoma resection. Recent
studies have shown predictive values for HTC during surgery
but the results are conflicting. They have shown that higher cat-
echolamine levels, large tumors, a-blocker type, hydration sta-
tus, and procedure type (open vs. laparoscopic) may be associ-
ated with this condition [4, 22, 24-26]. HTC is a stressful event
during surgery because of its probable side effects mentioned
earlier. Therefore, this study examines our center’s experience
with pheochromocytoma resection in an attempt to identify pa-
tient/tumor-related factors predictive of HTC during surgery.

Materials and Methods

Patients and setting

After institutional ethics approval was obtained (ethical code:
IR.MULMED.REC.1399.477, scientific code: 399417), a ret-
rospective single-center study was done. The study was con-
ducted in compliance with the ethical standards of the respon-
sible institution on human subjects as well as with the Helsinki
Declaration. Data were reviewed from patients who were sus-
pected of pheochromocytoma between March 2013 and Octo-
ber 2021, in the Alzahra Hospital affiliated with Isfahan Uni-
versity of Medical Sciences, Isfahan, Iran. The diagnosis was
established by an increase in 24-h urine catecholamines more
than two times of upper limit of the normal range or metane-
phrine > 900 pg or 24-h urine metanephrine more than 400 pg/
day and localizing the tumor in imaging data [23, 27]. Patients
with pheochromocytoma who underwent adrenalectomy with
appropriate preparation for the surgery were included. As the
main treatment is done with a-blockers, we included cases who
were prepared with PhB for this procedure.

Among 126 medical records of patients with adrenal tu-
mors, 74 patients’ records were excluded from this study be-
cause of indeterminate dose of PhB (two cases), no PhB be-
ing administered (14 cases, three of whom were suspected
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of pheochromocytoma and 11 were diagnosed with another
disease), no adrenalectomy being done (eight cases), pheo-
chromocytoma being ruled out (27 cases) and having missing
data (23 cases). Important data which are worth mentioning
include four cases diagnosed as aldosteronoma, 21 cases with
Cushing syndrome, and two cases with myelolipoma. We also
found three cases with neurofibromatosis and three cases with
multiple endocrine neoplasia type 2 (MEN2). Finally, 52 pa-
tients who were diagnosed with pheochromocytoma (based on
catecholamine levels, imaging, and clinical presentation) and
underwent surgery with PhB preparation were included in the
study.

Preoperative management of patients

We found out that patients diagnosed or strongly suspected of
pheochromocytoma received pharmacological preparation for
more than 10 days in most cases. All 52 patients received PhB,
as the principal drug for preoperative BP control. Some pa-
tients received prazosin too (a competitive a-adrenergic recep-
tor blocker). A B-adrenergic receptor antagonist (metoprolol or
propranolol) was also prescribed for most patients 2 - 3 days
before surgery. Angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin receptor blockers (ARBs) and amlodi-
pine (a calcium channel blocker) were added for more hemo-
dynamic control, if necessary. A high-salt diet and increasing
daily fluid intake were administered to prevent hypovolemia
(on the second or third day of the a-adrenergic blockade). Pa-
tients were prepared for the surgery when BP was less than
120/80 mm Hg (seated), with SBP greater than 90 mm Hg
(standing); both targets were modified based on age and co-
morbid diseases [21, 22].

Data collection

All data were obtained from either electronic or paper medi-
cal records. Basic demographic and clinical characteristics of
patients included age, gender, past medical history, and pheo-
chromocytoma-associated conditions (diabetes mellitus, hyper-
tension, hypothyroidism, neurofibromatosis, MEN2, ischemic
heart disease and previous history of pheochromocytoma).

Preoperative data included: clinical presentation recorded
in patients’ medical records (palpitation, headache, increased
BP, dyspnea, and abdominal pain) and the duration of these
presentations, tumor size and localization (size, left or right
or both-sided which were evaluated by abdominal magnetic
resonance imaging (MRI), computed tomography (CT) scan
or sonography), preoperative 24-h urine catecholamine levels
(which were recorded as a level of 24-h urine metanephrine,
normetanephrine, epinephrine, norepinephrine, and vanilly-
mandelic acid (VMA)), preoperative medications, PhB cumu-
lative dose taken in mg and dose taken per day in mg/day, days
before surgery that PhB was administered and normal saline
serum administered or not, BP on admission and right before
surgery detected in the operating room.

Preoperative medications included prazosin, propranolol,
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metoprolol, amlodipine, and ACEIs or ARBs. We recorded
prazosin, propranolol, and metoprolol in mg. About ACEISs,
ARBs and amlodipine, we just mentioned whether they were
administered or not.

The normal ranges for 24-h urine metanephrine, norme-
tanephrine, epinephrine, norepinephrine, and VMA were < 350,
<600,<10, 14 - 80, and < 13.6 pg/24 h, respectively. These are
normal ranges of detecting kits of laboratories in Isfahan.

We included the maximum tumor size that has been re-
corded by imaging reports.

Intraoperative and surgery-related data included: type of
surgery (open or laparoscopic), HTC during surgery, a hy-
potensive drug administered (we just recorded if it was pre-
scribed or not), and during surgery BP.

Postoperative data included: postoperative BP and pathol-
ogy of the tumor.

In this study, HTC during surgery was defined as an SBP
> 180 mm Hg and/or the need for hypotensive agent infusion.
Postoperative hypotension was defined as an SBP < 90 mm
Hg. Hypotension during surgery was defined as BP < 100 mm
Hg [28, 29]. It is considerable that all patients took PhB on the
morning of surgery.

We prepared the main data of all patients in Table 1.

Statistical analysis

SPSS (Statistical Package for the Social Sciences V. 16, IBM
Corporation) was used for statistical analysis. The quantitative
and categorical data were expressed as mean + standard de-
viation and frequency and percentage, respectively. Statistical
analysis was performed by Chi-squared or Fisher’s exact tests
to compare categorical variables while the Mann-Whitney U
test was used to compare continuous variables between groups.
Variables with P < 0.1 in the univariate analysis were entered
into multivariable logistic regression analysis (binary logistic
regression), and odds ratio (OR), and 95% confidence inter-
val (CI) for OR were reported. Repeated measures analysis of
variance (ANOVA) was used for evaluating and comparing
the change in BP (SBP and diastolic blood pressure (DBP)) in
each group and between two groups during admission, before,
during, and after surgery. We also used the receiver operating
characteristic (ROC) curve to examine the best cutoff value of
tumor size and reported the sensitivity, specificity, and positive
and negative predictive values (PPV, NPV) along with the area
under the curve (AUC) with a 95% CI. P <0.05 was chosen as
statistically significant.

Results

The mean age of participants was 45.2 + 13.5 years and 30
(57.7%) of the patients were women. The mean PhB cumula-
tive dose was 570.19 + 465.25 mg and the mean daily dose
was 30.34 + 27.85 mg/day. The mean time of taking PhB was
19.7 £ 16.5 days.

With doses of less than 20 mg/day, 24-h normetanephrine
mean level was 410.10 + 341.39 pg/24 h, with 20 - 35 mg/
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day, it was 799.20 + 452.71 nug/24 h and with doses more than
35 mg/day, it was 1,892.43 + 1,116.05 pg/24 h (P = 0.007).
However, mean levels of 24-h urine metanephrine, epineph-
rine, norepinephrine, and VMA were not different (P > 0.05).
With the SBPs less than 130 mm Hg, the mean dose was 26.71
+ 12.35 mg/day, and in BPs from 130 to 160 mm Hg, it was
34.61 £ 16.50 mg/day and for SBP more than 160 mm Hg,
mean dose was 42.16 + 13.16 mg/day (P = 0.039). The dose
was not different in groups of tumor sizes > 33.5 mm and tu-
mor sizes < 33.5 mm (P > 0.05).

No patient experienced hypotension during the operation
or postoperatively. There were no perioperative deaths either.

Prazosin was administered in 14 patients (26.9%). Seven
of them (50%) took it because PhB was not available at first.
When it became available, taking prazosin was stopped. It was
prescribed at least 10 days before surgery. Forty-six patients
(88.5%) took propranolol or metoprolol in preparation for the
surgery. Four (8.7%) patients took it 1 day before the surgery
and for others, it was administered at least 2 days before sur-
gery. The mean time to prescribe -blocker was 9.2 + 11.3
days. Twenty-two patients (42.3%) and 15 patients (28.8%)
took amlodipine and ACEIs/ARBs respectively before the sur-
gery. Normal saline serum was prescribed for patients to be
prepared for the operation but seven patients (13.5%) did not
take any normal saline. The mean time to prescribe normal
saline was 7.4 = 6.3 days.

Twelve patients (23.1%) experienced HTC during surgery.
There was no significant difference in terms of HTC during sur-
gery and history of ischemic heart disease, hypertension, dia-
betes mellitus, hypothyroidism, neurofibromatosis, MEN2, and
previous pheochromocytoma (P > 0.05). ROC analysis results
showed tumor sizes more than 33.5 mm differentiate signifi-
cantly in patients with HTC during surgery from non-HTC (P =
0.023, sensitivity = 91.7%, specificity = 42.5%, NPV = 94.1%,
PPV = 31.4%, AUC: 0.667, CI: 0.499 - 0.835) (Fig. 1). There
was no statistically significant difference in terms of HTC and
days to prepare patients (P = 0.447) (did have HTC: 16.5 +
9.6 days vs. did not have HTC: 20.7 + 18.0 days). We found
out that patients who had HTC during surgery had higher BPs
on all points (Figs. 2, 3). Pheochromocytoma panel (including
24-h urine metanephrine, normetanephrine, epinephrine, nor-
epinephrine, and VMA) was not different between HTC and
non-HTC groups (P > 0.05). We did not see any difference in
the side of the tumor (right, left, or bilateral) and type of surgery
between these two groups either (P > 0.05) (Table 2).

Those variables associated with HTC during surgery with
a P <0.1 (Table 2) in univariate analysis were entered in mul-
tivariable binary logistic regression. Results showed that pa-
tients with tumor sizes of more than 33.5 mm are 13.1 times
more likely to experience HTC during surgery (OR = 13.1, P
= 0.031). Patients who took amlodipine as a help to decrease
their BPs were 5.1 times (OR = 5.1, P = 0.05) more likely to
experience HTC during surgery (Table 3).

Discussion

Adrenalectomy is the recommended method to treat pheochro-
mocytoma [30-32]. The important note is that patients are at
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Figure 1. Receiver operating characteristic (ROC) curve of hypertensive crisis during surgery by tumor size reported by imaging.
The size of the tumor in mm has at least one tie between the positive actual state group and the negative actual state group. Area:

0.667, P = 0.082, 95% confidence interval: 0.499 - 0.835.

risk of hemodynamic instability before, during, and after sur-
gery [31]. Therefore, appropriate preparation for the surgery is
necessary to prevent complications [31].

In the Azahra Hospital of Isfahan, endocrinologists tend to
choose PhB to prepare the patients. It provides more preven-
tive effects by irreversible binding to receptors, more immedi-
ate effects, and a significant hypotensive effect [33]. The use
of the drug could greatly reduce intraoperative hemodynamic
instability and patient death during surgery [15].

The initial PhB dose is once to twice daily, usually 10
mg, with an increase of 10 - 20 mg in divided doses every 2
- 3 days. Most commonly, the patient is ready for the surgery
within the first 7 - 14 days after initiation of PhB. The final
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dose is most typically between 20 and 100 mg daily [34]. This
was the chosen approach to prepare the patients in the Azahra
Hospital, too.

In our center, the mean time of preoperative management
was 19.7 £ 16.5 days with a median of 14.0 days. However, re-
searchers have reported median duration of 27.4 days, 16 days,
35 days, 38.8 days, and even 14 weeks [10, 29, 35-37]. Our
study, like most previous studies, defined the duration of pre-
operative management from the time of beginning to surgery
[28, 34, 35]. We did not find any difference between this dura-
tion and the group of patients with and without hemodynamic
alteration during surgery (P = 0.601), like the studies Russel
et al, Kiernan et al and Liu et al did [36, 38, 39]. Russel et al
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Figure 2. Systolic blood pressures (SBPs) at different times in patients with and without hypertensive crisis during surgery. Mean
SBPs at different times: SBP on admission; PreOp: on the day of surgery; Operative: in the operative room during surgery;
PostOp: postoperatively. HTN: hypertension.
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Figure 3. Diastolic blood pressures (DBPs) at different times in patients with and without hypertensive crisis during surgery.
Mean DBPs at different times: DBP on admission; PreOp: on the day of surgery; Operative: in the operative room during surgery;
PostOp: postoperatively. HTN: hypertension.
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Table 2. Risk Factors of Hypertensive Crisis During Surgery

Variables HTC (N=12) No HTC (N = 40) P*
Sex 0.386
Female 6 (50.0%) 24 (60.0%)
Male 6 (50.0%) 16 (40.0%)
Age 44.0 +£15.3,43.5 (31.5-55.5) 45.60 + 13.2,47.5 (34.5 - 55) 0.724
PhB (mg) 642.5 +552.4,440.0 (170.0 - 1,025.0) 548.5 +441.5,465.0 (235.0 - 695.0) 0.545
PhB/day (mg/day) 33.6+15.8,32.4 (17.8 - 45.6) 29.3+13.8,25.9 (19.4 - 37.0) 0.362
Days PhB taken? 16.5+9.6, 11.5 (10.0 - 27.5) 20.7 +18.0, 14.5 (10.0 - 20.5) 0.447
Tumor size (imaging) 0.038
<33.5mm 1(8.3%) 17 (42.5%)
>33.5 mm 11 (91.7%) 23 (57.5%)
Tumor side 0.963
Right 6 (50.0%) 25 (62.5%)
Left 5 (41.7%) 14 (35.0%)
Bilateral 1 (8.3%) 1 (2.5%)
Pheo panel 0.470
Positive 7 (58.3%) 29 (72.5%)
Negative 4 (33.3%) 8(20.0%)
Unknown 1 (8.3%) 3 (7.5%)
Pheo panel
Metanephrine 495.0 £ 691.4, 246.0 (88.0 - 431.0) 634.7 + 830.6,241.0 (153.0 - 611.0) 0.707
Normetanephrine 1,172.8 £ 1,005.2,916.5 (293.0 - 2,044.0)  1,114.2 £ 1,044.1, 780.0 (461.0 - 1,277.0) 0.912
Epinephrine 20.0 £26.9,20.0 (1.0 - 39.0) 68.7 +£98.6, 28.9 (4.7 - 75.5) 0.508
Norepinephrine 728.7+987.4,332.0 (166.0 - 1,092.0) 523.0 + 648.9,299.9 (81.1 - 644.0) 0.638
VMA 14.1+£7.2,15.6 (15.2 - 16.43) 72.94+290.8,7.0 (4.7 -21.1) 0.659
Type of surgery 0.377
Laparoscopic 7 (58.3%) 28 (70.0%)
Open 5 (41.7%) 12 (30.0%)
Hypotensive drugb <0.001
Taken 12 (100%) 0
Not taken 0 40 (100%)
BPs
Admit
SBP 144.7 +34.2, 130.0 (122.5 - 160.0) 129.6 £20.9, 130.0 (117.5 - 138.0) 0.067
DBP 85.9+17.2, 80.0 (70.0 - 95.0) 81.0+12.3, 80.0 (70.0 - 90.1) 0.278
PreOp
SBP 137.1 £ 15.7, 135.0 (130.0 - 145.0) 128.9 +15.2, 130.0 (120.0 - 140.0) 0.111
DBP 82.8 £6.5, 80.0 (80.0 - 85.0) 80.3 +10.4, 80.0 (73.5 - 86.0) 0.584
Operative
SBP 178.3 £10.5, 180.0 (170.0 - 185.0) 125.0 £ 6.7, 125.0 (120.0 - 130.0) <0.001
DBP 105.8 +£9.2,107.5 (100.0 - 110.0) 77.1+3.9,75.0 (75.0 - 80.0) <0.001
PostOp
SBP 124.8 +15.7, 118.5 (113.5 - 135.0) 117.0 £ 16.5, 116.5 (105.5 - 128.0) 0.152
DBP 86.2 +12.6, 86.0 (76.0 - 95.0) 74.8 +£12.6,75.5 (67.0 - 84.5) 0.008
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Table 2. Risk Factors of Hypertensive Crisis During Surgery - (continued)

Variables HTC (N =12) No HTC (N = 40) pP*

Abdominal pain 0.072
Did have 4(33.3%) 4 (10.0%)
Did not have 8 (66.7%) 36 (90.0%)

B-blocker 0.576
Taken 11 (91.7%) 35 (87.5%)
Not taken 1 (8.3%) 5(12.5%)

ACEI or ARB 0.523
Taken 3 (25.0%) 12 (30.0%)
Not taken 9 (75.0%) 28 (70.0%)

Amlodipine 0.054
Taken 8 (66.7%) 14 (35.0%)
Not taken 4(33.3%) 26 (65.0%)

Normal saline 0.186
Taken 9 (75.0%) 36 (90.0%)
Not taken 3 (25.0%) 4 (10.0%)

aDays that patients took phenoxybenzamine, from the day started to the day of the surgery. PWe defined this hypotensive drug as the drug which
the patient took during HTC in surgery such as sodium nitroprusside or phentolamine. *Resulted from Mann-Whitney or independent samples t-test
for continuous and Chi-squared for categorical data. Data are presented as mean + standard deviation, and median interquartile range (first quartile
- third quartile) for continuous and frequency (percentage) for categorical data. P < 0.05 is statistically significant. HTC: hypertensive crisis; PhB:
phenoxybenzamine; Pheo: pheochromocytoma; VMA: vanillymandelic acid; BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood
pressure; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker.

reviewed 14 patients’ data who underwent adrenalectomy in
a retrospective study from 1980 to 1993 and concluded that
longer treatment with PhB cannot cause better perioperative
BP stability [38]. In Liu et al’s study, a total of 253 patients
were grouped according to their tumor diameter: diameters of
> 8 cm, 6 to 8 cm, and < 6 cm. They showed that there was
no difference in the time of preparation for these three groups
of patients [39]. It suggests that spending long days preparing

Table 3. Logistic Regression Analysis for Predicting HTC Dur-
ing Surgery

Factor OR 95% CI for OR P
Tumor size (imaging) 1.26 - 135.26 0.031
<33.5 mm 1
>33.5 mm 13.06
Abdominal pain 0.58 - 25.05 0.165
Did not have 1
Did have 3.81
Admission SBP 1.02 0.98 - 1.06 0.269
Amlodipine 0.97 - 56.74 0.05
Not taken 1
Taken 5.09

Variables with a P < 0.1 in univariate analysis were included in the mul-
tivariate logistic regression. Data are shown as odds ratios (ORs) with
95% confidence intervals (Cls). HTC: hypertensive crisis; SBP: systolic
blood pressure.
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patients for surgery is not necessary and helpful [36, 38, 39].
We should mention that all these studies used imaging reports
to do analyses on tumor size.

In a study, the mean PhB dose was 29.4 (20 - 40) mg/day
[37]. In this study, Tian et al studied 102 patients’ data who
were diagnosed with pheochromocytoma and received surgi-
cal treatment from 2001 to 2018 in China. They took PhB from
admission in the hospital and they mentioned this mean dose. It
was close to our study with a mean dose of 30.34 + 14.22 mg/
day (P=0.635). There was no difference in PhB dose between
groups of tumor size or groups of patients with and without
hemodynamic instability during surgery in their study. In some
other studies, mean doses were 55.0 = 22.2 and 40 + 23 mg/
day [29, 40]. There was no difference in PhB dose between
tumor sizes > 33.5 mm and tumor sizes < 33.5 mm groups in
our study (P > 0.05). In Liu et al’s study, larger tumors needed
more PhB dose [39]. Because pheochromocytoma is a rare
disease and most studies are retrospective, we do not know if
determining the dose of the drug to prepare patients depends
solely on measuring BP or if some endocrinologists prefer to
prescribe higher doses of PhB for larger tumors. They increase
the dose of the drug until it is tolerable. Therefore, perhaps
comparing the dose of the drug between different studies only
indicates the prescriptions of each physician according to his/
her experiences.

We also found that patients with admitted SBPs of more
than 130 mm Hg needed more doses of PhB. A study, that
Miahi and colleagues did in 2008, showed that there was no
correlation between this variable and the dose of PhB [29].
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Their study was a retrospective review of 60 patients with
pheochromocytoma who underwent adrenalectomy after adr-
energic blockade using a standardized protocol between 1998
and 2007. Therefore, we suggest a new item to pay attention
to managing pheochromocytoma. However, more studies are
needed to confirm this finding.

We noticed that patients with higher levels of 24-h urine
normetanephrine needed more PhB. In the study that Mihai et
al did [29], there was no significant correlation between the
dose of PhB and levels of 24-h urine normetanephrine. Maybe
this metabolite could be a predictor of more PhB needed to
prepare patients for the surgery.

We also found that with more 24-h urine metanephrine lev-
els, a bigger tumor can be expected, like the study Carr et al did
[41]. They studied 70 patients’ data retrospectively and con-
cluded that urine normetanephrine, metanephrine, and norepi-
nephrine levels were correlated with bigger sizes of the tumor.

Our study showed that despite adequate treatment with
PhB and other prescriptions before surgery, HTC was not un-
common (12 patients (23.1%)). Therefore, it is of great impor-
tance to see why patients experienced HTC during adrenalec-
tomy despite this management.

In our study, larger tumors resulted in a significant increase
in the HTC during surgery (a larger maximal diameter of > 33.5
mm reported by imaging, P = 0.023). It was consistent with
other studies [22, 36, 42-45]. However, HTC during the opera-
tion was not correlated with catecholamine levels alone. This
may suggest that the intraoperative manipulation of larger tu-
mors causes a release of larger amounts of catecholamines than
are recorded at baseline, which is consistent with Kiernan et
al’s conclusion of their study [36]. In another study, Bruynzeel
et al analyzed data from 73 patients who underwent operation
from 1995 to 2007 in a retrospective pattern. They concluded
that larger tumor size is a risk factor for hemodynamic insta-
bility during surgery (> 4 cm, r = 0.27, P < 0.05) [22]. In a
retrospective study that Scholten and colleagues did, 61 pheo-
chromocytoma resections between 2000 and 2010 were done.
They concluded that tumor size is an independent risk factor for
HTC during surgery (>3 cm, r=0.39, P =0.002) [44].

There was no difference in the type of surgery between
groups of patients with and without HTC during surgery. It
is consistent with Davies et al’s study [46]. They compared
24 patients’ data, in which 12 patients underwent open and 12
patients underwent laparoscopic surgery. They concluded that
there was no statistically significant difference between the
two groups. However, Kiernan and colleagues studied 91 pa-
tients’ records and concluded that open surgery was associated
with HTC during surgery [36].

As mentioned earlier, we had 12 patients with HTC during
surgery. Four of them (33.3%) received PhB less than 20 mg/
day. All of them had our criteria of preparation for the surgery
but six of them (50%) had them right before surgery with SBP
> 130 mm Hg. For four patients, we could not find a reason.
However, three of them (75%) had tumor sizes greater than 50
mm. The other one’s tumor size was 34 mm. It is considerable
that all 52 patients were prepared and then were sent to the
operating room and these BPs before surgery were detected by
anesthesiologists.

As mentioned above, all BPs before surgery in patients
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with HTC were greater than in patients without this crisis. A
study that Buitenwerf et al did showed that a preoperative SBP
< 130 mm Hg is associated with less hemodynamic instabil-
ity during surgery [47]. They did a randomized controlled
trial from 2012 to 2017 in the Netherlands on a total of 144
patients and concluded this result about preoperative SBP but
they did not mention SBP on admission. It shows that maybe
lowering these BPs could help prevent HTC during surgery.
So increased dose of PhB to decrease these BPs to SBPs < 130
mm Hg can be a significant predictor of improved intraopera-
tive hemodynamic stability. This conclusion is parallel with
the study which Livingstone et al did [8]. They reviewed 100
pheochromocytoma resections from 1992 to 2013 and con-
cluded that increased preoperative doses of PhB over the last
10 years of practice have likely contributed to the improve-
ments in perioperative outcomes.

This issue that taking anti-hypertensive drugs aside from
a- and B-blockers, including ACEIs and ARBs or amlodipine,
could predict an HTC during surgery was analyzed. We found
that patients taking amlodipine to control BP were at more risk
for HTC during surgery. Amlodipine, a long-acting calcium
channel blocker, is mainly used to supplement a-blockers in
patients with poor BP control, to obviate the need of increasing
the dosage of a-blockers, to replace a-blockers when causing
severe side effects, and to prevent a-blocker-induced sustained
hypotension in patients with only intermittent hypertension.
Calcium channel blockers do not cause hypotension or orthos-
tatic hypotension when a patient is normotensive [20]. We did
not find a study to focus on this variable. We suggest more
clinical trial studies to evaluate this drug and its effect on HTC
during surgery but our recommendation is to reduce the use of
amlodipine and instead, more a-blockers be used as possible as
they can be used while preparing the patients for adrenalecto-
my and more hydration and high sodium diet be administered
to prevent probable hypotension of patients.

There were several limitations in our study. First, this was
a retrospective study spanning 9 years and any retrospective
study is limited by the quality and inaccuracy of data reporting.
Second, the analysis of HTC during surgery was limited by the
small number of patients who experienced this crisis during
surgery (12 patients, 23.1%). Third, it is the fact that it was
a single-center study. Fourth, because of incomplete data re-
cording, we could not record patients’ body mass index (BMI)
and therefore, it may have affected some of our data analyses.
Finally, our center was a COVID-19 referral center when the
epidemic started, so most surgeries could not be done, which
caused a limitation in the sample of our study.

Despite these limitations, we could find some analyses that
few studies had mentioned, like taking amlodipine and its pre-
dictor value of HTC during surgery. One of the strengths of the
study was the relatively good number of patients. Also, it is
worth mentioning that this study is the only study that is done
in Iran, and therefore its data can be helpful for the next studies.

Conclusion

This study shows that for patients with tumor sizes of > 33.5
mm, it is more probable to cause HTC during surgery. So prob-
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ably the nature of the tumor has something to do with catecho-
lamine secreting process. Patients taking amlodipine to control
BP were at more risk for HTC during surgery, too. More stud-
ies are needed to evaluate this issue but our recommendation is
to reduce the use of amlodipine and instead, more PhB be used
as much possible as it can be used while preparing the patients.

Also, all SBPs before surgery in patients with HTC were
greater than in patients without HTC. It shows that maybe
lowering these SBPs could help prevent HTC during surgery.
Therefore, increasing doses of PhB to decrease the SBPs to <
130 mm Hg can be a significant predictor of improved intraop-
erative hemodynamic stability.
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