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Abstract: Objective: To investigate methods for improving the preoperative management of patients with pheochro-
mocytoma. Methods: We collected 155 cases diagnosed as adrenal pheochromocytoma and with hypertension.
During preoperative preparation, 85 patients had antihypertensive therapy by using the selective al-blocker doxa-
zosin controlled-release tablets; 70 patients was controlled by using the nonselective a-blocker phenoxybenzamine;
All 155 patients underwent qualitative diagnosis by determination of 24-hour urinary vanilmandelic acid (VMA) or
[*C]meta-hydroxyephedrine (mHED) positron emission tomography computed tomography (PET-CT) and underwent
computed tomography (CT) for tumor localization; Results: In doxazosin group, with the exception of two patients
who had radical fluctuations in blood pressure during surgery, other patients showed a smooth blood pressure
control during surgery. No hypertensive crisis and hypotensive shock appeared after surgery. In phenoxybenza-
mine group, ten patients had sharp fluctuations in blood pressure during surgery, and no hypertensive crisis and
hypotensive shock appeared after surgery. Conclusion: Compared with phenoxybenzamine, doxazosin has minimal
adverse reactions, with high security as a preoperative preparation for adrenal pheochromocytoma, and it is easy
to be taken. MHED PET-CT examination has a clear diagnostic value for patients with normal 24-hour urinary VMA.
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Introduction Materials and methods

Currently, the qualitative and localization diag-
nosis of adrenal pheochromocytoma is relative-
ly mature. However, preoperative management
methods are more diverse, and there is a no
clear and unified solution. Today, the develop-

Statement: (1) informed consent was obtained
from each patient included in the study. (2) the
study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki.

ment of new drugs, improvement of anesthetic
techniques and enhancement of intraoperative
monitor methods provide new conveniences for
the preoperative management of patients with
adrenal pheochromocytoma. To minimize
adverse reactions of drugs, increase surgical
safety, reduce patient costs and the occur-
rence of various complications, from 2009 to
2014, doxazosin and phenoxybenzamine were
adopted as preoperative antihypertensive
drugs for 85 and 70 patients with adrenal
pheochromocytoma, respectively in our depart-
ment, and were used as postoperative antihy-
pertensive drugs, as reported below.

Clinical data

Blood pressure of patients in two groups were
150-180/90-120 mmHg (1 mmHg = 0.133
Kpa). They were randomly divided into 2 groups.
Doxazosin group had 85 patients, including 50
males and 35 females, aged from 22 to 60
years. Their mean age was 38 years. Fifty-five
patients showed tumors in the left adrenal
gland, and 30 showed tumors in the right adre-
nal gland. Sixty-one patients were treated
because of hypertension but no symptoms, and
24 patients were treated because of paroxys-
mal dizziness and headache. The 24-hour uri-
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Table 1. The clinical data of two groups of patients

Doxazosin ~ Phenoxybenzamine

(n=85) (n=70)
male/female 50/35 70/30
average age (years) 38 40
left/right 55/30 39/31
hypertesion/paroxysmal dizzy 61/24 49/21
VMA abnormal/normal 70/15 51/19
1.5CM<D<3CM 65 60
3CM<D<5CM 9 6
5CM<D<7CM 6 4
laparoscopic/open surgery 80/5 66/4

D: diameter of tumor.

Table 2. The required drug doses and respective number and propor-
tion of patients for preoperative blood pressure control target: 125-
150/80-100 mmHg

Doxazosin (n = 85) Phenoxybenzamine (n = 70)

4mgQd 8mgQd 5mgQd 5mgBid 5mgTid
Number 80 5 5 27 38
Proportion 94% 6% 7% 39% 54%

Table 3. The adverse drug reaction and respective number and propor-
tion of patients for preoperative blood pressure control target: 125-
150/80-100 mmHg

Doxazosin (n = 85) Phenoxybenzamine (n = 70)

4mgQd 8mgQd 5mgQd 5mgBid 5mgTid

orthostatic hypotension 0 2 2 2 3
dizzy 2 1 1 3 6
palpitation 2 0 1 2 4
tachycardia 3 1 1 2 5
thirst 0 1 0 3 3
rhinobyon 0 0 0 3 4
gastrointestinal discomfort 1 0 0 2 2
total cases 10 (11.8%) 49 (70%)

nary VMA of 70 patients were increased (20.0-
64.8 mg/24 h), and that of 15 patients were in
the normal range. CT showed tumor diameter of
65 patients was 1.5-3 cm, that of 9 patients
was 3-5 cm, and that of 6 patients was larger
than 5 cm. Eighty patients underwent laparo-
scopic surgery, and five patients underwent
open surgery. Phenoxybenzamine group had 70
patients, inclusing 40 males and 30 females,
aged from 25 to 59 years. Their mean age was
40 years. Thirty-nine patients showed tumors
in the left adrenal gland, and 31 showed tumors
in the right adrenal gland. Forty-nine patients

mmHg.

were treated because of
hypertension, and 21 pa-
tients were treated be-
cause of paroxysmal dizzi-
ness and headache. The
24-hour urinary VMA of
51 patients were elevated
(20.0-64.8 mg/24 h), and
that of 19 patients were
in the normal range. CT
showed tumor diameter
of 60 patients was 1.5-3
cm, that of 6 patients was
3-5 cm, and that of 4
patients was 5-7 cm.
Seventy-seven  patients
underwent laparoscopic
surgery, and three under-
went open surgery (Table
1). Preoperative general
conditions of patients in
two groups (American
Association of Anesthe-
tists ASA) were assessed
as ASA I-Il grade. Heart,
lung, liver and Kkidney
function as well as coagu-
lation function were nor-
mal, blood routine exami-
nation was normal. Using
combined intravenous in-
halation anesthesia, he-
art rate, systolic blood
pressure (SBP), diastolic
blood pressure (DBP),
mean arterial pressure
and blood oxygen satura-
tion were monitored dur-
ing surgery. Preoperative
control target of all

patients’ blood pressure is 125-150/80-100

Improvement methods

In doxazosin group, the initial dose was 4 mg
Qd. If the blood pressure is poorly controlled, it
can be increased to 8 mg Qd (one time a day).
In phenoxybenzamine group, the initial dose
was 5 mg Qd. If the blood pressure did not
reach the target, then dose was increased to 5
mg Bid (twice a day); and if failed again then
changed to 5 mg Tid (three times a day). The
preoperative blood pressure of all patients was
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Figure 1. Images from a patient with right adrenal pheochromocytoma. A. Computed tomography (CT) scan dem-
onstrates a clear right adrenal mass and a normal left adrenal mass. B. MHED PET scans show more prominent

abnormal uptake in right adrenal mass.

Table 4. Respective number and proportion of intraoperative patients with 2

Statistical analysis

drugs in different fluctuation range of systolic blood pressure (mmHg)

>200 or < 100

160~200 100~160

Data were analyzed

Doxazosin (n = 85)
Phenoxybenzamine (n = 70)

2/85 (2%)
10/70 (14%)

4/85 (5%)
8/70 (11%)

with GraphPad Pri-

79/85 (93%)
sm vb.0, and the

52/70 (74%)

Table 5. Respective number and proportion of postoperative patients with
2 drugs in different fluctuation range of systolic/diastolic blood pressure

(mmHg)

significance  level
was set at P<0.05.
The results in Tables
2-5 were compared
between doxazosin

120-140/80-90 140-150/90-100 150-160/100-110

group and phenoxy-

Doxazosin (n = 85) 70/85 (82%)
Phenoxybenzamine (n =70) 59/70 (84%)

11/85 (13%)
7/70 (10%)

benzamine  group
with  Mean  with
SEM.

4/85 (5%)
4/70 (6%)

controlled in the range required for surgery
(Table 2), and recorded adverse drug reactions
with different drug dose (Table 3). MHED PET-
CT assistant qualitative diagnosis was conduct-
ed on patients with normal 24-hour urinary
VMA. In doxazosin group, 13 of fifteen patients
with normal VMA underwent mHED PET-CT, and
in phenoxybenzamine group, 14 of nineteen
patients with normal VMA had mHED PET-CT
examination.

As a result, lesions showed tracer concentra-
tion phenomenon, whereas the adrenal on the
healthy side presented no tracer concentration
(Figure 1), being consistent with postoperative
pathology.
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Results

In doxazosin group, 80 patients underwent lap-
aroscopic surgery, and 5 patients underwent
open surgery, among them, 4 patients pre-
ferred open surgery because of the large tumor,
and 1 patient was transferred for open surgery
because of intraoperative bleeding. 66 patients
in phenoxybesnzamine group underwent lapa-
roscopic surgery, 4 patients preferred open sur-
gery because of the large tumor. Dramatic fluc-
tuations in blood pressure appeared in 2 and
10 patients in two groups, respectively, blood
pressure control in the remaining patients was
relatively stable (Table 4), no hypertensive cri-
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Figure 2. Comparison between doxazosin group and phenoxybenzamine group (A-D).

sis and hypotensive shock presented after sur-
gery (Table 5). For other adverse reactions,
symptomatic treatments were given such as
B-blocker metoprolol given for controlling
tachycardia.

Discussion

Surgical excision is the most effective method
for the treatment of pheochromocytoma.
Pheochromocytoma has pathophysiological
characteristics of low blood volume and hyper-
tension, and high blood concentrations of cat-
echolamine can lead to catecholamine cardio-
myopathy. Therefore, hypertension control and
improvement of blood vessel capacity are
extremely important for improving surgical
safety before surgery. Previously, we has used
the non-selective a2-receptor blocker phenoxy-
benzamine as the drug to control hypertension
and improve blood vessel capacity before sur-
gery [1], but at least two negative factors pres-
ent by using phenoxybenzamine: (@
[32-receptors lose counteraction after the com-
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plete blocking of a2-receptor, easily inducing
arrhythmias under the effect of high concentra-
tions of catecholamines in the blood circulation
[2, 3]. @ After surgical resection of the tumor,
persistent hypotension may occur due to vas-
cular tension failure [4, 5], and because of the
pharmacokinetic characteristics of phenoxy-
benzamine itself, patients can still produce a
variety of adverse reactions after taking the
drug. In view of this, some scholars [6, 7]
applied selective al-receptor blocker doxazo-
sin controlled-release tablets for the preopera-
tive preparation of patients with pheochromo-
cytoma and found adverse reactions of the
drug showed a low incidence, mild symptoms
and short duration. The study of Conzo G et al
[8] found that compared with patients using
non-selective a2-receptor blockers, intraopera-
tive hemodynamic changes were more stable in
those using doxazosin [9]. The data of doxazo-
sin group show that, with the exception of 2
patients (2%) whose intraoperative SBP was
sharply increased over 200 mmHg or dropped
below 100 mmHg for a while, intraoperative
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blood pressure of the other patients was
smoothly controlled, no hypotensive shock pre-
sented after surgery, whereas 10 patients
(14%) using phenoxybenzamine showed radical
fluctuations. Patients (5%) whose SBP was fluc-
tuated to 100-160 mmHg were also significant-
ly less than those in phenoxybenzamine group
(11%) (Figure 2C, P<0.05). But no significant
difference (Figure 2D, P>0.05) could be found
in fluctuations of postoperative blood pressure,
which may due to the complete removal of the
tumor or improvements in postoperative man-
agement, lacking a support of evidence-based
medicine. 11.8% of patients in doxazosin group
have adverse drug reactions, which is signifi-
cantly less than 70% of those in phenoxybenza-
mine group (Figure 2A, P<0.05). 94% of
patients with doxazosin could reach the control
target by single dose, but almost 93% of
patients with phenoxybenzamine need drug
administration 2 or 3 times per day. It shows
the application of doxazosin for the preopera-
tive preparation of adrenal pheochromocytoma
can stabilize blood pressure, reduce fluctuation
range and has higher security, patients need
only a single daily dose of medication and their
compliance is better (Figure 2B). However,
there are also some shortcomings in this study:
First, we have not collected all patients with
pheochromocytoma, including sporadic tumor,
ectopic pheochromocytoma, huge pheochro-
mocytoma (diameter >7 cm) and elderly
patients (age >60), because these patients
show a small proportion, are not typical and
have complex disease conditions. Second, only
the fluctuation range of the intraoperative SBP
was compared, while DBP was not compared.
In addition, different anesthesia may also gen-
erate different results, so large-scale compara-
tive studies need to be conducted. On the other
hand, we conducted mHED PET-CT assistant
qualitative diagnosis on patients with normal
24-hour urinary VMA in the study. As we all
know, in the past qualitative diagnosis of pheo-
chromocytoma, 24-hour urinary VMA, 24-hour
urinary catecholamine (CA), plasma free meta-
nephrines (MN) and methoxy norepinephrine
(NMN) are often measured. But only 24-hour
urinary VMA can be detected in many hospitals,
including our hospital. Although the specificity
of the method is up to 95% [10], the false-neg-
ative rate can reach 25% [11], often resulting in
the incapability of accurate preoperative diag-
nosis. Therefore, we performed mHED PET-CT

5545

examination on most patients with normal
VMA. As a result, lesions showed tracer con-
centration phenomenon, whereas the normal
adrenal presented no tracer concentration,
being consistent with postoperative pathology.
This demonstrate that the method is feasible.
However, its reliability could not yet been con-
firmed in all patients due to the limitations of
collected patients, requiring further multicenter
studies.
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