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INTRODUCTION

Pheochromocytoma is a tumor of  the catecholamine-
producing cells of  the adrenal medulla. The unregulated 
secretion of  catecholamines can cause hypertension, 
palpitations, and headaches. Patients with pheochromocytoma 
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may develop myocardial infarction, cerebral vascular 
accidents, acute renal failure, and in rare cases acute 
respiratory distress syndrome [1].

Most patients diagnosed with pheochromocytoma 
will require surgical resection of  the adrenal gland [2,3]. 
Historically, the surgical mortality rate for patients 
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with pheochromocytoma has been high owing to a lack 
of  adequate monitoring for hypertensive crises [4-6]. 
However, improvements in preoperative management 
and in surgical and anesthetic techniques have led to 
decreases in perioperative mortality for patients undergoing 
surgical resection for pheochromocytoma [7,8]. The recent 
development of and widespread experience with techniques 
involving a laparoscopic approach have resulted in the 
establishment of  laparoscopic adrenalectomy as the 
standard treatment for adrenal tumors [9-12]. Despite 
the aforementioned advances, however, intraoperative 
hypertensive crises continue to occur.

Accordingly, in the present study, we performed a 
retrospective evaluation of the risk factors for hypertensive 
attack during adrenalectomy for pheochromocytoma.

MATERIALS AND METHODS

We retrospectively analyzed 53 consecutive patients 
with pheochromocytoma who underwent unilateral 
adrenalectomy (either open or laparoscopic) from January 
2000 to June 2012 at Kyungpook National Uriversity 
Medical Center. Patients were divided into 2 groups 
depending on the presence or absence of hypertensive attack 
at the time of surgery. The surgical approach in each case 
was based on the preferences of both the patient and the 
surgeons. Surgery was performed by an experienced surgeon 
in all cases. The choice of surgical procedure was based on 
referrals and surgeon preference.

The diagnosis of  pheochromocytoma was based on 
clinical manifestations, levels of plasma catecholamines and 
urine methoxylated derivatives, and computed tomography 
or nuclear magnetic resonance imaging findings. Patients 
diagnosed with pheochromocytoma and administered the 
antihypertensive drug doxazosin for at least 2 weeks before 
adrenalectomy to achieve normalization of blood pressure 
irrespective of previous hypertension history were included 
in the study. Adequate pretreatment was defined by a target 
blood pressure of 130/85 mmHg [13].

Intraoperatively, systolic and diastolic arterial blood 
pressure and heart rate values were automatically, con
tinuously, and digitally recorded by invasive measurement 
through an arterial line in the radial artery. Central venous 
pressure was monitored in all patients. Systolic arterial 
pressure (SAP)>160 mmHg was treated with intravenous 
boluses of nicardipine 2–4 mg to maintain SAP between 120 
and 160 mmHg. Intravenous boluses of esmolol 1–1.5 mg/kg 
were used if the heart rate exceeded 100 beats/min. 

Laparoscopic adrenalectomy was performed by an 

anterior transperitoneal approach in all cases. Pneumoperi
toneum was achieved by using a Veress needle, and three or 
four ports were inserted into the abdominal cavity with the 
patient in the semilateral position. For a left adrenal tumor, 
the phrenocolic ligament was incised and the peritoneal 
incision was extended transversely beside the transverse 
colon and vertically along the spleen and descending colon. 
The next step was lateral dissection of the spleen. Dissection 
was continued up to the diaphragm close to the greater 
curvature of the stomach. After the spleen was completely 
mobilized, it fell away medially and opened the approach 
to the adrenal gland. After reflecting the colon, the adrenal 
vein was dissected out and transected. On the right side, a 
wide incision of the peritoneum was made and the right 
hepatic triangular ligament was mobilized. Dissection 
continued up to the diaphragm, allowing more effective 
medial retraction of the liver. After the adrenal gland was 
dissected, the adrenal vein was transected. The lower pole of 
the gland was lifted, and the several small arteries and veins 
in this region were dissected. The lateral side of the adrenal 
gland was then separated from the perinephric fat, followed 
by separation of the upper pole from the diaphragm in the 
same way. The upper medial part of the adrenal gland was 
separated from the surrounding structures. All procedures 
were performed without touching the adrenal mass if 
possible.

Open adrenalectomy was performed through either 
a flank or a subcostal incision. Subcutaneous tissue and 
abdominal muscle were dissected and divided. After blunt 
dissection of  the pararenal space, the peritoneum was 
incised, and the posterior peritoneum and Gerota's fascia 
were divided. On approach to the adrenal vein area, the 
adrenal vein was ligated and cut, and then the adrenal 
gland was dissected. All procedures were performed without 
touching the adrenal mass if possible.

Demographic characteristics of  the patients and pre
operative evaluations were assessed for their prognostic 
relevance for intraoperative hemodynamic fluctuation. The 
variables considered were age, sex, body mass index (BMI), 
the presence or absence of symptoms, American Society of 
Anesthesiologists (ASA) score, underlying disease, tumor 
laterality, mean tumor size, surgical approach, treatment 
with antihypertensive medication, and mean duration 
of  hypertension. Both preoperative blood pressure and 
hormonal status were evaluated as risk factors.

Hypertension was defined as a systolic blood pressure>140 
mmHg or a diastolic blood pressure>90 mmHg. Hypertensive 
attack was defined as a systolic blood pressure>180 mmHg 
at any time during surgery. Postoperative hypertension 
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was assessed approximately 1 to 2 weeks after surgery, 
and fractionated catecholamines and metanephrines were 
measured by collection of a 24-hour urine specimen.

Statistical analyses were conducted to determine the 
prognostic relevance of preoperative factors for hypertensive 
attack. Continuous variables were compared by using 
independent Student t-tests, and categorical variables 
were assessed by use of  chi-square tests. A multivariate 
logistic regression analysis was conducted to determine the 
independent risk factors affecting hypertensive attack, and 
receiver operating characteristic curve analyses were used 
to confirm the predictive value of the identified factors. 
All p-values were two-sided, and a value of  p<0.05 was 
considered significant. Analyses were conducted by using 
IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS

Of the 53 patients diagnosed with pheochromocytoma, 28 

were men and 25 were women. The patients’ mean age was 
47.5 years. The tumor affected the right and the left adrenal 
gland in 24 and 29 patients, respectively. The mean tumor 
size was 5.6 cm and the mean patient BMI was 23.3 kg/
m2. Twenty-five patients had preoperative symptoms such 
as headaches, palpitations, or cold sweats. A laparoscopic 
approach was used for 44 patients and an open approach 
was used for 9 patients. Forty-two patients had been treated 
with antihypertensive medications for over 3 months before 
undergoing adrenalectomy. In contrast, 11 patients diagnosed 
with pheochromocytoma following adrenalectomy had 
normal blood pressure and did not undergo management 
of hypertension but had been administered the antihyper
tensive drug doxazosin for at least 2 weeks before adrena
lectomy.

The hypertensive attack group (HA group) and the 
non–hypertensive-attack group (non-HA group) included 
33 and 20 patients, respectively. The 2 groups did not 
dif fer signif icantly in age, sex, or BMI. Additionally, 

Table 1. Characteristics of pheochromocytoma patients in the HA and non-HA groups

Characteristic HA group (n=33) Non-HA group (n=20) p-value
Age (yr) 47.5±15.1 47.5±12.3 0.993
Sex 0.167
   Male 15 (45.5) 13 (65.0)
   Female 18 (54.5) 7 (35.0)
Body mass index (kg/m2) 23.1±3.0 23.5±2.6 0.733
Preoperative symptoms 18 (54.5) 7 (35.0) 0.258
   Headache 16 (48.5) 7 (35.0)
   Palpitation 8 (24.2) 5 (25.0)
   Cold sweating 3 (9.1) 1 (5.0)
ASA score 0.545
   1 2 (6.1) 3 (15.0)
   2 28 (84.8) 15 (75.0)
   3 3 (9.1) 2 (10.0)
Underlying disease 0.352
   Coronary artery disease 4 (12.1) 3 (15.0)
   Diabetes mellitus 11 (33.3) 3 (15.0)
Tumor laterality 0.394
   Right 13 (36.4) 11 (55.0)
   Left 20 (60.6) 9 (45.0)
Tumor size (cm) 6.48±2.2 4.11±2.1 <0.001
Surgical approach 0.292
   Open 7 (21.2) 2 (10.0)
   Laparoscopy 26 (78.8) 18 (90.0)
Previous hypertension history 26 (78.8) 16 (80.0) 0.916
Duration of hypertension (mo) 27.2±36.0 15.8±29.5 0.238
Postoperative complications 5 (15.2) 3 (15.0) 0.590

Values are presented as mean±standard deviation or number (%).
HA, hypertensive attack; ASA, American Society of Anesthesiologists.
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patient characteristics such as the presence or absence of 
preoperative symptoms, ASA score, presence of  diabetes 
mellitus and/or coronary vascular disease, tumor laterality, 
surgical approach, preoperative hypertensive medications, 
mean duration of  hypertensive management, and post
operative complications also did not differ statistically 
between the groups. Mean tumor size was significantly 
correlated with HA (Table 1).

Systolic blood pressure at presentation was significantly 
different between the HA and non-HA groups, although 
no significant differences were found in diastolic blood 
pressure at presentation or in systolic and diastolic blood 
pressure after antihypertensive pharmacotherapy (alpha-
blocker). Whether hypertension was controlled through 
antihypertensive pharmacotherapy before surgery was also 
not significantly different between the groups. Indicators 
of patient preoperative hormonal status, including levels 
of epinephrine, norepinephrine, vanillylmandelic acid, and 

metanephrine from a 24-hour urine specimen, were higher 
in the HA group, with the exception of serum dopamine 
(Table 2).

The rate of complications did not differ significantly 
between the HA and non-HA groups. Additionally, no major 
complications required conversion to an open procedure or 
reoperation. We graded the complications according to the 
classification system suggested by Clavien et al. [14].

Of the investigated risk factors, systolic blood pressure 
at presentation, preoperative hormonal status (including 
epinephrine, norepinephrine, vanillylmandelic acid, and 
metanephrine from a 24-hour urine specimen), and tumor 
size were found to be significantly associated with the 
development of hypertensive attack according to the results 
of a univariate analysis (Tables 1 and 2). A multivariate 
analysis revealed that preoperative epinephrine and 
tumor size were the independent factors associated with 
hemodynamic fluctuation (Table 3).

Table 2. Perioperative blood pressure and urinary catecholamines and catecholamine metabolites in the HA and non-HA groups 

Variable HA group (n=33) Non-HA group (n=20) p-value
SBP (mmHg)
   At presentation 142.5±21.7 130.9±13.5 0.037
   After a-blockade 128.1±14.1 124.0±14.9 0.313
DBP (mmHg)
   At presentation 87.0±11.3 81.0±13.4 0.086
   After a-blockade 80.0±10.5 77.1±9.3 0.918
Control of hypertension by a-blockade 24 (72.7) 18 (90) 0.133
Persistent hypertension 10 (30.3) 1 (5.0) 0.028
Preoperative urinary catecholamine or metabolite
   Epinephrine (μg/d) 337.5±218.1 34.0±46.1 0.000
   Norepinephrine (μg/d) 524.4±419.1 94.4±54.4 0.000
   Dopamine (μg/d) 241.2±240.9 199.0±263.6 0.554
   Metanephrine (mg/d) 9.6±9.5 3.6±4.6 0.011
   VMA (mg/d) 34.3±56.2 7.8±5.7 0.041

Values are presented as mean±standard deviation or number (%).
HA, hypertensive attack; SBP, systolic blood pressure; DBP, diastolic blood pressure; VMA, vanillylmandelic acid.

Table 3. Prognostic factors for the development of hypertensive attack in patients undergoing adrenalectomy for pheochromocytoma (multivari-
ate logistic regression analysis) 

Variable Odds ratio
95% CI

p-value
Lower Upper

Tumor size 2.169 1.017 4.629 0.045
SBP at presentation 1.100 0.953 1.270 0.194
DBP at presentation 0.948 0.819 1.097 0.471
Preoperative epinephrine 1.020 1.002 1.038 0.027
Preoperative norepinephrine 0.513 0.990 1.020 0.513
Preoperative VMA 0.867 0.908 1.084 0.867
Preoperative metanephrine 0.843 0.747 1.269 0.843

CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; VMA, vanillylmandelic acid.
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With regard to tumor size as a predictor of intraoperative 
hypertensive attack, the highest odds ratio (2.169) was 
obtained at a cutoff value of 4.25 cm, and the sensitivity and 
specificity at this cutoff were 87.9% and 85.0%, respectively, 
with an area under the curve (AUC) of 0.823. Regarding 
preoperative epinephrine, the highest odds ratio (1.020) 
was obtained at a cutoff  value of  166.3 µg/day, and the 
sensitivity and specificity at this cutoff were 75.8% and 100%, 
respectively, with an AUC of 0.874 (Fig. 1).

DISCUSSION

Pheochromocytoma is found in approximately 0.1%– 
0.3% of  patients with hypertension [1], and surgical 
management is required for blood pressure control in these 
cases. The high perioperative mortality rate associated 
with pheochromocytoma has been widely recognized, and 
surgical procedures to alleviate pheochromocytoma have 
even been considered life threatening due to hypertensive 
attack and multiorgan failure. Recently, minimally invasive 
approaches (i.e., laparoscopy) have provided effective and 
safe adrenalectomy results, whereas anesthetic care has 
been improved through the increasing variety of anesthetic 
techniques and drugs. Accordingly, the perioperative 
mortality rates for pheochromocytoma resection have 
decreased from 20% in 1951 to 2%–4% recently [15]. Although 
the operative and anesthetic techniques have undergone 
improvements, significant intraoperative hemodynamic 
changes continue to occur [16-19]. The results of  several 
studies have indicated that the incidence of hemodynamic 
fluctuation ranges from 39.1% to 100% [20]. However, only a 
few studies have explored the risk factors for intraoperative 
fluctuation.

Kinney et al. [21] analyzed predictive factors for peri
operative marked hypertensive events in pheochromo
cytoma. Perioperative events, such as episodic periods of 
marked hypertension, were found to be related to tumor size 
and catecholamine activity. It is likely that large tumors 
required increased manipulation during tumor dissection 
and resection, resulting in high catecholamine release and 
significant hemodynamic fluctuation.

In another study, Scholten et al. [22] compared patients 
with non-multiple endocrine neoplasia (non-MEN) and MEN 
type 2-related pheochromocytoma to assess risk factors for 
hemodynamic instability. In a multivariate analysis, those 
authors found tumor size to be an independent risk factor 
for the total group.

Bruynzeel et al. [23] reported that a high plasma 
norepinephrine concentration and large tumor size were 
risk factors for hemodynamic instability during surgery 
for pheochromocytoma. This result suggested that 
intraoperative catecholamine release due to anesthesia and 
tumor manipulation was related to tumor size.

The results described by Tauzin-Fin et al. [24] suggested 
that perioperative treatment with an alpha-blocker was 
effective in providing hemodynamic control during surgery 
for pheochromocytoma. However, a correlation between 
hypertensive events and plasma catecholamine levels was 
not detected. Kocak et al. [25] reported that pretreatment 
with any type of alpha-blocker affected intraoperative and 
postoperative blood pressure.

Yang et al. [26] analyzed the characteristics of perioperative 
hemodynamics in pheochromocytoma secreting different 
types of catecholamine. Patients with highly epinephrine-
secreting pheochromocytoma were shown to be prone to 
have larger blood fluctuations during the operation. Patients 
with highly norepinephrine- and dopamine-secreting 
pheochromocytoma were shown to be liable to suffer from 
persisting postoperative hypotension.

In the present study, higher levels of  preoperative 
urinary catecholamines or metabolites, with the exception 
of dopamine, were found to be associated with hypertensive 
attack in a univariate analysis. A multivariate analysis 
showed that preoperative epinephrine was a strong risk 
factor (odds ratio [OR], 1.020, p=0.027). Furthermore, the 
mean tumor size was found to be larger in the HA group 
than in the non-HA group. In the multivariate analysis, 
mean tumor size was identified as a significant risk factor 
for the development of intraoperative hypertensive attack 
(OR, 2.169; p=0.045). Both systolic and diastolic blood pressure 
at presentation were also found to be significant risk factors 
in the univariate analysis. However, these variables were 

Fig. 1. Receiver operating characteristic (ROC) curve of multiple cutoff val-
ues of tumor size and preoperative epinephrine.
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not significant risk factors in the multivariate analysis.
Desmonts and Marty [27] suggested two potential causes 

of hypertensive attack during pheochromocytoma resection. 
First, noxious stimuli, such as intubation and skin incision, 
induce catecholamine release from excessive stores in 
adrenergic nerve endings. Additionally, tumor manipulation 
itself  can produce hemodynamic fluctuation. Therefore, 
careful surgical handling of  the tumor is necessary to 
prevent a hypertensive response.

Guerrero et al. [28] showed that tumor size is directly 
correlated with hormone levels such that smaller tumors 
have a tendency to secrete lower levels of catecholamines 
and larger tumors have the highest hormonal ratios, 
although these ratios are associated with wide ranges of 
secretory variation.

Kiernan et al. [29] evaluated predictors of hemodynamic 
instability during surgery for pheochromocytoma. In that 
study, tumor size, operative approach, and selective alpha-
blockade were associated with intraoperative hemodynamic 
instability during pheochromocytoma resection.

In the current study, tumor size and preoperative epine
phrine were associated with intraoperative hypertensive 
attack. These findings are likely attributable to the high 
probability of tumor manipulation during resection of large 
tumors and the ability of  large tumors to produce and 
secrete high levels of hormones. 

The limitations of the current study included its retro
spective design and the relatively small sample sizes 
observed at our institution. Therefore, the study results 
may not fully or definitively elucidate all possible risk 
factors for hypertensive attack during the performance 
of  adrenalectomy in patients with pheochromocytoma. 
In addition, we investigated clinical factors that affect 
intraoperative systolic blood pressure above 180 mmHg. 
Increasing systolic blood pressure above 180 mmHg during 
pheochromocytoma operation may be common as indicated 
in the present study. Usually, intraoperative temporal 
blood pressure above 180 mmHg may be safely managed 
by most anesthesiologists. We hardly ever experienced 
ventricular fibrillation, pulseless ventricular tachycardia, 
or uncontrollable hypertension during operation for 
pheochromocytoma. However, our study has significance 
considering that there are currently no reports related to the 
risk factors for hypertensive attack during adrenalectomy 
in Korea.

CONCLUSIONS

In the current study, large tumor size and higher 

preoperative urinary epinephrine levels were found to 
be risk factors for intraoperative hypertensive attack in 
patients with pheochromocytoma. These results may help 
urologists and anesthesiologists provide patients with more 
accurate expectations regarding surgical hemodynamic 
instability. Furthermore, these study results strongly suggest 
that pheochromocytoma is an aggressive disease requiring 
intensive intraoperative care.
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