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Introduction: Surgical manipulation of a pheochromocytoma carries the risk of

releasing catecholamines into bloodstream leading to severe intraoperative

hypertension.

Case presentation: We present three patients with right adrenal pheochromocytoma

over 10 cm diameter: a 40-year-old woman, 63-year-old man, and 66-year-old woman.

They were diagnosed by 123I-MIBG scintigraphy and received preoperative

antihypertensive treatment with 16 mg/day of doxazosin. Open adrenalectomy was

performed with early right adrenal artery ligation between the inferior vena cava and

ventral aorta (Step 1) as well as between the tumor and upper pole of the right kidney

(Step 2). There was no severe intraoperative hypertension, and no recurrence was

observed over 33 months, postoperatively.

Conclusion: Early adrenal artery ligation may stop tumor blood supply and significantly

reduce the catecholamine release. Our technique was thought to be safe and useful for

preventing severe intraoperative hypertension in giant right adrenal pheochromocytoma.
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Keynote message

Early AA ligation between the IVC and VA (Step 1) as well as between the tumor and
the upper pole of the right kidney (Step 2) in giant right adrenal PCC is a safe open surgi-
cal procedure and aids tumor dissection without severe intraoperative hypertension.

Introduction

PCC is a rare catecholaminergic tumor with a prevalence of 0.1–0.6% in hypertension
patients, derived from chromaffin cells of the adrenal medulla (80–85%) or the extra-adrenal
paraganglia (15–20%).1 Some PCCs are malignant, and release catecholamines that cause
high blood pressure, which can sometimes cause paroxysmal hypertension or lethal cere-
brovascular and cardiovascular disorders, so that complete resection is necessary.2,3 However,
tumor dissection is difficult because intraoperative manipulation of a PCC causes catecholami-
nes to be released into the bloodstream leading to severe intraoperative hypertension.
Although both open and laparoscopic approaches have been used, the optimal procedure has
not been standardized for safe dissection in a large PCC, especially in those over 10 cm in
diameter.3 Here, we present three patients with right adrenal giant PCC who underwent open
adrenalectomy along with the procedure of early AAs ligation, and in whom the tumor was
successfully removed without severe intraoperative hypertension.
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Case presentation

We present three cases of PCC: a 40-year-old woman, a 63-
year-old man, and 66-year-old woman. The characteristics of
the patients are shown in Table 1. The maximum diameter of
the right adrenal tumor exceeded 10 cm in all patients. Uri-
nary fractionated norepinephrine and metanephrine were high
in two patients, and dopamine was high in one patient. Clini-
cal diagnosis of PCC was made by uptake findings on 123I-
MIBG scintigraphy, and CT showed no metastasis. Some
AAs were recognized on contrast-enhanced CT (Fig. 1). The
patients received preoperative antihypertensive treatment with
16 mg/day of doxazosin.

Surgical procedures were performed as follows. The
patients were placed in the supine position under general
endotracheal anesthesia. A midline incision was made from
the xiphoid process to the umbilicus, and subsequently a
transverse incision to the right lateral region (reversed L-
shaped incision) was used to reach the peritoneal cavity. A
self-retaining retractor was used, followed by dissection of
the round ligament and falciform ligament of the liver. The
mobilization of the colon and duodenum was performed to
obtain complete visualization of the IVC and right side of
the VA. After keeping the left renal vein and right RA
between the IVC and VA, the connective tissue containing
the right AAs was ligated (Fig. 2a) until the right side of
the aortic hiatus was visualized (Step 1; Fig. 2b). If neces-
sary, short hepatic veins were dissected and the liver was
lifted to the head side. Next, pulling the right kidney to the
caudal side, the connective tissue containing the right AAs
from the RA was ligated between the tumor and the upper
pole of the right kidney (Step 2; Fig. 2c). These procedures
were performed without any pressure on the tumor. Follow-
ing this, direct manipulation of the tumor did not induce

severe hypertension and it could be detached from the sur-
rounding fat; the right central AV was ligated, and the
tumor was removed.

Surgical and postoperative outcomes are shown in Table 2.
Maximal systolic blood pressure was below 150 mmHg during
the operation in all patients, and perioperative complications
including hypotension were not observed. Pathological analysis
revealed PCC, and the surgical margins were negative. No recur-
rence was observed during 33–50 months postoperatively.

Discussion

Direct surgical manipulation of the PCC causes the extrusion of
tumor containing catecholamines into the bloodstream and leads
to a sudden rise in the blood pressure. Severe intraoperative
hypertension may force the surgeons to interrupt the surgical

Table 1 Patient characteristics

Variables Case 1 Case 2 Case 3

Age (years) 40 63 66

Sex Female Male Female

Body mass index (kg/m2) 24.9 25.1 22.7

Preoperative hypertension Absent Present Absent

Tumor size (cm) 10.4 9 8.8 10.2 9 8.2 11.0 9 7.0

Preoperative urinary catecholamines

Epinephrine (lg/day) 26.6 10.1 9.5

Norepinephrine (lg/day) 374.5 378.6 124.5

Dopamine (lg/day) 675.1 1355.7 58635.0

Metanephrine (mg/day) 0.96 0.23 0.17

Normetanephrine (mg/day) 13.2 11.7 0.26

Uptake on 123I-MIBG scintigraphy Present Present Present

Preoperative medication:

doxazosin (mg/day)

16 16 16
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Fig. 1 Enhanced CT scan showing the AAs

behind the IVC (red arrows).
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procedure until the blood pressure is normalized.4 Traditionally,
early AV ligation has been recommended for the laparoscopic
adrenalectomy of PCC to reduce the release of excessive cate-
cholamines.5,6 However, favorable results have been reported in
laparoscopic adrenalectomy, where the adrenal tumor was dis-
sected without previous ligation of the AV. Zhang et al. specu-
lated that fine accurate manipulation of the tumor without direct
pushing or grasping—the “no-touch technique”—could be safely
performed before the ligation of the AV.7 Wu et al. have also
described that prior control of AV is not a determining factor for
dangerous hypertension.8 Their study demonstrated that there
was no statistically significant difference in either blood pressure
fluctuation or concentration of plasma catecholamines during
laparoscopic adrenalectomy, between the two groups of early or
late AV ligation. However, regardless of laparoscopic or open
surgical approach, both dissecting a large PCC without touching
as well as ligating the AV first may be difficult, especially the
right central AV which usually flows into the IVC at the deep
head side of the tumor.

The right AAs are divided into three groups: superior, mid-
dle, and inferior. The superior AAs branch from the inferior
phrenic artery, and the middle and inferior AAs branch from
the VA and the RA, respectively.9 The central AV is the
main vein of the adrenal gland. Some other veins from the
adrenal gland have been reported: the emissary vein which
communicates with the renal capsule vein, the concomitant

veins which run to the inferior phrenic vein, the renal capsule
vein, and portal system.10 As such, the blood supply of the
right AAs mainly comes from the inner sides, but blood
flows out not only via the central AV but also through other
veins to the outer sides.

Therefore, in the operation of adrenal PCCs, early central
AV ligation alone is inadequate to prevent excess cate-
cholamines from flowing into the circulation. In the present
report, the arteries recognized on preoperative enhanced CT
(Fig. 1) were thought to be the superior and middle AAs,
and our procedure might contribute to stop blood flow at
the region between the IVC and the VA (Step 1). More-
over, the dissection of the connective tissue between the
tumor and the upper pole of the right kidney might stop
blood flow from the inferior AAs (Step 2). The blood sup-
ply of the tumor may be stopped by these procedures, and
extremely reduce the catecholamines released from the
tumor through the surrounding venous communications.
These procedures can be performed without touching the
tumor. Therefore, our technique can be effective when the
tumor is very large and difficult to resect with laparoscopic
surgery. It is also conceivable that our technique could be
useful when conversion to open surgery is necessary.

In conclusion, although further study with more patients is
required, our technique was thought to be safe and useful for
preventing severe intraoperative hypertension in giant right
adrenal PCC.
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Fig. 2 (a) The connective tissue contained the right AAs from the VA. (b) The schema of right AA ligation between the IVC and the VA (black arrow). (c) The

schema of right AA ligation between the tumor and the upper pole of the right kidney (black arrow). The right kidney was pulled to the caudal side (green arrow).

Table 2 Surgical and postoperative outcomes

Variables Case 1 Case 2 Case 3

Operative time (minutes) 297 268 180

Estimated blood loss (mL) 390 600 230

Blood transfusion (mL) None None 280

Maximal systolic blood pressure (mmHg) 150 140 150

Perioperative complications None None None

Follow-up period (months) 49 50 33

Tumor recurrence None None None
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