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ABSTRACT

Introduction: Minimally invasive approaches are the current standard of care for pheochromocytoma/paraganglioma (PC/
PG) surgery. However, a number of patients still undergo open surgery for these tumors. We evaluated the current
indications and outcomes of open surgery for PC/PG to define the role of this approach.

Methods: Data of patients undergoing PC/PG surgery between July 2008 and July 2017 were retrieved from our
prospectively maintained electronic database and hospital records. Tumor characteristics, operative and recovery
parameters, and complications were evaluated for indications of open procedure and outcomes.

Results: During the study period, 106 patients underwent 124 procedures for PC/PG, including 18 simultaneous bilateral
procedures. Surgeries included 102 adrenalectomies, 18 PG excisions, one partial adrenalectomy, and three partial
cystectomies. Twenty-five (23.6%) patients (mean age 38.2 + 16.1 years) underwent an open procedure, including
four bilateral procedures. This included 16 adrenalectomies and 9 PG excisions. The indications for open surgery were
unilateral large tumours (5; size 8-16, mean 11 cm), bilateral large tumours (2; size 6-10, mean 8.2 cm), retrocaval
tumour extension (4), inter aortocaval PGs (8), Retro-mesenteric PG (1), concomitant procedures (3), and conversion
from laparoscopy (2). Mean operative time was 217 + 63.8 min, blood loss was 868 + 734.2 ml, 11 patients required
blood transfusion, and hospital stay was 6.44 + 2.4 days. All these parameters were higher than for minimally invasive
surgery (MIS) in this cohort. Three patients (12%) suffered a postoperative complication, and the rate of complications
was not higher than MIS cohort (16%).

Conclusions: Open surgery was most often indicated for large tumors or those located in the inter-aortocaval region.
Most such procedures require large incisions and possible hepatic mobilization on the right side. The procedures can
be safely completed with few complications.

INTRODUCTION blood loss, morbidity, hospitalization, and faster recovery.**

While laparoscopic adrenalectomy has become a standard

Pheochromocytomas (PCs) are rare catecholamine  Of care with increasing indications for minimally invasive
producing tumors arising from chromaffin cells and  Surgery (MIS), open surgery is still required in some cases.
have a highly variable clinical presentation but most ~ We reviewed our database of PC/PG cases to identify patients
commonly present with episodes of headaches, sweating, =~ Who required open surgery and determined the indications
palpitations, and hypertension.!!! Approximately and outcomes in these patients. We also compared these
10% of PCs are extra-adrenal and are called  parameters with patients undergoing MIS in the same
paragangliomas (PG). Laparoscopic adrenalectomy cohort.

has replaced the open approach in managing most

of the cases with the attendant advantages of lower
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MATERIALS AND METHODS

Data of patients undergoing surgery for PC/PG in our
department from July 2008 to July 2017 was retrieved
from our prospectively maintained electronic database
and hospital records. All patients provide detailed
history; undergo physical examination and investigations
necessary to establish the diagnosis. Patients are managed
in a multidisciplinary manner involving endocrinology,
anesthesia and urology teams. After diagnosis, preoperative
preparation and optimization include blood pressure control
using a combination of drugs, including alpha-blockers,
beta-blockers, calcium channel blockers, and angiotensin
receptor blockers. Alpha 1 adrenergic antagonists are
gradually titrated and Beta-blockers and other drugs are
added as required to optimize blood pressure control.
Volume expansion is achieved with increased oral fluid
intake. The severity of hypertension and end-organ damage,
especially catecholamine-induced cardiomyopathy and
cardiac failure are assessed prior to surgery.

For thisstudy, demographic data, data pertaining to preoperative
work-up, tumor characteristics, operative and recovery
parameters, and complications were retrieved. Patients who
had undergone open surgery were identified and evaluated for
indications, procedural details, and outcomes and compared
with minimally invasive approaches. All patients provided
informed, written consent for undergoing the procedures.

Statistical analysis

Data were analyzed using STATA version 14 (StataCorp
LLC, Lakeway, Texas, USA) and presented as mean + standard
deviation or median (range). Categorical data were presented as
frequency (percentage) and compared using Fisher Exact test.
Continuous data were compared using independent t-test (for
normal data) and Mann—Whitney U-test (for non— normal
data). P < 0.05 was considered statistically significant.

RESULTS

A total of 106 patients underwent 124 procedures for PC/PG.
This included 18 simultaneous bilateral procedures, 102
adrenalectomies, 21 PG excisions including three partial
cystectomies for bladder PGs, and one adrenal-sparing PC
excision. 95 (76.6%) procedures were performed by minimally
invasive methods (Laparoscopy - 83, Robot-assisted - 12) and
29 (23.4%) by open surgery. All three partial cystectomies
were performed with robotic-assisted laparoscopy while
the adrenal sparing surgery was done laparoscopically. Two
laparoscopic procedures had to be converted to open surgery.

Among 106 patients, 25 (23.6%) underwent open surgery,
including four patients undergoing bilateral simultaneous
adrenalectomies. Twenty-three patients underwent elective
open surgeries while two were laparoscopy converted to

22

open surgery. Among these, 15 patients were operated for
PCs while eight underwent PG excisions. One patient with
left infrahilar PG was converted from laparoscopy to open
surgery due to dense adhesions with major vessels, while
one case of laparoscopic right adrenalectomy was converted
to open due to bleeding from inferior vena cava (IVC).

The most common indication for open surgery
was tumor location [13 patients; inter aortocaval or retrocaval,
Figure 1] followed by tumor size and characteristics [7 patients;
mean 11 cm, Figures 2 and 3]. Other indications were the need
for concomitant procedures in 3 patients [Table 1].

Among these 25 subjects, the mean operative time was
217.6 + 63.8 min (range 120-360), while the average blood
loss was 868 + 734.2 ml (range 100-2800 ml). Eleven
patients required packed red blood cell units transfusion.
Mean hospital stay was 6.44 + 2.46 days (range 3—13 days).
Three patients (12%) suffered postoperative complications.
In comparison, patients undergoing successful MIS had
smaller tumors, lower operative time and blood loss, lower
requirement of blood transfusions, but similar complication
rates (16%) (P = 0.75) [Table 2].

DISCUSSION

Despite the wide-spread use and availability of MIS for PCs,
we found that open surgery continues to be required in

Table 1: Indications of open surgery

Indications Patients
(n=25), n (%)
Location
Interaortocaval PG 8 (32)
Right PC with retrocaval extension 4 (16)
Retro-mesenteric PG 1(4)
Size or central necrosis
Unilateral large tumors (mean: 11.02 cm, range: 8-16 cm) 5 (20)

Bilateral large tumors (mean: 8.2 cm, range: 6-10 cm) 2(8)
Concomitant procedures

Radical nephrectomy with bilateral PG 1

Distal pancreatectomy with bilateral PG 1

PG with large ganglioneuroma excision 1
Laparoscopic converted to open surgery 2

PG=Paraganglioma, PC=Pheochromocytoma

0 Lam R =
Figure 1: Inter aorto-caval paraganglioma. (a) Axial section, contrast enhanced
tomography, (b) coronal reconstruction
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Table 2: Operative and recovery parameters of patients undergoing open and minimally invasive surgery for

pheochromocytoma/paraganglioma

Parameters MeanSD P
Open surgery (n=25) MIS (n=81)

Tumour size (cm) 6.79+3.28 4.81+£1.85 0.005
Operative time (min) 217.6+63.8 139.6£52.6 <0.001
Blood loss (ml) 868+734.2 184.8+186.8 <0.001
Transfusions, n (%) 11 (44) 4 (4.9) <0.001
RBC transfused (units) 1.33+1.68 0.086%0.39 <0.001
Postoperative hospital stay (days) 6.4+2.46 4.17£3.24 <0.001
Complications on Clavien-Dindo scale*, n (%) 3(12) 13 (16) 0.75

Grade 1 1 (ileus) 9 (postoperative fever)

Grade 2 1 (intestinal obstruction) 1 (blood transfusion)

Grade 3a 0 3 (abdominal collection requiring pigtail drainage)

Grade 3b 0

Grade 4a 1 (acute kidney dysfunction 0

requiring dialysis)

*Excluding postoperative inotropic support and routine ICU care. MIS=Minimally invasive surgery, RBC=Red blood cell, SD=Standard deviation

Figure 2: Large right pheochromocytoma with central necrosis. (a) Axial images,
contrast enhanced tomography, (b) Sagittal reconstruction

nearly a quarter of all patients. This is most often required for
relatively large tumors or those located in difficult-to-access
locations. In our series, open surgery resulted in greater blood
loss, higher need for blood transfusions and hospital stay but
similar overall outcomes as MIS in terms of complications
and short-term outcomes.

Despite the improvements in perioperative medical
management, anesthesia, and surgical techniques,
surgery for PCs continues to carry significant morbidity
and mortality.* The rarity of these tumors results in few
centers having a large experience. Fears of cardiovascular
instability due to catecholamine release caused by the
pneumoperitoneum and/or laparoscopic dissection
cause concerns during laparoscopy, particularly
when experience with such surgeries is limited. The
decision between open and laparoscopic approach
may often thus be difficult. Tumour manipulation has
been shown to be the most important intraoperative
factor for catecholamine release during both open and
laparoscopic adrenal resections.®”) Ferndndez-Cruz
et al. demonstrated that mean plasma norepinephrine
and epinephrine increased 13.7- and 34.2-fold during
open tumor manipulation.® The key is minimal tumor
manipulation with rapid surgery and the open approach
is often advocated to achieve this goal.””!” However,
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Figure 3: Bilateral large pheochromocytomas with internal necrosis in a patient
with MEN 2B syndrome, contrast enhanced tomography

studies comparing the laparoscopic and open approach
did not find the former lacking in safety.!'%

The most common indication for open surgery in our cohort
was tumor location in relation to major blood vessels. Eight
of the patients had inter aortocaval PGs, which are very
difficult to access laparoscopically due to location between
aorta and IVC and close relation to other major vessels like
superior mesenteric artery and renal vessels, particularly the
left renal vein [Figure 1]. The mean size of inter aortocaval
PGs in our cohort was 6.07 cm (range 4-10 cm), and all
were supra-hilar in location. These tumors are supplied
by multiple vessels from aorta and drain through multiple
venous branches to the IVC. The importance of this location
is highlighted by the fact that all other PGs which could be
resected laparoscopically (n = 8) were in the left para-aortic
location, caudal to the renal hilum, where the only important
vessel encountered is the inferior mesenteric artery. Brewster
and Sundaram!™ have reported a single case of laparoscopic
excision of inter aortocaval PG, but the tumor was 2.7 cm in
the greatest dimension and infra-hilar in location. Alemanno
et al." have reported successful laparoscopic resection of
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six inter-aortocaval PGs which were located between the
renal vessels and aortic bifurcation, and their mean tumor
size was 3 cm. The only supra-hilar PG in their series could
not be resected laparoscopically and was converted to
open surgery. They further analyzed the prognostic factors
suggesting the need of open surgery and reported that PGs
located above renal hilum, in the inter-aortocaval location,
computed tomography evidence of uncertain plane with
major vessels, and tumor size >6 cm were more likely to
undergo open surgery.

In our series, four adrenal PCs had a significant retrocaval
extension. While operating on right-side large tumors or
those in the inter aortocaval region, we frequently use a
chevron incision with piggyback mobilization of the liver
by dividing the coronary and triangular ligaments, similar to
that done in liver transplantation. Although a large incision,
this allows excellent visualization of the tumor and adequate
vascular control. Soejima et al.l'> have also reported the use
of temporal transaction of infra-hepatic IVC for resection of
alarge retrocaval PC; where they divided infra-hepatic IVC
when piggyback mobilization alone was not adequate, and
mobilized the whole liver along with IVC to the left. The
IVC was repaired after the resection of tumor.

A number of reports support laparoscopic adrenalectomy
as the standard of care for most PCs with size limit varying
from 6 to 15 cm.'®?"! This variability in tumor size limits is
possibly related to surgeon experience more than size alone.
Our own data of over 100 patients show that tumors up to
9.5 cm in size were successfully treated laparoscopically.
However, the mean size of tumors treated by open surgery,
at 11 cm, was greater than the largest tumor treated
laparoscopically, suggesting that size will be a limitation
even with experience. As an overall experience, we found
that, as the learning curve improved, larger tumors were
treated by a laparoscopic approach, and open surgery for
size alone seemed to decline. However, there has been no
change in the numbers of open surgery for inter aortocaval
PGs and retrocaval tumors. However, it would require a
randomized trial to assess the superiority of one approach
over another.

In addition to size alone, we preferred open surgery for
large tumors with central necrosis due to a fear of tumor
rupture during dissection [Figures 2 and 3]. There is
limited literature on the management of PC with central
necrosis which are also called cystic PCs and are included in
pseudocyst category of cystic adrenal masses. According to
Schmid et al.,” open surgery should be preferred for cystic
adrenal masses >8 cm and wherever there is a suspicion of
malignancy. Further, large right-sided tumors with central
necrosis were considered better suited for open surgery due
to anticipated difficulties in separating them from the liver
and the IVC without injuries and the possible need of liver
mobilization. It would thus seem that size alone may not be
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a contraindication. Rather a combination of size, location,
and tumor characteristics would help determine the need
for open surgery.

Three patients were planned for elective open surgeries due
to the need for concomitant procedures. While adjacent
organ involvement is not common in PCs, PGs, at times,
surround renal vessels, and a concomitant nephrectomy
may be required. Patients with syndromic tumors such as
the Von-Hippel Lindau syndrome may have concomitant
pancreatic tumours as did one of our patients who required
a simultaneous distal pancreatectomy along with bilateral
adrenalectomy.

Despite the greater blood loss and transfusion rate, our
cohort of patients undergoing open surgery did not suffer
any greater complications compared to the minimally
invasive group. This suggests that open surgery is safe, and
although it prevents the benefits of MIS to the patient, it
should be used whenever the surgeons feel it would be the
preferred approach. We recently reported our prospective
evaluation of blood pressure, sugar, and quality of life
outcomes in such patients which further suggests that this
surgery results in long-term benefits for the patients.?

Our study is limited by its retrospective nature and the
fact that surgeons of differing laparoscopy experience
contributed to it, which could have affected patient selection
for the open approach. However, it is one of the larger series
on the subject, and this would have helped minimize the
impact of individual variations. The almost nonoverlapping
characteristics of the open and minimally invasive groups
also suggest that individual surgeon preference may not
have impacted the data.

CONCLUSIONS

While the majority of patients with PCs are candidates
for minimally invasive approaches, open surgery may be
indicated in one-fourth of all patients. Large tumors, tumors
located in the supra-hilar, inter aortocaval region or those
requiring concomitant procedures are the most frequent
candidates for open surgery. Open surgery requires large
incisions, larger blood loss, higher transfusion rate and
hospital stay but has similar overall outcomes as MIS.
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