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Abstract
Background Minimally invasive adrenalectomy represents the treatment of choice of pheochromocytoma (PCC). For large 
or invasive PCCs, an open approach is currently recommended, in order to ensure complete tumor resection, prevent tumor 
rupture, avoid local recurrence, and limit perioperative hemodynamic instability. The aim of this study is to analyze perio-
perative outcomes of laparoscopic adrenalectomies (LAs) for large adrenal PCCs.
Methods All consecutive LAs for PCC performed at a single institution between 1998 and 2020 were included. Two groups 
were defined: lesions larger (group 1) and smaller (group 2) than 5 cm. Short-term outcomes were compared in order to find 
any significant difference between the two groups.
Outcomes One hundred fourteen patients underwent LA during the study period: 46 for lesions larger and 68 for lesions 
smaller than 5 cm. No significant differences were found in patients’ characteristics, median operative time, conversion rate, 
intraoperative hemodynamic and metabolic parameters, postoperative intensive care unit (ICU) admission rate, complica-
tions rate, and length of hospital stay. Long-term oncologic outcomes were similar, with a recurrence rate of 5.1% in group 
1 vs 3.6% in group 2 (p = 1).
Conclusion Minimally invasive adrenalectomy seems to be safe and effective even in large PCC. The recommendation to 
prefer an open approach for large PCCs should probably be reconsidered.

Keywords Pheochromocytoma · Minimally invasive surgery · Large adrenal mass · Hypertensive peaks · Postoperative 
hypotension · Case series

Introduction

Since its first description in 1992 [1], laparoscopic adrenal-
ectomy (LA) has become the standard of care for the surgi-
cal treatment of most adrenal tumors. Compared with open 
adrenalectomy (OA), LA is reported to have better short-
term outcomes, such as lower perioperative morbidity and 
faster postoperative recovery [2]. Pheochromocytoma (PCC) 
is a catecholamine-secreting tumor. It is a life-threatening 
condition due to the potentially lethal cardiovascular [3, 4] 
effects caused by catecholamine secretion. Cerebrovascular 

[5], renal, and gastrointestinal [6, 7] complications are also 
described. Surgical resection is the only definitive treatment 
for PCC. However, the laparoscopic approach can be techni-
cally challenging because of the unique biologic behavior of 
this tumor: PCC is a highly vascular tumor, tends to adhere 
to adjacent structures, and is usually larger than other adre-
nal lesions. Therefore, LA for PCC, even in experienced 
hands, may be associated with longer operative time and 
increased complications when compared with LA for other 
adrenal diseases [8–10].

Several risk factors for perioperative morbidity after 
LA have been identified [10–15], but only few studies have 
investigated specific predictors of morbidity after LA for 
PCC [16–20]. In particular, the role of PCC size, one of the 
most frequently reported predictor of perioperative compli-
cations, is controversial [21–23]. Guidelines on pheochro-
mocytoma and paraganglioma published in 2014 by the 
Endocrine Society recommend open resection for large or 
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invasive PCC to ensure complete tumor resection, prevent 
tumor rupture, and avoid local recurrence [24]. There are 
also concerns about the fact that, especially in large tumors, 
pneumoperitoneum could worsen intraoperative hyper and 
hypotensive peaks, making anesthetic management more 
challenging and risky. At our institution, a minimally inva-
sive approach was attempted in all scheduled adrenalecto-
mies, included adrenalectomies for PCC, irrespective of 
tumor size. The aim of this study was to analyze intraopera-
tive and short-term outcomes of LA for PCC, comparing 
results in patients affected by lesions larger and smaller than 
5 cm.

Materials and methods

At our institution, laparoscopic adrenalectomy was intro-
duced in the mid-1990s. After completing the surgical learn-
ing curve, a prospective protocol including all aspects of 
perioperative management of PCC was established, and all 
consecutive patients were included in a specific database. 
From July 1998 to June 2020, complete medical records 
of 114 consecutive patients who underwent a minimally 
invasive adrenalectomy for PCC were reviewed. The pre-
operative workup included clinical evaluation, biochemi-
cal tests (measurement of fractionated urinary/plasma cat-
echolamines and metanephrines and serum chromogranin 
A levels), abdominal ultrasonography (US), and abdominal 
computed tomography (CT) to assess the size and the rela-
tionship with adjacent organs. Magnetic resonance imaging 
(MRI) and 123I-MIBG Scintigraphy or 18F-FDOPA PET 
were performed in selected cases with equivocal CT or dis-
crepancy between imaging studies and biochemical tests. In 
addition, echocardiography was performed in all patients 
to rule out any underlying cardiac disease. Every case was 
discussed during our department’s weekly multi-disciplinary 
team (MDT) meeting.

All patients received a standard preoperative pharma-
cological treatment: selective alpha-adrenergic blocker 
(doxazosin) was administered at least 15  days before 
operation, and a beta-1 selective blocker was added if con-
comitant tachycardia was present. During the operation, 
alpha-adrenergic blockers (urapidil) and beta-blockers 
(labetalol) were used to manage intraoperative hyperten-
sion and sinus tachycardia, respectively. Intraoperative and 
postoperative hypotension was treated with volume expan-
sion or, if necessary, with norepinephrine infusion. All 
operations were performed by two surgeons (G.G., M.M.) 
highly experienced in laparoscopic surgery. In 103 cases, 
LA was performed transperitoneally with the patient in lat-
eral flank position as described previously [25], maintain-
ing the intra-abdominal pressure at 12 mmHg. In 11 cases, 
a retroperitoneoscopic access was preferred, with a CO2 

pressure of 20 mmHg. Direct manipulation of the tumor 
was avoided, and, in order to minimize the catecholamine 
release, a complete voiding of the adrenal lodge repre-
sented the surgical strategy. In case of bilateral lesions, 
two separate adrenalectomies were performed by turning 
the patient from the left to the right flank position during 
a unique anesthesia. Suction drains and nasogastric tubes 
were not routinely used. Postoperative monitoring was 
ensured in a surgical ward or, if suggested by the anesthe-
siologist, in an intensive care unit (ICU) for the first post-
operative day; all patients underwent an endocrinologic 
evaluation before discharge.

Two groups were defined: patients affected by tumors 
larger than 5 cm and patients affected by tumors up to 5 cm. 
The following variables were recorded for each patient: 
age, sex, BMI, medical comorbidities, American Society 
of Anesthesiologists (ASA) score, fractionated urinary cat-
echolamine and metanephrine levels, preoperative symptoms 
(presence at least of one of the following: headache, dia-
phoresis, palpitations, nausea, dizziness, asthenia, weight 
loss, anxiety, tremor, agitation, abdominal pain, fever), his-
tory of hypertension (defined as the assumption of at least 
one antihypertensive drug before diagnosis of PCC), resec-
tion margin involvement, biologically aggressive behav-
ior (evaluated according to the Pheochromocytoma of the 
Adrenal Gland Scaled Score (PASS) [26]), operative time, 
need of intraoperative blood transfusion and drugs (both 
hypotensive and vasopressors), intraoperative tachycardia 
(frequency > 100 bpm), desaturation (SpO2 < 90%), acidosis 
(pH < 7.3) and hypoglycemia (< 70 mg/dl), intra- and post-
operative hypertensive crisis (defined as a SBP higher or 
equal to 180 mmHg), intra- and postoperative hypotensive 
episodes (defined as a SBP lower or equal to 80 mmHg), 
intra- and postoperative morbidity (defined as any local or 
systemic complication occurring within 30 days of opera-
tion) according to Dindo’s classification [27], and hospital 
stay.

All patients signed an informed consent before the opera-
tion; this case series has been reported in line with the PRO-
CESS Guideline [28]

Statistical analysis

Continuous variables are reported as median and inter-
quartile range (IQR) after the evaluation of normality with 
the Shapiro–Wilk test and categorical variables as events 
number and percentages. Differences between the 2 groups 
(defined considering the cut-off of 5 cm for lesion size) were 
tested with the chi-square test for categorical variables (with 
Fisher’s correction when needed) and with the Mann–Whit-
ney test for continuous ones. All p-values are two sided, with 
a conventional level of significance of 5%.



Langenbeck's Archives of Surgery 

1 3

Results

During the study period, 114 patients underwent 118 
adrenalectomies for PCC. A laparoscopic approach was 
attempted in all cases. LAs for lesions larger than 5 cm 
(group 1) were performed in 46 patients (40.4%), while for 
tumors smaller than 5 cm (group 2) in 68 patients (59.7%). 
In this group, a retroperitoneal approach was chosen on 
11 cases; the relative low number is due to the fact that 
retroperitoneal technique was only recently adopted at our 
center. Median tumor size was 6.0 cm in group 1 (range 
5.1–15.0) and 3.0 cm in group 2 (range 1.2–4.9). No sig-
nificant differences were found in patients characteristics 
except a higher rate of preoperative symptoms in group 
1, as summarized in Table 1. Four transperitoneal LAs 
were performed by means of robotic assistance (Da Vinci 
Si); 2 of them were larger than 5 cm. In 3 patients that 
were not able to tolerate pneumoperitoneum at a standard 
pressure because of severe cardiopulmonary and cerebral 
comorbidities, a gasless laparoscopic adrenalectomy with 
abdominal wall lifting was performed.

Median operative time was 120  min in group 1 vs 
105 min in group 2 (p = 0.395).

There were 3 cases of intraoperative bleeding who 
required intraoperative blood transfusion, two of which in 
the large tumors group. In one case from the first group, 
the intraoperative blood loss was secondary to the presence 

of adrenal vein neoplastic thrombosis that required conver-
sion to open surgery, thrombectomy, and inferior vena cava 
repair by hand-sewn running suture; in the other two cases, 
the intraoperative bleeding was secondary to difficult dis-
section maneuvers.

Conversion rate was 4.3% (2/46) in large tumors group 
and 0% in small tumors group (p = 0.169). In both cases, 
conversion was necessary because of locally advanced right 
adrenal tumors adherent to the inferior vena cava. No sig-
nificant differences were recorded between the two groups 
among all the intraoperative analyzed data (Table 2). Of 
note, intraoperative hypertensive peaks and hypotensive 
episodes showed a similar occurrence rate in the two groups.

Postoperative ICU admission rate was 30.4% (14/46) 
in the large tumors group and 17.7% (12/68) in the small 
tumors group (p = 0.110); postoperative complication rate 
and length of hospital stay were comparable (Table 3).

Postoperative morbidity was similar: in group one, two 
patients were admitted in the ICU for acute respiratory fail-
ure; one patient underwent a pace-maker implantation for an 
atrioventricular block, and a surgical revision for intestinal 
occlusion was necessary in the fourth patient. In group two, 
a bronchoscopic management of central airway obstruction 
was needed in two cases; one patient was admitted to the 
ICU for a myocardial infarction, and a percutaneous tube 
was inserted to drain an abdominal fluid collection in the 
last case. None of the patients died within 30 days from the 
operation.

Table 1  Comparison 
between > 5 and ≤ 5 cm PCC: 
pre-operative data

* Chi square test
# Mann–Whitney test
F Fisher’s exact test

Pheochromocytoma

 > 5 cm  ≤ 5 cm p-value

Operations (n; %) 46 100% 68 100%
Female sex 20 43.5% 40 58.8% 0.107*

Age [years] (median; range) 48(15–77) 53 (17–84) 0.168#

BMI [Kg/m2] (median; range) 24.0 (16.4–32.8) 24.3 (16.0–41.5) 0.596#

Medical morbidities (n; %) 0.641*

  Vascular 8 17.4% 13 19.1% 0.756*

  Pneumologic 14 30.4% 25 36.8% 0.485*

  Cardiac 9 19.6% 22 32.4% 0.132*

  Kidney 8 17.4% 12 17.7% 0.972*

  Gastrointestinal 12 26.1% 22 32.4% 0.473*

  Neurologic 8 17.4% 12 17.7% 0.972*

ASA score (median; range) 3 (1–3) 2 (1–4) 0.424#

Pre-op hypertension (n; %) 39 84.8% 52 76.5% 0.278*

Pre-op symptoms (n; %) 29 63.0% 24 35.3 0.004*

Pre-op elevated urinary 
metanephrine levels

42 91.3% 54 81.8% 0.118F

Postoperative ICU (n; %) 14 30.4% 12 17.7% 0.110*
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A negative resection margin was confirmed by the pathol-
ogist in 45/46 (99.2%) specimens in group 1 and in all the 
specimens in group 2. No significant differences were found 
between the 2 groups in terms of PASS score choosing a cut-
off value of 6 as predictor of aggressive behavior (Table 4).

Follow-up rate was 83.3% (95/114), with a median of 
70 months (6–160).A total of 4/95 (4.2%) recurrent lesions 
was recorded, 2/39 (5.1%) in group 1 and 2/56 in group 2 
(3.6%); p = 1. A PASS score > 6 was defined on pathological 
report in all of these specimens. One of these patients devel-
oped an early recurrence on the same side with multiple dis-
tant metastasis. He was not reoperated and died for dissemi-
nated disease. The other three patients, affected by MEN 2A, 
MEN 2B, and von Hippel Lindau syndrome, respectively, 
developed a pheochromocytoma on the other side and were 
reoperated with a laparoscopic approach. One patient is free 

from disease at 6 years; the other two died for metastases of 
GIST and breast cancer, not related to the adrenal tumor.

Discussion

PCCs are rare neuroendocrine tumors associated with high 
morbidity and mortality rate, due to cardiovascular compli-
cations and to potential tumor recurrence [29]. Laparoscopy 
has reduced perioperative morbidity when compared with 
OA, becoming the treatment of choice for PCC [2, 30–33]. 
Nevertheless, LA for PCC is still generally associated with 
longer operative time, higher conversion and complication 
rates compared with LA for different indications [8–10, 12], 
and data about specific perioperative predictors of outcomes 
in this population which are limited in the literature.

Table 2  Comparison 
between > 5 and ≤ 5 cm PCC: 
intraoperative data

* Chi square test
F Fisher’s exact test
# Mann–Whitney test

Pheochromocytoma

 > 5 cm  ≤ 5 cm p-value

N 46 68
Operative time [min] (median; range) 120 (60–340) 105 (50–360) 0.379#

Conversion rate 2 4.4% 0 0.169F

Intra-op blood transfusion (n; %) 2 4.4% 1 1.5% 0.564F

Intra-op hypotensive drugs (n; %) 39 84.8% 50 73.5% 0.154*

Intra-op vasopressors (n; %) 4 8.9% 5 7.4% 0.521F

Intra-op tachycardia 9 19.6% 8 11.8% 0.251*

Intra-op desaturation 1 2.2% 1 1.5% 1F

Intra-op hypertensive peaks 31 69.6% 45 66.2% 0.705*

Intra-op hypotension 12 26.1% 17 25.0% 0.896*

Intra-op acidosis 9 19.6% 11 16.2% 0.641*

Intra-op hypoglycemia 0 1 1.5% 0.409*

Table 3  Comparison 
between > 5 and ≤ 5 cm PCC: 
postoperative data

* Chi square test
F Fisher’s exact test
# Mann–Whitney test

Pheochromocytoma

 > 5 cm  ≤ 5 cm p-value

N 46 68
Post-op ICU admission rate 14 30.4% 12 17.7% 0.110*

Length of hospital stay [days] (median; range) 5 (2–21) 4 (2–37) 0.453#

Complications (n; %) within 30 days 16 34.8% 17 25.0% 0.259*

  Dindo 1–2 12 26.1% 13 19.1% 0.378*

  Dindo 3–4 4 8.7% 4 5.9% 0.713F

  Dindo 5 0 0
PASS score ≥ 6 7/24 29.2% 10/34 29.4% 0.984*
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Surgical manipulation, intubation, and also the induction 
of pneumoperitoneum have been shown to cause a massive 
release of catecholamine during LA, resulting in severe 
hypertension and cardiovascular instability [33, 34]. A study 
from the Netherlands [35] showed how, in patients who are 
operated for a PCC, high preoperative plasma norepineph-
rine levels, tumor size larger than 4 cm, high blood pressure 
at presentation and after adrenergic alfa-receptor block-
ade, and a more pronounced postural drop (> 10 mmHg) 
in blood pressure after alfa-receptor blockade predispose to 
intraoperative hypertension. Urinary epinephrine and nor-
epinephrine levels and tumor size have been identified as 
risk factors for intraoperative hypertension and postopera-
tive hypotension in other more recent papers [36–39]. It is 
still a matter of debate whether LA for large adrenal tumors 
is safe and feasible. Several studies show that, especially 
in case of PCC, large adrenal lesions are associated with 
higher rates of conversion and blood loss, longer operative 
time, and hospital stay [10–12, 15–20], while others failed 
to find a correlation between tumor size and perioperative 
outcomes [21–23]. Laparoscopic approach was not identified 
as a variable influencing perioperative outcomes in recent 
studies [36–39]; furthermore, Kiernan et al. [40] reported 
how the open technique significantly increased intra- and 
postoperative hemodynamic instability. Our study shows that 
tumor size does not influence perioperative hemodynamic 
instability. No significant differences were found in intraop-
erative hemodynamic, respiratory, and metabolic parameters 
analyzed between the two groups. Furthermore, conversion 
rate was comparable, and a higher postoperative complica-
tion rate in patients with lesions larger than 5 cm did not 
occur in our series. These results are in line with a recently 
published meta-analysis [41] including 743 patients from 13 

retrospective studies and one RCT comparing laparoscopic 
vs open adrenalectomies for PCC. Authors concluded that 
laparoscopic adrenalectomy shows lower estimated blood 
loss, lower transfusion rate, lower hemodynamic instability, 
less postoperative complications, less Clavien-Dindo score 3 
complications, shorter return to diet time, and shorter length 
of hospital stay. Nevertheless laparoscopic group might have 
smaller tumor size but higher body mass index. The tumor 
size issue (about 1 cm difference between the two groups) 
could be due to the inherent selection bias in which tumors 
are amenable to laparoscopic approach, especially in older 
series, and its influence on surgical outcome is of little sig-
nificance. There are no data reporting differences in recur-
rence rate between open and laparoscopic approach. Gof-
fredo et al. [42] reported a series of 287 malignant PCC, 
being 72.5% larger than 5 cm. Tumor recurrence or persis-
tence was present in the 3–13% of the PCC operated, and 
5-year overall survival was significantly higher for patients 
with tumors measuring less than 5 cm (72.5% vs 27.5%). In 
our series, with a 16.7% rate of patients lost at follow-up, 
a recurrence rate of 3.2% was registered, with an overall 
survival rate of 96.8%. This can be explained by the fact 
that our series includes all PCC, both benign and malig-
nant, but tumor size seems not to influence long-term out-
comes (5.1% vs 1.8%). At our center, a minimally invasive 
approach was attempted in all cases, irrespective of tumor 
size. Nevertheless, a radical resection performed maintain-
ing a good hemodynamic control must be the final goal, 
and surgeons have to be ready to convert to open surgery 
whenever the situation requires it. In our series, we reported 
only one case of conversion in which unfortunately, despite 
the open technique, the resection was not radical and the 
patient developed an early recurrence associated to disease 
dissemination which died for.

This study is subject to the inherent limitations of any 
retrospective study, such as selective reporting and incom-
plete data bias. Nevertheless we made great efforts to over-
come these limitations with a thorough review of medical 
and anesthetic charts, in order to record a great number of 
parameter to include in the analysis. It is important to note 
that this is a consecutive series including all PCC surgically 
treated during the study period and managed with a standard 
perioperative prospective protocol.

Conclusion

Minimally invasive adrenalectomy represents the treatment 
of choice of PCC. Even in tumors larger than 5 cm, laparo-
scopic approach does not affect intraoperative and short-
term outcomes and does not worsen the hemodynamic insta-
bility typical of this disease. Recurrence rate and overall 

Table 4  Oncologic outcome

Pheochromocytoma

 > 5 cm  ≤ 5 cm

N 46 68
Tumor size [cm] (median; range) 6 (5.1–15) 3 (1.2–4.9)
Negative resection margin 45 (97.8%) 68 (100%)
PASS Score (median; range) 3 (0–9) 4 (0–10)
Genetic syndrome

  MEN 2a 0 2
  MEN 2b 1 2
  Von Hippel Lindau 1 0
  Neurofibromatosis 1 1 1

FU [months] (median; range) 70 (6–160)
FU rate 39/46 (84.8%) 56/68 (82.4%)
Local recurrence rate 2/39 (5.1%) 2/56 (3.6%)
Contralateral side 1/2 2/2
Distant metastases 1/39 (2.6%) 0/56
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survival rate are comparable to the reported series of open 
resections, irrespective of tumor size.

The recommendation to prefer an open approach for 
PCCs larger than 6 cm [24] is not supported by strong evi-
dence and, considering the benefits and the results of a mini-
mally invasive approach, should probably be reconsidered.

Authors’ contributions Simone Arolfo and Giuseppe Giraudo, design 
of the work, analysis, and interpretation of data; Caterina Franco, Elisa-
betta Seno, and Mirko Parasiliti Caprino, data collection and analysis; 
Mario Morino, supervision and final approval.

Funding Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement.

Data availability The datasets generated and analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Code availability Not applicable.

Declarations 

Ethics approval The study has been performed in accordance with the 
ethical standards as laid down in the 1964 Declaration of Helsinki and 
its later amendments.

Consent to participate All patients signed an informed consent before 
the operation.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Gagner M, Lacroix A, Bolté E (1992) Laparoscopic adrenalec-
tomy in Cushing’s syndrome and pheochromocytoma. N Engl J 
Med 327:1033

 2. Assalia A, Gagner M (2004) Laparoscopic adrenalectomy. Br J 
Surg 91:1259–1274

 3. Olson SW, Deal LE, Piesman M (2004) Epinephrine-secreting 
pheochromocytoma presenting with cardiogenic shock and pro-
found hypocalcemia. Ann Intern Med 140:849–851

 4. Petrák O, Strauch B, Zelinka T, Rosa J, Holaj R, Vránková A, 
Kasalický M, Kvasnicka J, Pacák K, Widimský J Jr (2010) Factors 
influencing arterial stiffness in pheochromocytoma and effect of 
adrenalectomy. Hypertens Res 33:454–459

 5. Kwong YL, Yu YL, Lam KS, Woo E, Ma JT, Huang CY (1987) 
CT appearance in hypertensive encephalopathy. Neuroradiology 
29:215

 6. Fujiwara M, Imachi H, Murao K, Muraoka T, Ohyama T, Miyai 
Y, Kushida Y, Haba R, Kakehi Y, Ishida T (2009) Improvement 
in renal dysfunction and symptoms after laparoscopic adrenalec-
tomy in a patient with pheochromocytoma complicated by renal 
dysfunction. Endocrine 35:57–62

 7. Salehi A, Legome EL, Eichhorn K, Jacobs RS (1997) Pheochro-
mocytoma and bowel ischemia. J Emerg Med 15:35–38

 8. Conzo G, Musella M, Corcione F et al (2013) Laparoscopic adre-
nalectomy, a safe procedure for pheochromocytoma. A retrospec-
tive review of clinical series. Int J Surg 11:152–156

 9. Murphy MM, Witkowski ER, Ng SC et al (2010) Trends in adre-
nalectomy: a recent national review. Surg Endosc 24:2518–2526

 10. Bergamini C, Martellucci J, Tozzi F, Valeri A (2011) Complica-
tions in laparoscopic adrenalectomy: the value of experience. Surg 
Endosc 25:3845–3851

 11. Walz MK, Petersenn S, Koch JA, Mann K, Neumann HP, Schmid 
KW (2005) Endoscopic treatment of large primary adrenal 
tumours. Br J Surg 92:719–723

 12. Shen ZJ, Chen SW, Wang S, Jin XD, Chen J, Zhu Y, Zhang 
RM (2007) Predictive factors for open conversion of laparo-
scopic adrenalectomy: a 13-year review of 456 cases. J Endourol 
21:1333–1337

 13. Murphy MM, Witkowski ER, Ng SC, McDade TP, Hill JS, Larkin 
AC, Whalen GF, Litwin DE, Tseng JF (2010) Trends in adrenal-
ectomy: a recent national review. Surg Endosc 24:2518–2526

 14. Gupta PK, Natarajan B, Pallati PK, Gupta H, Sainath J, Fitzgib-
bons RJ Jr (2011) Outcomes after laparoscopic adrenalectomy. 
Surg Endosc 25:784–794

 15. Bittner JG 4th, Gershuni VM, Matthews BD, Moley JF, Brunt LM 
(2013) Risk factors affecting operative approach, conversion, and 
morbidity for adrenalectomy: a single-institution series of 402 
patients. Surg Endosc 27:2342–2350

 16. Kercher KW, Novitsky YW, Park A, Matthews BD, Litwin DE, 
Heniford BT (2005) Laparoscopic curative resection of pheochro-
mocytomas. Ann Surg 241:919–926

 17. Walz MK, Alesina PF, Wenger FA, Koch JA, Neumann HP, 
Petersenn S, Schmid KW, Mann K (2006) Laparoscopic and ret-
roperitoneoscopic treatment of pheochromocytomas and retrop-
eritoneal paragangliomas: results of 161 tumors in 126 patients. 
World J Surg 30:899–908

 18. Solorzano CC, Lew JI, Wilhelm SM, Sumner W, Huang W, Wu 
W, Montano R, Sleeman D, Prinz RA (2007) Outcomes of pheo-
chromocytoma management in the laparoscopic era. Ann Surg 
Oncol 14:3004–3010

 19. Tatsugami K, Eto M, Hamaguchi M, Yokomizo A, Harano M, 
Naito S (2009) What affects the results of a laparoscopic adre-
nalectomy for pheochromocytoma? Evaluation with respect 
to intraoperative blood pressure and state of tumor. J Endourol 
23:101–105

 20. Hue JJ, Bingmer K, Zhao H, Ammori JB, Wilhelm SM, Towe 
CW, Rothermel LD (2021) Reassessing the impact of tumor size 
on operative approach in adrenocortical carcinoma. J Surg Oncol. 
https:// doi. org/ 10. 1002/ jso. 26418

 21. Wilhelm SM, Prinz RA, Barbu AM, Onders RP, Solorzano CC 
(2006) Analysis of large versus small pheochromocytomas: opera-
tive approaches and patient outcomes. Surgery 140:553–559

 22. Ippolito G, Palazzo FF, Sebag F, Thakur A, Cherenko M, Henry 
JF (2008) Safety of laparoscopic adrenalectomy in patients with 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/jso.26418


Langenbeck's Archives of Surgery 

1 3

large pheochromocytomas: a single institution review. World J 
Surg 32:840–844

 23. Perry KA, El Youssef R, Pham TH, Sheppard BC (2010) Lapa-
roscopic adrenalectomy for large unilateral pheochromocytoma: 
experience in a large academic medical center. Surg Endosc 
24:1462–1467

 24. Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, 
Grebe SK, Murad MH, Naruse M, Pacak K, Young WF Jr, Endo-
crine Society (2014) Pheochromocytoma and paraganglioma: an 
endocrine society clinical practice guideline. J Clin Endocrinol 
Metab 99:1915–42

 25. Porpiglia F, Garrone C, Giraudo G, Destefanis P, Fontana D, 
Morino M (2001) Transperitoneal laparoscopic adrenalectomy: 
experience in 72 procedures. J Endourol 15:275–279

 26. Thompson LD (2002) Pheochromocytoma of the Adrenal gland 
Scaled Score (PASS) to separate benign from malignant neo-
plasms: a clinicopathologic and immunophenotypic study of 100 
cases. Am J Surg Pathol 26:551–566

 27. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann Surg 240:205–213

 28. Agha RA, Borrelli MR, Farwana R, Koshy K, Fowler A, Orgill 
DP, for thePROCESS Group (2018) The PROCESS 2018 state-
ment: updating consensus Preferred Reporting Of CasE Series in 
Surgery (PROCESS) Guidelines. Int J Surg 60:279–282

 29. Parasiliti-Caprino M, Lucatello B, Lopez C et al (2020) Predic-
tors of recurrence of pheochromocytoma and paraganglioma: a 
multicenter study in Piedmont, Italy. Hypertens Res 43:500–510

 30. Jaroszewski DE, Tessier DJ, Schlinkert RT, Grant CS, Thompson 
GB, van Heerden JA, Farley DR, Smith SL, Hinder RA (2003) 
Laparoscopic adrenalectomy for pheochromocytoma. Mayo Clin 
Proc 78:1501–1504

 31. Kazaryan AM, Kuznetsov NS, Shulutko AM, Beltsevich DG, 
Edwin B (2004) Evaluation of endoscopic and traditional open 
approaches to pheochromocytoma. Surg Endosc 18:937–941

 32. Tiberio GA, Baiocchi GL, Arru L, Agabiti Rosei C, De Ponti S, 
Matheis A, Rizzoni D, Giulini SM (2008) Prospective randomized 
comparison of laparoscopic versus open adrenalectomy for spo-
radic pheochromocytoma. Surg Endosc 22:1435–1439

 33. Fernández-Cruz L, Taurá P, Sáenz A, Benarroch G, Sabater 
L (1996) Laparoscopic approach to pheochromocytoma: 

hemodynamic changes and catecholamine secretion. World J Surg 
20:762–768

 34. Joris JL, Hamoir EE, Hartstein GM, Meurisse MR, Hubert BM, 
Charlier CJ, Lamy ML (1999) Hemodynamic changes and cat-
echolamine release during laparoscopic adrenalectomy for pheo-
chromocytoma. Anesth Analg 88:16–21

 35. Bruynzeel H, Feelders RA, Groenland TH, van den Meiracker 
AH, van Eijck CH, Lange JF, de Herder WW, Kazemier G (2010) 
Risk factors for hemodynamic instability during surgery for pheo-
chromocytoma. J Clin Endocrinol Metab 95:678–685

 36. Namekawa T, Utsumi T, Kawamura K, Kamiya N, Imamoto T, 
Takiguchi T, Hashimoto N, Tanaka T, Naya Y, Suzuki H, Ichikawa 
T (2016) Clinical predictors of prolonged postresection hypoten-
sion after laparoscopic adrenalectomy for pheochromocytoma. 
Surgery 159:763–770

 37. Kwon SY, Lee KS, Lee JN, Ha YS, Choi SH, Kim HT, Kim 
TH, Yoo ES, Kwon TG (2016) Risk factors for hypertensive 
attack during pheochromocytoma resection. Investig Clin Urol 
57:184–190

 38. Rao N, Ramachandran R, Tandon N, Singh P, Kumar R (2016) 
Surgical and hemodynamic outcomes in pheochromocytoma sur-
gery: a prospective cohort study. Urology 98:103–106

 39. Agarwal G, Sadacharan D, Aggarwal V, Chand G, Mishra A, 
Agarwal A, Verma AK, Mishra SK (2012) Surgical management 
of organ-contained unilateral pheochromocytoma: comparative 
outcomes of laparoscopic and conventional open surgical proce-
dures in a large single-institution series. Langenbecks Arch Surg 
397:1109–1116

 40. Kiernan CM, Du L, Chen X, Broome JT, Shi C, Peters MF, Solor-
zano CC (2014) Predictors of hemodynamic instability during 
surgery for pheochromocytoma. Ann Surg Oncol 21:3865–3871

 41. Li J, Wang Y, Chang X, Han Z (2020) Laparoscopic adrenalec-
tomy (LA) vs open adrenalectomy (OA) for pheochromocytoma 
(PHEO): a systematic review and meta-analysis. Eur J Surg Oncol 
46(6):991–998

 42. Goffredo P, Sosa J, Román S (2013) Malignant pheochromocy-
toma and paraganglioma: a population level analysis of long-term 
survival over two decades. J Surg Oncol 107:659–664

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Minimally invasive adrenalectomy for large pheochromocytoma: not recommendable yet? Results from a single institution case series
	Abstract
	Background 
	Methods 
	Outcomes 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


