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ABSTRACT
Aim: To evaluate the laparoscopic approach to adrenalectomy 
throughout a decade in a single area, focussing on complication 
rates and the effect of surgeon experience. Given the relative 
rareness and pathological heterogeneity of adrenal tumors, 
there is still some debate as to whether the laparoscopic 
approach is suitable for all situations. Initially, laparoscopy 
was not recommended for pheochromocytomas, because of 
the possibility of adrenergic crisis. Subsequent questions were 
raised as to its appropriateness for large tumors (>6 cm) and 
metastatic deposits due to the technical difficulty of dissection. 
There has also been an increased number of incidental tumors 
(‘incidentalomas’) discovered while imaging for other reasons 
(e.g., on CT or MRI). 

Materials and methods: De-identified data was collected of 
all laparoscopic adrenalectomies within the last decade via 
electronic and physical chart review, in addition to review of 
pathology reports.

Results: Ninety-seven adrenalectomies were performed. The 
complication rate was 8%, and 40% of cases were incidentalo-
mas. Tumor pathologies noted were: non-secretory adenomas 
(35%), aldosterone-secreting adenomas (18.6%), adrenal 
metastases (17.5%), pheochromocytomas (13.4%), simple 
cysts (4.1%) and other pathologies (11.3%). The most significant 
decrease in operative time was between 2005–2008 and 2009 
(p <0.0001). No significant relationship between complications 
and size of a tumor, nor pathology of a tumor was found. 

Conclusion and clinical significance: Laparoscopic adrenal-
ectomy in this center has a complication rate similar to other 
published rates and appears to be a safe procedure for large 
tumors and various pathologies. There is also a demonstrable 
effect of surgeon experience on operative time.
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INTRODUCTION

Adrenal tumors are a rare and distinctly heterogeneous 
group of tumors. They can be differentiated by area of 
origin within the adrenal cortex or medulla; the degree of 
their symptoms or; into benign and malignant. For most 
tumors, the laparoscopic approach has been established 
as the mainstay of treatment.1,2 Still, there are a number 
of questions which have arisen in regards to when this 
approach is appropriate.

Laparoscopic adrenalectomy has been well established 
for benign cortical tumors, pheochromocytomas, and 
metastases. The only limiting factor for laparoscopy in 
these pathologies is the size of the lesion, with the limit 
being around 12 cm. There is still ongoing debate about 
the use of laparoscopy in adrenal carcinoma, with some 
authorities stating that only open technique should be used. 
Some data suggest that patients do better in terms of overall 
and disease-free survival with open adrenalectomy.3 
The major risks contributing to the morbidity of the 
laparoscopic approach are open conversion, long operative 
time and increased blood loss.4 A large tumor size (defined 
as > 6 cm) is found in the literature to be feasible and safe, 
but possibly with increased operative time and blood 
loss.5-8 The other question for the laparoscopic approach 
is concerning the pathology of the lesion. In the case of 
malignant tumors, there has been a question of seeding 
the tumor or spillage if the tumor capsule is broken. It has 
shown to be effective in some studies, but the decision to 
convert to an open should be made early to avoid these 
consequences.9,10 There have also been a number of studies 
looking into the effectiveness for metastatic deposits of the 
adrenal gland.11,12

Even though one of the two cases reported in 
Gagner’s original 1992 paper describing laparoscopic 
adrenalectomy was a pheochromocytoma, for some time 
it was disputed whether this was a safe approach.13,14 The 
pneumoperitoneum and possible increased handling of 
a tumor holds risks of the hypertensive crisis, for which 
invasive arterial pressure monitoring and treatment such 
as nitroprusside may be warranted. Subsequent studies 
have determined that the laparoscopic approach has 
equivalent if not better blood pressure stability.15
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A more novel indication for laparoscopic adrenalectomy 
is that of the adrenal incidentaloma. With the increasing 
availability of imaging, there has been an increase in the 
proportion of adrenal lesions diagnosed incidentally. 
Adrenalectomy has been recommended for tumors greater 
than 4 cm due to the risk of malignancy.16 The slightly 
increased use of partial adrenalectomy for small adrenal 
tumors has raised questions about whether asymptomatic 
tumors should be resected.17-19

The overall objective of this study was to retrospectively 
evaluate the laparoscopic treatment of adrenal tumors in 
Townsville, Queensland for the last 10 years. Specifically, we 
determined how many laparoscopic adrenalectomies were 
performed; what percentage of these belonged to particular 
pathological groups (aldosteronoma, pheochromocytoma, 
Cushing’s’ disease, adrenal metastasis, incidentaloma, 
cyst) and what the complication rate was in this area 
(including conversion to open). We also examined whether 
operative time decreased with surgeon experience and 
whether the laparoscopic approach is appropriate for 
tumors > 6 cm, metastases, pheochromocytomas, and 
incidentalomas < 4 cm. The indications for surgery were 
collected (incidentaloma or symptomatic) and the number 
of partial adrenalectomies. 

MATERIALS AND METHODS

De-identified data were collected of all laparoscopic 
adrenalectomies performed in one geographic area for 
the last decade. Cases which were converted to open were 
included in the study and the data collected included 
patient demographics (age, gender), length of stay, 
complications, pathology (benign or malignant tumor) 
and operative time. Operative time was considered as 
a knife to skin time until time to end of the closure. 
Both suspected pathology (preoperative diagnosis) and 
definitive pathology as per final report were collected. 
Tumors which were discovered as an incidental finding 
on imaging were determined to be incidentalomas. Data 
was collected from electronic medical records, physical 
charts, and pathology reports. 

Microsoft Excel was used to collate data, and statistical 
software Statistical Package for the Social Sciences (SPSS) 

version 21 was used for analysis. Data where appropriate 
are presented as percentages. Normality of data was 
determined using the Shapiro-Wilk Test, with data being 
non-parametric, Man–Whitney tests and Kruskal Wallis 
Test were employed to determine differences between 
two groups and more than two groups respectively. 
Association between categorical data was determined 
using the chi-squared test, with a p value of < 0.05 
considered as statistically significant.

Ethics for both sites included in this study (Townsville 
Hospital and Mater Hospital Townsville) was obtained 
from the Human Research Ethics Committee for each 
site. All data were collected in a de-identified manner 

RESULTS

Over the last decade, 97 adrenalectomies were performed 
on 44 (45%) males and 53 (55%) females with a mean age 
of 54.5. The oldest patient was 89 years old, and the young-
est was 22. The breakdown of pathologies is reported in 
Table 1, showing that the most common pathology was 
the non-secretory adenoma. Total 40% of cases were 
incidentalomas. Approximately, 92% of cases had no com-
plication. The most common complication was damage to 
other organs (4.1%), with open conversion, intraoperative 
bleeding and postoperative bleeding only occurring once 
each (~1.0%). There was one instance of high blood pres-
sure and heart rate intraoperatively during manipulation 
of a pheochromocytoma.

Statistical analysis as detailed above showed that 
the most significant decrease in operative time was 
comparing 2005–2009 (p < 0.0001). Significant decreases 
were also seen when comparing 2005–2008 operative 
times to 2010–2011 (p < 0.005), 2012-2013 (p < 0.01) and 
2014–2015 (p < 0.005). 

On examination of tumour pathology reports, 36.4% 
were < 4 cm size; 28.4% were 4–6 cm size; and 33% > 6 cm  
size. Total 13% of tumors < 4 cm had complications as did 
10% of tumors > 6 cm, with 4 to 6 cm having only 4%.  
The only case of open conversion was in the > 6 cm 
group. Incidentalomas and pheochromocytomas had 
the same rate of complication as this general group of 
adrenalectomies. Metastases had a 14% complication 

Table 1: Breakdown of pathology

Pathology Number of cases Percentage of total cases (%)
Non-secretory adenoma 34 35.1
Aldosterone secreting adenoma 18 18.6
Adrenal metastases 17 17.5
Pheochromocytomas 13 13.4
Other † 11 11.3
Simple cyst 4 4.1
Adrenal cortical carcinoma 3 3
† Other pathologies: schwannoma (2), multinodular adrenal cortical hyperplasia, adrenal hemorrhage, ganglioneuroma, hemangioma and myelolipoma
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rate and adenomas a 10%. Chi-squared analyses showed 
there was no relationship between complications and 
size of a tumor, nor pathology of a tumor. Four cases 
(~4%) were partial adrenalectomies, of which one was an 
incidentaloma. Complication rates were exactly equal for 
cases in the public or private hospital. 6% of cases predicted 
a pathology which was different on the final pathology. 

DISCUSSION

Published complication rates range from 7.5–12%,20-22 so a 
complication rate of 8% is comparable to the lower end of 
this range. It is also interesting to note that there was no 
difference between public and private complication rates.

Looking at the data for the operative time it is clear 
that as the number of cases performed by surgeons in 
this area increased, there was a decrease in operative 
time, particularly after 2008. Other procedures have 
been analyzed to look at the learning curve, including 
laparoscopic cholecystectomy,23 laparoscopic colorectal 
surgery,24 laparoscopic inguinal hernia repair25 and 
laparoscopic fundoplication.26 These studies all measured 
operative time and complication rate to determine a 
learning curve expressed as a number of cases before 
stabilization of these two variables. As an exercise, 
measuring the learning curve of a procedure is 
potentially useful for training purposes, but also is useful 
from a health economics perspective as operating theatre 
costs are likely higher during the learning phase.27 In 
this study, half of the complications documented were 
within the first three years of adrenalectomy, before the 
significant decrease in surgeon time. Therefore, it would 
seem that the complications and operative time stabilized 
after 2008. Because the number of cases each surgeon 
performed per year was not recorded, we cannot express 
this as a number of cases. However, the same surgeons 
were operating for the whole decade and so we can say 
that there was a demonstrable learning curve.

The data in Table 2 shows the complication rate for 
each size group of a tumor. As there was no significant 
difference in complication rates between the three 
categories of tumor size it supports the idea that both small 
and large tumors can be approached laparoscopically. 
Despite early concerns about the feasibility and safety of 
approaching large tumors laparoscopically, our findings 
are backed up by a number of more recent papers and 

supports the growing body of evidence stating that a 
large tumor size is not an absolute contraindication to 
laparoscopy.5-8 

Quite a large number (40%) of cases were incidentalomas, 
demonstrating how increasing usage of broader imaging 
modalities (such as high-resolution CT) have changed 
the caseload for adrenalectomies.28 There was also no 
significant difference in complication rate for different 
tumor pathologies, which would indicate that it is safe to 
use the laparoscopic approach for metastatic tumor deposits 
and pheochromocytomas. Interestingly there was one case 
of high blood pressure and heart rate when operating on 
a pheochromocytoma, demonstrating that despite the 
laparoscopic approach being the most appropriate14,29 the 
risk of an androgenic crisis must be mitigated.14,15  There were 
also a small number of tumors where the final pathology 
did not match the expected pathology, mostly where 
asymptomatic tumors were predicted to be adenomas and 
had different characteristics after microscopic pathological 
examination (e.g., ganglioneuroma, pheochromocytoma, 
metastatic deposit).

There were only a small number of partial adrena
lectomies in this study, and they were not predominantly 
used for incidentalomas. While Kaye, Storey 19 strongly 
support increased use of partial adrenalectomy for small 
tumors, it has not become common practice in most places, 
as demonstrated by the small number of cases in this study. 
While there is an increasing number of studies supporting 
the use of partial adrenalectomy as it retains functional 
adrenal tissue30-33 there are still instances where it is seen 
to be less effective34 which may explain why it remains a 
less common procedure.

CONCLUSION AND CLINICAL SIGNIFICANCE

Overall, the results of this study add to the current body 
of research demonstrating that the laparoscopic approach 
to adrenalectomy is safe and effective in a variety of 
tumor sizes and pathologies. It also neatly demonstrates 
diminishing operative time as surgeon experience 
increased over a decade, demonstrating a considerable 
learning curve in performing this procedure. While there 
are now moves towards retroperitoneal and other novel 
approaches, it is useful to evaluate the usefulness of the 
standard laparoscopic approach now that it is possible to 
look at data over longer periods of time. 

REFERENCES

	 1.	 Guazzoni G, Montorsi F, Bocciardi A, Da Pozzo L, Rigatti P, 
Lanzi R, et al. Transperitoneal Laparoscopic Versus Open 
Adrenalectomy for Benign Hyperfunctioning Adrenal 
Tumors: A Comparative Study. The Journal of Urology. 1994 
May;153(5):1597-1600.

Table 2: Tumor size and complications

Tumour size
Number of 
cases

Number of 
complications

Complication 
rate for size 
group (%)

< 4 cm 32 4 13
4–6 cm 25 1 4
> 6 cm 29 3 10



Ekta Paw et al.

84

	 2.	 Imai T, Kikumori T, Ohiwa M, Mase T, Funahashi H. A case-con-
trolled study of laparoscopic compared with open lateral adrenal-
ectomy. The American Journal of Surgery. 1999 July;178(1):50-53.

	 3.	 Porpiglia F, Miller B, Manfredi M, Fiori C, Doherty G. A debate 
on laparoscopic versus open adrenalectomy for adrenocortical 
carcinoma. HORM CANC. 2011 December;2(6):372-327. 

	 4.	 Bittner J, Gershuni V, Matthews B, Moley J, Brunt M. Risk 
factors affecting operative approach, conversion, and mor-
bidity for adrenalectomy: a single-institution series of 402 
patients. Surg Endosc. 2013 July;27(7):2342-2350. 

	 5.	 Kazaryan A, Mala T, Edwin B. Does Tumor Size Influence the 
Outcome of Laparoscopic Adrenalectomy? Journal of Laparo-
endoscopic & Advanced Surgical Techniques. 2004;11(1):1-4. 

	 6.	 Zografos GN, Farfaras A, Vasiliadis G, Pappa T, Aggeli C, 
Vasilatou E, et al. Laparoscopic Resection of Large Adrenal 
Tumors. JSLS: Journal of the Society of Laparoendoscopic 
Surgeons.  2010 Feb;14(3):364-368.

	 7.	 Hara I, Kawabata G, Hara S, Yamada Y, Tanaka K, Fujisawa 
M. Clinical outcomes of laparoscopic adrenalectomy accord-
ing to tumor size. International Journal of Urology. 2005 
Dec;12(12):1022-1027.

	 8.	 Hwang I, Jung S-I, Yu S, Hwang E, Yu H, Kim S-O, et al. Is larger 
tumor size a contraindication to retroperitoneal laparoscopic 
adrenalectomy? World J Urol. 2013 Aug;32(3):723-728. 

	 9.	 Zografos G, Vasiliadis G, Farfaras A, Aggeli C, Digalakis M. 
Laparoscopic Surgery for Malignant Adrenal Tumors. JSLS: 
Journal of the Society of Laparoendoscopic Surgeons. 2009 
Apr;13(2):196-202.

	 10.	 Kebebew E, Siperstein AE, Clark OH, Duh Q. Results of laparo-
scopic adrenalectomy for suspected and unsuspected malignant 
adrenal neoplasms. Archives of Surgery. 2002 Aug;137(8):948-953.

	 11.	 Hwang E, Hwang I, Jung S, Kang T, Kwon D, Heo S, et al. 
Prognostic factors for recurrence-free and overall survival 
after adrenalectomy for metastatic carcinoma: a retrospective 
cohort pilot study. BMC Urology. 2014 May;14(1):41. 

	 12.	 Duh Q-Y. Laparoscopic Adrenalectomy for Isolated Adrenal 
Metastasis: The Right Thing to Do and the Right Way to Do 
It. Annals of Surgical Oncology. 2007 09/25, 07/16/received, 
07/17/accepted 2007 Sep;14(12):3288-3289. 

	 13.	 Gagner M, Lacroix A, Bolte E. Laparoscopic Adrenalectomy in 
Cushing’s Syndrome and Pheochromocytoma. New England 
Journal of Medicine. 1992 Oct;327(14):1033.

	 14.	 Edwin B, Kazaryan A, Mala T, Pfeffer P, Tonnessen T, Fosse 
E. Laparoscopic and open surgery for pheochromocytoma. 
BMC Surgery. 2001 Aug;1(1):2.

	 15.	 Gagner M, Breton G, Pharand D, Pomp A. Is laparoscopic 
adrenalectomy indicated for pheochromocytomas? Surgery. 
1996 Dec;120(6):1076-1080.

	 16.	 Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Alì 
A, et al. A Survey on Adrenal Incidentaloma in Italy. The 
Journal of Clinical Endocrinology & Metabolism. 2000 2000 
Feb;(2):637-644.

	 17.	 Dziwiatr M, Natkaniec M, Kisialeuski M, Major P, Matok M, 
Koodziej D. Adrenal Incidentalomas: Should We Operate 
on Small Tumors in the Era of Laparoscopy? International 
Journal of Endocrinology. 2014 Apr;2014:5.

	 18.	 Cavallaro G, Polistena A, D’Ermo G, Letizia C, De Toma G. 
Partial adrenalectomy: when, where, and how? Consider-
ations on technical aspect and indications to surgery. Eur 
Surg. 2011 Nov;44(3):150-154. English.

	 19.	 Kaye DR, Storey BB, Pacak K, Pinto PA, Linehan WM, Brat-
slavsky G. Partial Adrenalectomy: Underused First Line 
Therapy for Small Adrenal Tumors. The Journal of Urology. 
2010 July;184(1):18-25.

	 20.	 Gagner M, Pomp A, Heniford BT, Pharand D, Lacroix A. Lapa-
roscopic adrenalectomy: lessons learned from 100 consecu-
tive procedures. Annals of Surgery. 1997 Sep;226(3):238-247. 

	 21.	 Suzuki K, Ushiyama T, Ihara H, Kageyama S, Mugiya S, 
Fujita K. Complications of Laparoscopic Adrenalectomy in 
75 Patients Treated by the Same Surgeon. European Urology. 
1999 July;36(1):40-47.

	 22.	 Terachi T, Yoshida O, Matsuda T, Orikasa S, Chiba Y, 
Takahashi K, et al. Complications of laparoscopic and ret-
roperitoneoscopic adrenalectomies in 370 cases in Japan: a 
multi-institutional study. Biomedicine & Pharmacotherapy. 
2000 June;54, Supplement 1:211s-4s.

	 23.	 Moore M, Bennett C. The learning curve for laparoscopic 
cholecystectomy. The Southern Surgeons Club. Am J Surg. 
1995 July;170(1):55-59. 

	 24.	 Tekkis PP, Senagore AJ, Delaney CP, Fazio VW. Evaluation 
of the Learning Curve in Laparoscopic Colorectal Surgery: 
Comparison of Right-Sided and Left-Sided Resections. 
Annals of Surgery. 2005 July;242(1):83-91. 

	 25.	 Voitk AJ. The learning curve in laparoscopic inguinal hernia 
repair for the community general surgeon. Canadian Journal 
of Surgery. 1998 Dec;41(6):446-450. 

	 26.	 Watson DI, Baigrie RJ, Jamieson GG. A learning curve for 
laparoscopic fundoplication. Definable, avoidable, or a waste 
of time? Annals of Surgery. 1996 Aug;224(2):198-203.

	 27.	 Park J-S, Kang S-B, Kim S-W, Cheon G-N. Economics and the 
Laparoscopic Surgery Learning Curve: Comparison with 
Open Surgery for Rectosigmoid Cancer. World J Surg. 2007 
2007/09/01;31(9):1827-1834. English.

	 28.	 Bovio S, Cataldi A, Reimondo G, Sperone P, Novello S, Berruti 
A, et al. Prevalence of adrenal incidentaloma in a contempo-
rary computerized tomography series. J Endocrinol Invest. 
2006 Apr;29(4):298-302. 

	 29.	 Mellon MJ, Sundaram CP. Laparoscopic Adrenalectomy for 
Pheochromocytoma Versus Other Surgical Indications. JSLS: 
Journal of the Society of Laparoendoscopic Surgeons. 2008 
Oct;12(4):380-384. 

	 30.	 Walther MM, Herring J, Choyke PL, Linehan WM. Laparo-
scopic Partial Adrenalectomy in Patients with Hereditary 
forms of Pheochromocytoma. The Journal of Urology. 2000 
July;164(1):14-17.

	 31.	 Walther MM, Keiser HR, Choyke PL, Rayford W, Lyne JC, 
Linehan WM. Management of Hereditary Pheochromocy-
toma in Von Hippel-Lindau Kindreds with Partial Adrenal-
ectomy. The Journal of Urology. 1999 Feb;161(2):395-398.

	 32.	 Munver R, Del Pizzo JJ, Sosa RE. Adrenal-preserving 
minimally invasive surgery: The role of laparoscopic partial 
adrenalectomy, cryosurgery, and radiofrequency ablation of 
the adrenal gland. Curr Urol Rep. 2003 Feb;4(1):87-92. 

	 33.	 Jeschke K, Janetschek G, Peschel R, Schellander L, Bartsch G, 
Henning K. Laparoscopic partial adrenalectomy in patients 
with aldosterone-producing adenomas: indications, tech-
nique, and results. Urology. 2003 Feb;61(1):69-72.

	 34.	 Ishidoya S, Ito A, Sakai K, Satoh M, Chiba Y, Sato F, et al. Lapa-
roscopic partial versus total adrenalectomy for aldosterone pro-
ducing adenoma. The Journal of Urology. 2005 July;174(1):40-43.

 


