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a b s t r a c t 

Background: We sought to determine whether obesity is correlated with complications after posterior 

retroperitoneoscopic adrenalectomy for benign diseases and to develop surrogate markers of abdominal 

fat in preoperative computed tomography. 

Methods: We conducted a retrospective chart review of all patients who had undergone posterior 

retroperitoneoscopic adrenalectomy and preoperative computed tomography between January 1, 2008 

and December 31, 2015. The cross-sectional components of fat assessed by computed tomography in- 

cluded total fat area, subcutaneous fat area, retroperitoneal fat area, and peritoneal fat area. The patients 

were grouped into 2 categories according to the absence or presence of a postoperative complication (the 

no-complications group and the complications group, respectively). 

Results: Of 116 study patients, 20 patients (17%) had a postoperative complication. Operations of greater 

duration and smaller adrenal gland size were significantly correlated with complications both in univari- 

ate and multivariate analyses. Body mass index, total fat area, subcutaneous fat area, retroperitoneal fat 

area, peritoneal fat area, and distance of skin to muscle (in axial and sagittal images) correlated with 

complications in univariate analysis but not in multivariate analysis. In the no-complications group, the 

removed adrenal gland was larger than that removed in the complications group (6 vs 4 cm, respectively, 

P = .001), whereas the complications group had a greater operative duration (139 vs 104 min, respectively, 

P = .001) and a greater duration of hospital stay (3 days vs 1 day, respectively, P = .001). 

Conclusion: In this study, operations of greater duration and smaller adrenal gland size were better pre- 

dictors of complications after posterior retroperitoneoscopic adrenalectomy for benign disease than mea- 

sures of obesity, including body mass index. 

© 2018 Elsevier Inc. All rights reserved. 
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Transabdominal laparoscopic adrenalectomy (LA), first de-

cribed in 1992, was shown to be superior to the open approach

n terms of morbidity, complications, hospital stay, and postop-

rative pain and hence quickly became the gold standard. 1,2 The

idespread use of laparoscopic procedures and technologic ad-

ances led to the development of the posterior retroperitoneo-

copic adrenalectomy (PRA), first described in 1995, 3 which is per-
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ormed with the patient in the prone, jackknife position. The PRA

pproach was popularized by Walz et al 4 who demonstrated safety,

ecreased operative times, and rapid patient recovery. 4–6 These re-

ults were later confirmed by several studies that demonstrated

he safety and benefits of the PRA approach. 7–16 

In general, obesity is considered to be a major factor in the

egree of technical difficulty encountered during laparoscopic ab-

ominal surgery, although the effect on operative outcome is still

ontroversial. 17–21 Some researchers have reported that among pa-

ients who underwent LA, obesity had no influence on short-

erm outcome, and complications did not differ between obese

nd nonobese patients; other studies, however, found a substantial

ncrease in intraoperative and postoperative complications among

bese individuals undergoing LA. 22–28 Zonca et al reported in 2015
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Fig. 1. Flowchart of patients included in the study. 
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that obese patients who underwent PRA had a greater operative

duration, 30-day postoperative morbidity, and hospital stay than

did nonobese patients. 29 

Adipose tissue in the abdomen has various components, includ-

ing visceral fat, subcutaneous fat, and retroperitoneal fat. Previ-

ous studies have reported that visceral obesity is a more accurate

marker for the degree of technical difficulty encountered in LA and

nephrectomy than increased body mass index (BMI). 17,30 Retroperi-

toneal fat has been shown to be a more useful parameter than

BMI for predicting operative outcomes after LA. 31,32 Measuring the

various components of fat, especially retroperitoneal fat, has been

reported infrequently in the literature and has consisted of using

the “Polygonal Lasso Tool” to create regions of interest. 31,32 To our

knowledge, the exact effects of the various components of fat on

operative outcomes after PRA had not been investigated previously.

The aims of this study were to determine whether obesity is

correlated with complications associated with PRA performed in

our institution for benign diseases and to identify surrogate mark-

ers of abdominal fat on preoperative computed tomography (CT),

which can assist in surgical planning. 

Methods 

This study was approved by the institutional review board at

our institution (study number PA15-0951). The patient population

was identified by a search of prospectively collected data in the En-

docrine Surgery Database between January 1, 2008 and December

31, 2015. We included all patients who had undergone PRA in our

department and had available preoperative abdominal CT imag-

ing for review. The exclusion criteria are shown in Fig. 1 and in-

clude, among others, patients with adrenal malignancy, those with

incomplete records, and those without a preoperative abdominal
T. Myelolipomas and ganglioneuromas were excluded because of

mall number of these cases. 

Clinical information was obtained from the patient database

nd, when necessary, supplemented with data obtained directly

rom institutional medical records. Extracted data included demo-

raphic information (sex, age, and BMI), presenting symptomatol-

gy, type of operation, nursing notes, imaging studies, histopatho-

ogic results, complications (duration of operation, blood loss, and

onversion to open surgery), and follow-up details (outcome of

RA, etc.). 

perative technique 

All operations were performed by 1 of 5 experienced endocrine

urgeons in our department who are proficient in the PRA tech-

ique. All PRAs were performed according to a previously de-

cribed standardized technique. 10,33 In our center, patients are not

ligible for a PRA if there is any concern or uncertainty of adrenal

alignancy, large tumor size (although no absolute cutoff size, we

enerally use ∼8 cm), and patient characteristics that are restrict-

ng the PRA approach (ie, inability to tolerate positioning, prior

etroperitoneal operations/scarring) 36,37 . 

echnique for evaluating cross-sectional areas of fat on CT 

The amounts of total fat area (TFA), subcutaneous fat area (SFA),

etroperitoneal fat area (RFA), and peritoneal fat area (PFA) were

easured by helical CT. These measurements were assessed by

ross-sectional areas at the axial CT level of the adrenal lesion of

nterest. The TFA was considered to be distributed into 3 portions:

he SFA, the RFA, and the PFA. The TFA was determined by a CT

ttenuation window ( −180 to 0 Hounsfield Units) using a CT work-

tation (GE Advantage Windows; Fig. 2 ). The SFAs and RFAs were

elineated manually; the PFA was considered to be the remainder

ie, TFA minus SFA plus RFA). 

The axial anterior–posterior distances of skin surface to muscle

nd skin surface to the near and far aspects of the adrenal lesion

ere evaluated on the same axial CT section as mentioned previ-

usly ( Fig. 2 ). The sagittal distances of skin surface to muscle were

valuated along the linear trajectory inferior to the twelfth rib in

he sagittal CT plane of the adrenal lesion ( Fig. 2 ). 

The patients were grouped into 2 categories according to

he presence of postoperative complications (the complications

roup) or the absence of these complications (the no-complications

roup); complications included postoperative bleeding, wound in-

ection, atelectasis (defined as a delay in discharge owing to the

resence of otherwise unexplained fever or the need for pul-

onary physiotherapy or temporary supplemental oxygen), pneu-

othorax, need for reoperation, and need for antibiotics (Supple-

entary Table 1 ). 

tatistical analysis 

Demographic and clinical characteristics were summarized.

ata are reported as the median and range. Differences between

roups were compared with chi-squared and Fisher exact tests. As-

ociations of continuous variables between groups were assessed

y the nonparametric Mann-Whitney test. A multivariable logistic

egression analysis was performed to determine the independent

isk factors for complications. The selection of the variables to be

ncluded in this model was based on the statistical significance of

he correlation in the univariate analysis, and the variables were

ntered in the model in a single step using the enter method. 

Simple regression analysis was used to fit data to a model that

efines a functional relationship between 2 random variables, a

ependent variable y (operation duration) and one independent
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Fig. 2. Graphic representation of computed tomography imaging used to calculate the following: ( A ) yellow arrow represents the axial distance of skin to muscle (cm), ( B ) 

CS retroperitoneal fat area (cm 

2 ), and ( C ) yellow arrow represents the sagittal distance of skin to muscle (cm). 

Table 1 

Correlation of risk of complications after a PRA with clinical and surgical-related variables. 

No complications( n = 96) Complications( n = 20) P value 

N (%) n (%) 

Sex Male 39 (41) 7 (35) .803 

Female 57 (59) 13 (65) 

Ethnicity White 74 (77) 17 (85) .545 

Black 12 (13) 1 (5) 

Asian 4 (4) 0 

Hispanic 6 (6) 2 (10) 

BMI 0–25 24 (25) 0 .024 

25–30 24 (25) 7 (35) 

30–35 27 (28) 4 (20) 

> 35 21 (22) 9 (45) 

Surgeon 1 26 (27) 7 (35) .553 

2 48 (50) 7 (35) 

3 13 (14) 2 (10) 

4 4 (4) 2 (10) 

5 5 (5) 2 (10) 

ASA score 2 21 (22) 1 (5) .161 

3 73 (76) 19 (95) 

4 2 (2) 0 

Clinical diagnosis Adenoma 19 (20) 5 (25) .946 

Pheochromocytoma 38 (40) 8 (40) 

Cushing’s 10 (10) 2 (10) 

Conn’s adenoma 29 (30) 5 (25) 

Laterality of operation Right 46 (48) 7 (35) .210 

Left 50 (52) 13 (65) 

Age at operation (years) (median, range) 50 (9–86) 52 (15–77) .747 

Time between CT and operation (days) (median, range) 3 (0.2–56) 6 (1–13) .723 

Weight of specimen (g) (median, range) 20 (3–140) 18 (5–40) .206 

Size of specimen (cm) (median, range) 6 (2–12) 4 (3–7) .001 

Operative duration (min) (median, range) 104 (46–281) 139 (66–316) .001 

Blood loss (mL) (median, range) 10 (2–1300) 24 (5–200) .087 

Duration of stay (days) (median, range) 1 (1–7) 3 (1–20) .001 

Follow-up (months) (median, range) 7 (1–90) 5 (1–89) .130 

PRA = posterior retroperitoneoscopic adrenalectomy; BMI = body mass index; ASA = American Society of Anesthesiologists; CT = computed tomography. P < 0.05 

was considered statistically significant. 
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Table 2 

Comparison of CT imaging–related variables between patients with and without perioperative complications. 

No complications( n = 96) Complications( n = 20) P value 

Median (Range) Median (Range) 

TFA ∗ 29 (4–90) 45 (14–94) .001 

SFA ∗ 15 (2–61) 23 (7–64) .002 

RFA ∗ 4 (0.1–23) 7 (0.5–18) .059 

PFA ∗ 7 (0.6–27) 11 (3–38) .019 

Skin to muscle distance (axial) (cm) 1.4 (0.3–4.3) 2.1 (0.9–4.6) .003 

Skin to muscle distance (sagittal) (cm) 1.7 (0.5–4.8) 2.4 (1.1–4.8) .005 

TFA = total fat area (cm 

2 ); SFA = subcutaneous fat area (cm 

2 ); RFA = retroperitoneal fat area (cm 

2 ); PFA = peritoneal fat 

area(cm 

2 ). ∗In cross-sectional imaging, P < 0.05 was considered statistically significant. 

Table 3 

Multivariate analysis of risk of complications. 

B Wald Exp(B) 95% CI P value 

Operative duration (min) 0.015 5.135 1.015 1.00–1.03 .023 

Size of specimen (cm) −0.946 12.609 0.388 0.23–0.65 < .001 

BMI () 

0–25 n = 24 5.072 .167 

25–30 n = 31 20.287 0.0 646330344 0.0- .998 

30–35 n = 31 18.104 0.0 72847524 0.0- .998 

> 35 n = X 18.229 0.0 82523269 0.0- .998 

TFA ∗ 219.299 0.101 1.739E + 0.95 0.0- .751 

SFA ∗ −219.269 0.101 0.0 0.0- .751 

RFA ∗ −219.170 0.101 0.0 0.0- .751 

PFA ∗ −219.289 0.101 0.0 0.0- .751 

Skin to muscle distance (axial) (cm) −0.118 0.908 0.888 0.70–1.13 .341 

Skin to muscle distance (sagittal) (cm) 0.131 1.905 1.139 0.95–1.37 .167 

BMI = body mass index; TFA = total fat area (cm 

2 ); SFA = subcutaneous fat area (cm 

2 ); RFA = retroperitoneal fat area 

(cm 

2 ); PFA = peritoneal fat area(cm 

2 ). ∗In cross-sectional imaging, CI = confidence intervals; P < 0.05 was considered 

statistically significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A  

w  

o  

g  

P

 

O  

u  

w  

t  

m

 

t  

m  

t  

s  

o  

o  

n  

(  

p

 

m  

S  

a  

n  

v

 

b  

C  

C  

s  

d

variable (fat components). The statistical package in IBM SPSS

Statistics for Windows was used to perform linear regressions and

to establish correlation coefficients. All statistical analyses were

performed with use of IBM SPSS Statistics for Windows, Version

20.0 (IBM Corp., Armonk, NY). 

Results 

Figure 1 presents a flowchart of patients included in this study.

Of the 443 patients who underwent adrenalectomy during the

study period, 165 were eligible for the study, and after we applied

additional inclusion/exclusion criteria, 116 patients were included

in the study. 

Overall, of the 116 study patients, 96 had no postoperative com-

plications, and 20 had 1 or more complications (17%; Supplemen-

tary Table 1 ). The most common complication was pneumothorax

(6 patients). There were no significant differences between the 2

groups with respect to the presence of comorbidities or the use

of corticosteroids, tobacco, alcohol, warfarin, and antiplatelet and

antihypertensive medications (Supplementary Table 2 ). 

Table 1 compares the clinical characteristics between these 2

groups (the no-complications group and the complications group).

Patients with a BMI > 25 kg/m 

2 had more complications than did

patients with a BMI of 0–25 kg/m 

2 ( P = .024). There were no sig-

nificant differences between the groups with respect to sex, ethnic-

ity, the surgeon who performed the operation, American Society of

Anesthesiologists score, laterality of operation, age at the date of

operation, clinical diagnosis, and follow-up. The number of com-

plications was not statistically different when we controlled for di-

agnosis ( P = .946) or for the individual surgeon ( P = .553). 

Interestingly, in the no-complications group, the removed

adrenal gland specimen was larger than that removed in the

complications group (6 vs 4 cm, respectively, P = .001; Table 1 ).
s anticipated, patients in the complications group, compared

ith those in the no-complications group, had a greater duration

f operation (139 min vs 104 min, respectively, P = .001) and a

reater duration of hospital stay (3 days vs 1 day, respectively;

 = .001). 

Table 2 compares CT measures of adiposity between the groups.

n univariate analysis, the complications group had greater vol-

mes for TFAs (cm 

2 ), SFAs (cm 

2 ), and PFAs (cm 

2 ) ( P < .002 each)

hereas the RFAs (cm 

2 ) approached significance ( P = .059). Fur-

hermore, the complications group had greater distances of skin to

uscle on both axial and sagittal images ( P = .005 each). 

A multivariate logistic regression was performed to ascertain

he effects of operative duration, size of the adrenal gland speci-

en, BMI, and CT measurements on the likelihood that complica-

ions would occur. The logistic regression model was statistically

ignificant and explained 86% of complications. As seen in Table 3 ,

perative duration was associated with greater likelihood of devel-

ping complications ( P = .023), whereas the size of specimen was

egatively associated with likelihood of developing complications

 P < .001). BMI and CT measurements were not correlated to com-

lications in the multivariate analysis. 

Figure 3 shows the correlation between the cross-sectional

easurements of the various components of adipose tissue (TFA,

FA, PFA, and RFA) and the categories of BMI (0–25, 25–30, 30–35,

nd > 35). There was a statistical difference between all 4 compo-

ents of adipose tissue and the BMI categories ( P < .001 for all 4

ariables). 

A linear regression was calculated to predict operative duration

ased on cross-section (CS) TFA (cm 

2 ), CS SFA (cm 

2 ), CS RFA (cm 

2 ),

S PFA (cm 

2 ) and BMI ( Fig. 4 ). A regression equation was found for

S TFA, CS RFA , CS PFA , and BMI ( P < .001 each) and approached

ignificance for CS SFA ( P = .063). Regression equations and confi-

ence intervals are included in Fig. 4 . 
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Fig. 3. Correlation between components of fat measured in cross-section (CS; cm 

2 ) and body mass index categories; ( A ) CS total body fat (cm 

2 ), ( B ) CS subcutaneous fat 

(cm 

2 ), ( C ) CS retroperitoneal fat area (cm 

2 ), and ( D ) CS peritoneal fat (cm 

2 ). 
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iscussion 

PRA has gained wide acceptance as a safe technique and is at

east equal to LA in terms of operative outcomes. 8 PRA, however, is

onsidered by many to be a more technically demanding operation

ecause of the presumed unfamiliarity by general surgeons with

he retroperitoneal space and because of the relatively small op-

rating volume. Our study sought to investigate whether obesity is

orrelated with postoperative complications in patients undergoing

RA. 

The presence of a high BMI was considered previously to be

 contraindication to performing PRA. 4 The concern was that in

he prone position, obese patients would experience compression

f their retroperitoneum by their abdominal organs which would

esult in a very small operating space, even with insufflation pres-

ures of up to 22 mm Hg. 4 With increasing experience with this

ew technique, however, there has been a paradigm shift, and now

RA is considered to be acceptable for obese patients as long as

kin-to-retroperitoneal distances at the port sites do not exceed

he length of the working port; it has been understood, however,

hat a greater risk of complications than usual may be anticipated

n such patients. 10,29 , 34,35 

Our study demonstrated that patients with a BMI > 25 kg/m 

2 

nd 1 or more measures of components of abdominal fat (TFA,

FA, RFA, and potentially PFA) were univariate risk factors for com-

lications; however, on multivariate analysis, we could not con-

lude that obesity (in whichever form we evaluated, ie, BMI, cross-

ectional areas) was correlated with increased complications and,

herefore, prior exclusions should likely be precautionary and not

bsolute contraindications in experienced hands. This is the first

ime, to our knowledge, that the relationship of these surrogate

arkers of obesity to complication rates has been reported. We

lso demonstrated that the various components of fat (SFA, RFA,

nd PFA) increased exponentially as BMI increased. Erbil et al have

hown that RFA is a more useful parameter than BMI for predict-

ng operative outcomes in LA, and our results suggest that future
tudies of the role of obesity in operative outcomes should include

uch direct measures of adiposity. 32 

Our study found that the distance between skin and muscle

n both axial and sagittal images of the CT was correlated with

he presence of complications in the univariate analysis. This dis-

ance in reality represents the amount of subcutaneous tissue that

he trocars need to travel after insertion and is su 

∗p 

∗p 

∗o ∗rted by

he fact that the cross-sectional area of subcutaneous fat was also

ound to be statistically significant in the patients with a complica-

ion. A large amount of subcutaneous fat may predispose to wound

nfections and subcostal nerve injury, and if it results in increasing

he time needed for dissection or makes dissection difficult, this

ould contribute to complications, such as pneumothorax, atelec-

asis, or bleeding. As such, this distance could be used potentially

y the clinician as an indirect marker to predict the risk of post-

perative complications. 

Our study has also demonstrated that smaller size adrenal tu-

ors are a risk factor for the occurrence of complications. Al-

hough this result seems counterintuitive, we emphasize that the

atients in this series were selected to undergo a minimally in-

asive operation, and therefore, the tumors were generally small

o medium in size (median, 5.5 cm; range 1.1 to 12 cm). It is con-

eivable that the smaller tumors and their associated adrenal gland

equired a somewhat greater duration of time to identify and dis-

ect within the retroperitoneal fat, and as such, required on aver-

ge a greater operative time and predisposed to a greater rate of

omplications. Although we urge caution regarding overemphasis

n the results of our multivariate analysis because of the relatively

mall number of complications in our population of a modest sam-

le size and the challenges associated with the inclusion of multi-

le highly correlated measures of obesity/adiposity, it is interesting

o note that both smaller adrenal size and greater operative times

ere more powerful predictors of risk of complications than any

ingle measure of obesity, including BMI. 

The regression equations for CS TFA, CS RFA, CS PFA, and BMI

resented in this study have shown that it is possible to predict



642 I. Christakis et al. / Surgery 165 (2019) 637–643 

Fig. 4. Linear regression between operative duration and components of fat measured in cross-section (CS; cm 

2 ) and body mass index categories; ( A ) CS total body fat (cm 

2 ), 

( B ) CS subcutaneous fat (cm 

2 ), ( C ) CS retroperitoneal fat area (cm 

2 ), ( D ) CS peritoneal fat (cm 

2 ), and (E) BMI (kg/m 

2 ). 
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the operative time before the actual operation. These formulas pro-

vide proof of correlation and could in theory be of use to the sur-

geon by optimizing the use of the operating list and allocating the

appropriate time slots for each patient in a more patient-centered

approach. 

In an attempt to capture all major unintended morbidity asso-

ciated with PRA in this patient population, we included a number

of relatively minor complications. Even so, our study is limited by

the relatively small number of events that occurred relative to the

size of the population. Many of the complications that occurred

(pneumothorax, atelectasis, subcostal nerve injury, and subcuta-

neous emphysema) have been reported to occur with some fre-

quency after PRA. 
The strengths of this study include the strict inclusion criteria

hich allowed us to obtain a homogeneous cohort of patients with

igh-quality CTs that were individually reviewed and measured.

he 2 diagnostic groups were similar in their basic demographics

nd comorbidities and, as expected, the complications group had

 greater duration of stay than did patients with no complications.

uture studies with a greater number of patients could explore the

ffect of morbid obesity on the rate of complications (we had only

3 patients with morbid obesity in this study). 

This study has several limitations, including its retrospective

ature and its single-institution design. Confirmation of our re-

ults awaits external validation and perhaps is best answered in

 multi-institution collaborative. Also, the measurement of RFA has
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n inherent risk of bias because this measurement is partly opera-

or dependent owing to the lack of known automated software to

erform such measurement. Operator variability was minimized by

eview of the CTs by multiple radiologists. 

onclusion 

Multiple measures of obesity and adiposity (BMI, TFA, SFA, and

FA), along with operative duration and the size of the adrenal

land, were associated with PRA complications in univariate anal-

sis but not in multivariate analysis. Excellent outcomes can be

chieved by a PRA approach even in the obese patient. Operative

uration and the size of the adrenal gland were independently cor-

elated with complications in multivariate analysis. These results

uggest that surgeons performing PRA for benign adrenal tumors

aradoxically should take particular care when operating on pa-

ients with small tumors, especially in obese patients. 
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