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BACKGROUND: Visceral obesity appears to be an 
emerging parameter affecting postoperative outcome 
after abdominal surgery. however, total visceral fat 
remains time consuming to calculate, and there is still a 
lack of data about its value as an independent risk factor 
in colorectal surgery.

OBJECTIVES: the aim of this study was to validate 
the simple measurement of perirenal fat surface as a 
surrogate of visceral obesity, and to test the value of 
perirenal fat surface as a risk factor for morbidity in 
colorectal surgery and to compare it with the predictive 
value of other obesity parameters such as Bmi and waist-
hip ratio.

DESIGN: this is a prospective observational cohort study.

SETTING: the study was conducted at a tertiary 
university hospital.

PATIENTS: two hundred twenty-four consecutive 
patients (130 male) undergoing elective colorectal 
surgery with a mean age of 65.2 years (sD, ±12.9) were 
identified.

INTERVENTION: elective colorectal resections were 
performed.

MAIN OUTCOME MEASURES: We assessed complications 
as the primary outcome measure. secondary outcome 
measures were the conversion rates, duration of 
operation, and length of hospital stay.

RESULTS: Perirenal fat surface was validated as a surrogate 
of visceral fat and a strong correlation between the 2 was 
confirmed (spearman correlation coefficient ρ = 0.96). 
the overall postoperative complication rate was 22.8% 
(51/224) with 14.7% moderate complications (grade i 
and ii) and 7.6% severe complications (grade iii–iV), 
with a mortality rate of 0.5%. multivariate analysis 
confirmed perirenal fat surface as an independent risk 
factor for postoperative complications (oR, 3.87; 95% 
Ci, 1.73–8.64; p = 0.001), whereas Bmi and waist-hip 
ratio were not statistically associated with postoperative 
complications (oR, 1.16; 95% Ci, 0.51–2.66; p = 0.72).

LIMITATIONS: this study was limited by its sample size.

CONCLUSION: Perirenal fat surface is an excellent and 
easy-to-reproduce indicator of visceral fat volume. 
furthermore, perirenal fat surface is an independent risk 
factor for postoperative outcome in colorectal surgery 
that appears to be of higher predictive value than Bmi 
and waist-hip ratio.

KEY WORDS: Risk factors; morbidity; Colorectal surgery; 
Visceral obesity; Perirenal fat.

although patients who are obese are believed to be 
at a higher risk for surgery, studies have mostly 
shown an absence of a significant correlation be-

tween obesity, defined as a Bmi of 30 kg/m2 or greater, and 
adverse abdominal surgery outcomes.1–4

further attempts to find other parameters of obe-
sity for abdominal surgery risk stratification led to the 
waist-hip ratio (WhR), which has been found to be re-
lated to metabolic disorders and cardiovascular disease.5–8 
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 nevertheless, a correlation between a higher WhR and an 
adverse effect on postoperative outcome has not yet been 
confirmed.

Visceral obesity might be of greater importance than 
Bmi and WhR and affect the technical difficulty and 
postoperative complications encountered while perform-
ing surgery.9–11 several techniques have been developed 
to assess the quantity of visceral fat by measuring total 
volume on Ct.12,13 studies have revealed a significant cor-
relation between visceral fat and longer operation times 
for sigmoidectomy and a significantly higher blood loss 
in laparoscopic total mesorectal excision.10,14 however, 
most of these studies were retrospective and concerned 
Japanese populations in which Bmi and visceral obesi-
ty rates are considered to be comparatively much lower 
(prevalence of obesity 2%–3%) than in Western countries 
(30%–35%).15,16 in addition, the calculation of visceral fat 
volume is technically demanding and time consuming.15,17

the aims of our study were to evaluate a simple mea-
surement of perirenal fat surface area as an indicator of 
the total volume of visceral fat, to test its extrapolative 
power in predicting complications in colorectal surgery, 
and to compare its significance with Bmi and WhR.

MATERIALS AND METHODS

Study Design and Setting
a prospective cohort of 224 consecutive patients was 
identified, all of whom underwent elective colorectal sur-
gery between november 2008 and December 2011 at the 
Department of Visceral surgery, university hospital of 
Geneva, switzerland. approval of the ethics Committee 
was obtained, and each patient signed a written informed 
consent form. the study was recorded at Clinicaltrials.gov 
(ntC 01620697).

Participants
elective colorectal resections for benign, malignant, and 
inflammatory diseases were included. Patients who were 
operated under emergency conditions, patients younger 
than 18 years of age, and patients receiving immunosup-
pressive medication were excluded.

Variables
During a preoperative visit, the following obesity pa-
rameters were measured: Bmi in kilograms per meter 
squared, WhR, and perirenal fat surface area in centime-
ters squared (using preoperative Ct scan). Blood pres-
sure, the asa score, comorbidities, and drug treatments 
were recorded on the day of admission. Comorbidities 
were defined as follows: hypertension as an elevated blood 
pressure (>140/90 mmhg) or a condition requiring the 
need for antihypertensive treatment. Respiratory diseases 
included chronic obstructive pulmonary disease, asthma, 

and respiratory insufficiency. Diabetes mellitus was de-
fined as elevated glycemia or the need for antidiabetic 
medication. Cardiovascular ischemic disease was defined 
as coronary heart disease, previous coronary revascular-
ization, or a history of myocardial infarction. neurologi-
cal disease included cerebral arterial occlusive disease and 
brain tumors.

Obesity Parameters
BMI 
General obesity was defined as a Bmi of 30 kg/m2 or 
greater according to the World health organization 
classification.18

Waist-Hip Ratio 
the circumference of the waist at the level midway be-
tween the lowest rib and iliac crest was measured in centi-
meters and divided by the circumference of the hip at the 
level of the greater trochanters.13 the WhR was used to 
define central obesity.12 Values of >0.9 for men and >0.85 
for women were deemed to be high.19

Perirenal Fat Surface Area
measurement of the surface area of perirenal fat was con-
ducted in a standardized manner on preoperative axial Ct 
scan by using osiriX. osiriX is a open-source image-pro-
cessing software dedicated to DiCom images.20

the investigator who performed measurement of 
perirenal fat surface was blinded to Bmi and outcome. 
measurement was performed by the use of an axial Ct 
slice at the level of the left renal vein following the anterior 
renal fascia to the lateroconal ligament and encompassing 
the posterior perirenal fat and retroperitoneal fat below 
the Zuckerkandl fascia (fig. 1).21

Outcome Measures
as primary outcome measures, perioperative complica-
tions were reported according to the Clavien-Dindo classi-
fication system.22 any deviation of the ideal postoperative 
course was interpreted as a complication.23 morbidity and 
mortality were defined as in-hospital morbidity and mor-
tality or morbidity and mortality occurring within 30 days 
of surgery.

the secondary outcome measures were the conver-
sion rate, duration of operation, and length of hospital 
stay from the day of operation to discharge.

Statistical Analysis
Continuous data are presented as mean values with sD. 
Categorical variables are presented as the number per 
category and their proportion. Comparisons of categori-
cal variables by the presence or absence of postoperative 
complications or conversion or nonconversion of the 
procedure were performed by using a χ2 or fisher exact 
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test, depending on the application criteria. Comparisons 
of continuous variables were performed with the use of a 
student t test or the mann-Whitney nonparametric test, 
depending on the application criteria.

Pearson coefficient (r) was used to quantify the cor-
relation between Bmi and perirenal fat, between Bmi and 
WhR, and between operation duration and perirenal fat. 
We furthermore estimated a nonparametric spearman 
correlation coefficient (ρ) between perirenal fat surface 
area and total visceral fat volume in a subsample of 20 pa-
tients. a correlation coefficient above 0.80 allows the ap-
plication of perirenal fat surface area as a surrogate of total 
visceral fat volume.

a logistic regression model was used to assess the in-
dependent predictors of postoperative complications. We 
assessed if perirenal fat surface area as a main predictor 
respected the condition of log linearity and used it first as 
a continuous variable and then as a dichotomous variable 
with a cutoff at 40 cm2, which corresponds with the mean 
value in the group of patients with postoperative compli-
cations. the choice for a cutoff at 40 cm2 was driven by 
its diagnostic performance on the receiver operating char-
acteristic curve in comparison with the outcome, notably 
postoperative complications. this cutoff minimized the 
errors when patients were classified in 2 groups with and 
without postoperative complication. asa score and age 
were included in the model, and the model was adjusted 
for all other univariate variables that were significantly as-
sociated with the outcome. a backward stepwise method 
was used to retain all of the variables with p < 0.05 in the 
final multivariate model. logistic regression provided the 
maximum likelihood estimates of the oR and their con-
fidence intervals (95% Ci). Goodness-of-fit was verified 
by using the hosmer-lemeshow test. the discriminant 
capacity of the model was evaluated by the area under the 
curve (auC) associated with its 95% Ci.

for secondary outcomes, we assessed the linear asso-
ciation between operation duration and perirenal fat and 
between length of hospital stay and perirenal surface fat 

area by using linear regression models, and we adjusted 
for the same covariates as in the logistic regression model. 
finally, we used logistic regression to address the likeli-
hood of conversion by perirenal fat measurement. p  values 
< 0.05 (2-sided) were considered to be significant. all 
analyses were performed using the stata statistical pack-
age, version iC 12 (stata Corp, College station, tX).

RESULTS

the calculation of both perirenal fat surface area and total 
visceral fat volume in 20 randomly selected Ct scans from 
our sample revealed a very strong correlation between 
perirenal fat surface area and visceral fat volume, with a 
high spearman correlation coefficient (ρ = 0.96). this ap-
proach allowed us to use perirenal fat surface area as a sur-
rogate of visceral fat volume.

a description of the 224 preoperative patients is given 
in table 1. the mean Bmi was 26.4 kg/m2 (sD, ±5.4). the 
mean WhR was 0.99 (sD, ±0.2), and the mean perirenal fat 
surface area was 27.1 cm2 (sD, ±20). the most frequent co-
morbidities were hypertension (49.6%), tobacco use (38%), 
pulmonary disease (14.3%), and diabetes mellitus (13.8%). 
in total, 138 (61.6%) of all patients underwent colorectal 
resection for cancer diagnosis, 63 (28.1%) patients for di-
verticular disease, 2 (0.9%) patients for volvulus, 12 (5.4%) 
patients for benign polyps, and 9 (4%) patients for iBD; all 
of them had an ulcerative colitis. the perioperative param-
eters are shown in table 2. seventy-five colorectal resections 
were performed laparoscopically (33.5%), 124 were per-
formed as open procedures (55.4%), and 25 interventions 
were converted from laparoscopic to open surgical proce-
dures (11.1%). the overall postoperative complication rate 
was 22.8% (51/224), with 14.7% moderate complications 
(grade i and ii), 7.6% severe complications (grade iii and 
iV), and a mortality rate of 0.5% (grade V). We noted 5.8% 
minor complications: 10 patients with postoperative ileus 
for more than 3 days managed by nasogastric depression 
(grade i) and 3 surgical site infections and bedside open-

FIGURE 1. Technique used for the measurement of perirenal fat surface area. A, Perirenal fat at the level of the left renal vein. B, Lateroconal 
ligament (red) and perirenal fascia (yellow). C, Measured perirenal fat surface area (orange).
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ing of the wound (grade i). there were 8.9% moderate 
complications (grade ii): 2 surgical site infections treated 
by antibiotics (grade ii), 2 patients with pulmonary embo-
lism (grade ii), 5 cases of pneumonia treated by antibiotics 
(grade ii), 8 patients needing transfusion (grade ii), and 
3 urinary tract infections treated by antibiotics (grade ii). 
severe complications were as follows: 2 anastomotic dehis-
cences diagnosed by Ct scan and treated by radiological 
drain (grade iiia), 6 clinical anastomotic dehiscences that 
underwent reoperation (grade iiib), 1 iatrogenic small-
bowel lesion with reoperation (iiib), 1 evisceration with 
reoperation (iiib), 1 ileus with reoperation, 2 anastomotic 
leakages with reoperation and intensive care unit (iCu) 
stay (iVa), 3 respiratory complications with iCu stay (iVa), 
and 1 myocardial infarction with iCu stay (iVa). in terms 
of mortality, 1 patient died during the study period (V). 
this case was a 77-year-old patient with an asa score of 4 
who underwent a high anterior resection for a t3 tumor, 
and who died postoperatively on day 4 as a result of respi-
ratory distress.

Patients were divided in 2 groups according to the 
development of postoperative complications: 173 pa-

tients with no complications and 51 patients with post-
operative complications grades i to V. univariate analysis 
of morbidity (table 1) revealed the following preoperative 
risk factors: asa score, age, Bmi >30, perirenal fat sur-
face area, hypertension, ischemic cardiovascular disease, 
diabetes mellitus, and open surgery. under multivariate 
analysis, the likelihood of postoperative complications was 
significantly increased by 1.04-fold (95% Ci, 1.02–1.05; 
p < 0.001) for each supplemental square centimeter of 
perirenal fat as a continuous variable after adjustment for 
age, surgical approach, and asa score (table 3). the mul-
tivariate logistic regression model had a good discriminant 
capacity, with an auC at 0.78 (95% Ci, 0.71–0.86). When 
perirenal fat surface area exceeded 40 cm2 in the multivari-
ate analysis, the likelihood of postoperative complications 
increased by 3.87-fold (95% Ci, 1.73–8.64; p = 0.001) af-
ter adjustment for age, surgical approach, asa score, and 
Bmi (table 4). the multivariate logistic regression model 
had a good discriminant capacity, with an auC at 0.76 
(95% Ci, 0.56–0.70).

When Bmi was introduced into the previous 
model, perirenal fat remained significantly associated 

TABLE 1.   Sociodemographic and clinical data

Variables
All patients
(n = 224)

No complications
(n = 173)

Grades I–V
(n = 51) p

Sex, n (%)
  Male 130(58.0) 98 (56.7) 32 (62.8) 0.44
  Female 94 (42.0) 75 (43.4) 19 (37.3)
Mean age at surgery (±SD) 65.2(±12.9) 63.7 (±12.9) 70.6 (±11.8) <0.001
Mean BMI (±SD) 26.4 (±5.4) 25.6 (±4.6) 29.4 (±6.6) <0.001
BMI, n (%)

0.02  <30 178 (79.8) 143 (83.1) 35 (68.6)
  ≥30 45 (20.2) 29 (16.9) 16 (31.4)
Mean WHR (±SD) 0.99 (±0.16) 0.99 (±0.17) 0.99 (±0.09) 0.15a

WHR, n (%)
0.90  <0.9 54 (24.2) 42 (24.4) 12 (23.5)

  ≥0.9 169 (75.8) 130 (75.6) 39 (76.5)
Mean perirenal fat surface area, cm2 (±SD) 27.1 (±20.0) 23.1 (±16.0) 40.7 (±25.9) <0.001a

Weight loss >10%, n (%) 25 (11.2) 20 (11.6) 5 (9.8) 0.73
ASA score, n (%)
  I 18 (8.0) 16 (9.3) 2 (3.9)

0.001b  II 146 (65.2) 122 (70.5) 24 (47.1)
  III 55 (24.6) 33 (19.1) 22 (43.1)
  IV 5 (2.2) 2 (1.2) 3 (5.9)
Hypertension, n (%) 111 (49.6) 79 (45.7) 32 (62.8) 0.03
Ischemic cardiovascular disease, n (%) 41 (18.3) 25 (14.5) 16 (31.4) 0.006
Chronic or ex-smoker, n (%) 85 (38.0) 63 (36.4) 22 (43.1) 0.39
Diabetes mellitus, n (%) 31 (13.9) 19 (11.0) 12 (23.5) 0.02
COPD, n (%) 32 (14.3) 21 (12.4) 11 (21.6) 0.09
Cirrhosis, n (%) 1 (0.5) 1 (0.6) 0 (0) 0.59
Neurological disease, n (%) 14 (6.3) 8 (4.6) 6 (11.8) 0.06
Radiotherapy before surgery, n (%) 34 (15.2) 29 (16.8) 5 (9.8) 0.22
Chemotherapy before surgery, n (%) 36 (16.1) 31 (17.9) 5 (9.8) 0.17
Surgery for a cancer diagnosis, n (%) 138 (61.6) 101 (58.4) 37 (72.6) 0.07
Previous operation, n (%) 119 (53.1) 91 (52.6) 28 (54.9) 0.77

WHR = waist-hip ratio; COPD = chronic obstructive pulmonary disease.
aMann-Whitney test.
bFisher exact test. 
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with postoperative complications, but Bmi was not 
(oR, 1.16; 95% Ci, 0.51–2.66; p = 0.72). a multivari-
ate analysis of WhR was not performed because it was 
not significantly associated with postoperative compli-
cations in the univariate analysis. Waist circumference 
alone was associated with postoperative complications 
in multivariate analysis (oR, 1.06; 95% Ci, 1.02–1.1;  
p = 0.001).

operation duration was significantly increased when 
the perirenal fat surface area exceeded 40 cm2 by a mean of 
+29.4 minutes (95% Ci, 5.9–52.8; p = 0.01) after adjust-
ment for age, asa score, surgical approach, and Bmi. Bmi 
was not significantly associated with operation duration 
(β-coefficient = −11.1; p = 0.32).

hospital stay was also significantly increased by a 
mean of +3.2 days (95% Ci, 0.6–5.8; p = 0.02) when peri-
renal fat surface area was above 40 cm2 after adjustment 
for the same variables. Bmi was not significantly associ-
ated with hospital stay (β-coefficient = −2.2; p = 0.08). 

Waist-hip ratio was not significantly associated with con-
version rate, operation duration, or hospital stay in the 
multivariate analysis.

Conversion rate was not significantly associated with 
perirenal fat surface area above 40cm2 (oR, 2.26; p = 0.20) 
after adjustment for age, asa score, and Bmi. for this sec-
ondary outcome, Bmi was significantly associated with a 
higher likelihood of conversion for patients with a Bmi 
above 30 (oR, 5.17; 95% Ci, 1.43–18.67; p = 0.01).

in addition, Bmi, WhR, and perirenal fat surface area 
were examined for correlations with each other. there was 
a weak correlation between Bmi and perirenal fat surface 
area, with a Pearson correlation coefficient of 0.51 (fig. 2). 
there was a low correlation coefficient of 0.15 between 

TABLE 2.   Perioperative parameters

Variables
All Patients

(n = 224)
No complications

(n = 173)
Grades I–V

(n = 51) p

Surgical approach, n (%)
  Laparoscopic
  Laparotomy
  Conversion

75 (33.5)
124(55.4)
25 (11.1)

67 (38.7)
91 (52.6)
15 (8.7)

8 (15.7)
33 (64.7)
10 (19.6)

0.003a

Operations performed, n (%)
  Right colectomy
  Left colectomy
  Anterior resection with PME
  Low anterior resection with TME
  Total colectomy
  Hartmann
  APER
  Proctocolectomy

54 (24.1)
104 (46.4)

11 (4.9)
34 (15.2)

8 (3.6)
2 (0.9)
8 (3.6)
3 (1.3)

39 (72.2)
84 (80.8)

6 (54.6)
26 (76.5)

7 (87.5)
1 (50.0)
8 (100.0)
2 (66.7)

15 (27.8)
20 (19.2)

5 (45.4)
8 (23.5)
1 (12.5)
1 (50.0)
0 (0)
1 (33.3)

0.28a

0.31
0.24
0.13a

0.91
0.69a

0.40a

0.20a

0.54a

Mean operation duration, min (±SD) 204.9(±61.0) 201.2 (±60.7) 218.2 (±61.0) 0.10
Mean hospital stay, days (±SD) 11.2 (±7.4) 9.13 (±4.05) 18.24 (±11.2) <0.001b

PME = partial mesorectal excision; TME = total mesorectal excision; APER = abdominoperineal excision.
aFisher exact test. 
bMann-Whitney test.

TABLE 3.   Multivariate analysis: predictors of postoperative 
complications

Variables OR 95% CI p

Age at surgery, y
  <70 
  ≥70

1.00
1.68

–
0.82–3.43

0.16

Perirenal fat surface area, cm2 1.04 1.02–1.05 <0.001
Surgical approach, n (%)
  Laparoscopic
  Laparotomy
  Conversion

1.00
2.10
4.42

–
0.85–5.21
1.38–14.10

0.04
–

0.11
0.01

ASA score
  I–II
  III–IV

1.00
1.94

–
0.89–4.25

0.10

TABLE 4.   Multivariate analysis: variables associated with 
postoperative complications (including perirenal fat exceeding 
40 cm2 and BMI)

Variables OR 95% CI p

Age at surgery, y
  <70 
  ≥70

1.00
1.78

–
0.88–3.63

0.11

Perirenal fat surface area, cm2

  <40 
  ≥40 

1.00
3.87

–
1.73–8.64

0.001

BMI, kg/m2 
  <30
  ≥30

1.00
1.16

–
0.51–2.66

0.724

Surgical approach, n (%)
  Laparoscopic
  Laparotomy
  Conversion

1.00
2.20
4.10

–
0.90–5.39
1.28–13.13

0.05
–

0.08
0.02

ASA score
  I–II
  III-IV

1.00
2.17

–
1.00–4.68

0.05
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Bmi and WhR (fig. 3). figure 4 illustrates the weak cor-
relation between Bmi and perirenal fat surface.

DISCUSSION

to our knowledge, this is the first study to evaluate perire-
nal fat surface area as an indicator of visceral obesity and 
to test its value as a risk factor for morbidity in elective 
colorectal surgery. in the present study, perirenal fat sur-
face area presented a significant association with the risk 
of postoperative complication after adjustment for age, 
asa score, and surgical approach, and the proposed mod-
el had a good predictive capacity, with an auC of 0.76. 
thus, if a patient who developed a postoperative compli-
cation and a patient with no complications were drawn at 
random, there was a 76% probability that the patient with 

a complication would have a higher perirenal fat surface 
area value. the reported complication rate of 22.8% and 
mortality rate of 0.5% in this study were in accordance 
with previous reports.24,25 this study included a relatively 
high number of moderate complications (14.7% of grades 
i and ii), which was attributed to the fact that every devia-
tion from the ideal postoperative course was classified as 
a complication.

several risk factors have been tested for their value in 
predicting morbidity and mortality in colorectal surgery. 
When examining the predictors of surgical infection, Ger-
vaz et al4 demonstrated that obesity, contamination class 
3 to 4, asa grade iii to iV, and open surgery were sig-
nificantly associated with an increased risk of infection at 
our institution. testing the french association for surgery 
score, alves and colleagues24 found that emergency sur-
gery, body weight loss of >10%, neurological comorbid-
ity, and age >70 years were morbidity risk factors, whereas 
Bmi was invalidated in multivariate analysis. apart from 
perirenal fat surface area as a newly introduced parameter 
of visceral obesity, our study confirmed open surgery as an 
independent risk factor in multivariate analysis, whereas 
asa grade iii to iV and an age older than 70 years were 
not significant in this series, possibly because of the lim-
ited number of patients.

the influence of obesity, as measured by Bmi, on 
morbidity and mortality in colorectal and general sur-
gery has been discussed in several studies, and mixed 
findings have been reported. Benoist et al26 found a simi-
lar rate of perioperative complications after right colonic 
resections in obese and nonobese patients. Ballian et al1 
found that Bmi did not affect postoperative morbidity 
and oncological outcomes of total mesorectal excision. 
moreover, leroy et al3 found no significant differences 
between obese and nonobese patients in terms of the du-
ration of operation, resection margin, and postoperative 
complication rate for laparoscopic left colectomy. Buchs 
et al,27 who assessed risk factors in robotic general sur-
gery, reported an even higher morbidity for a Bmi of less 
than 30. Dindo et al2 invalidated the current hypothesis 
of higher morbidity in patients who are obese in general 
surgery but confirmed a higher rate of surgical site infec-
tions for patients who are obese. although Bmi remains 
a risk factor reported in the literature,2,4,28 its clinical use 
remains debatable when all of the complications are tak-
en into consideration.

Waist-hip ratio is regarded as an index of body fat dis-
tribution and predictor of obesity-related complications.29 
in general, in the literature, a WhR >1 in men and >0.85 
in women has been associated with higher cardiovascular 
risk (the national, heart, lung and Blood institute). in the 
interheart study,5 Bmi and WhR were highly significantly 
associated with a risk of myocardial infarction. an adverse 
effect of a higher WhR on postoperative outcome could not 
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FIGURE 2. Correlation between BMI (kg/m2) and perirenal fat 
surface area (cm2). Pearson correlation coefficient: r = 0.51.
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FIGURE 3. Correlation between BMI (kg/m2) and WHR. Pearson 
correlation coefficient: r = 0.15. WHR = waist-hip ratio.
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be confirmed in our series. it is assumed that the failure of 
WhR as a useful obesity measurement parameter is due to 
the fact that it takes into account not only visceral fat, but 
also the subcutaneous fat, and it is impossible to discern be-
tween the two.

owing to interesting data introducing visceral obe-
sity as a risk factor for metabolic disorders and postop-
erative complications, we established the hypothesis that 
perirenal fat surface area, as a surrogate of visceral fat, 
might be an interesting factor to study and to be asso-
ciated with additional risk of postoperative complica-
tions.9–11 Previous studies have reported that higher 
amounts of visceral fat are correlated with insulin re-
sistance, dyslipidemia, hypertension, and diabetes mel-
litus.30,31 from a surgical standpoint, Kang et al14 found 
a higher conversion rate to open surgery and longer op-
erative time in laparoscopic total mesorectal excision for 
viscerally obese patients. seki et al10 confirmed a longer 
operation time when performing laparoscopic sigmoid-
ectomy for viscerally obese patients,32 but they did not 
find a difference in the incidence of postoperative ma-
jor complications in their retrospective study. Visceral 
obesity appears to be an interesting parameter affecting 
perioperative morbidity. however, most of these studies 
concerned Japanese populations with apparently lower 
visceral obesity rates.15 in addition, the measurement of 
complete visceral fat volume requires specialized soft-
ware and equipment and appears to lack clinical useful-
ness outside these studies.

therefore, perirenal fat surface area was introduced 
as a simple tool to assess visceral obesity. the measure-
ment of the perirenal fat surface area was performed by 
using an axial Ct slice at the level of the left renal vein 
with the use of osiriX. to our knowledge, only 1 study 
has been published that assesses the relationship between 
perirenal fat and operative time in laparoscopic donor ne-
phrectomy.33 however, their technique of measurement 
was limited to anterior, posterior, and lateral measure-
ments, whereas, in our study, the complete axial surface 
of perirenal fat was calculated, and the correlation with 

total visceral volume was validated. another interesting 
study that analyzed perirenal fat for risk assessment in 
hepatic resection measured the greatest distance between 
the kidney and abdominal wall and confirmed an adverse 
effect on overall complications rates and length of hos-
pital stay.34

for colorectal surgery, our study data indicate that a 
Ct scan-based assessment of perirenal fat surface area, 
which was validated as surrogate of visceral fat, is superior 
to both Bmi and WhR for predicting postoperative com-
plications, duration of operation, and length of hospital 
stay. simple measurement of perirenal fat surface seems 
to be a clinically valuable tool, not only to assess visceral 
obesity, but also to predict the risk of postoperative com-
plications in colorectal surgery.

however, some limitations of the present study must 
be acknowledged. the outcome “postoperative compli-
cation” was assessed as in-hospital morbidity and mor-
tality or morbidity or mortality occurring during the 
30-day follow-up period, with a median hospital stay of 
9 days. it can be assumed that most of the complications 
developed during the hospital stay and readmissions af-
ter hospital stay were primarily addressed to our own 
institution, because it is the only public hospital in the 
area. however, the long-term complications could have 
been underestimated. Because the mortality rate was 
very low, multivariate analysis could not be performed 
on this outcome.

furthermore, a series of colorectal operations per-
formed by various experienced surgeons at a single in-
stitution was presented, which might have produced an 
underestimated impact on postoperative outcome. mea-
surement of perirenal fat area as the main variable of 
interest is clearly software dependent, and interrater reli-
ability for such measurements has to be proved in further 
multicenter studies.

When considering the implication of our results for 
future reductions in preoperative risk factors, it should 
be mentioned that the perirenal fat surface area remains a 
limited modifiable factor before surgery.

FIGURE 4. Two patients with comparable BMI and opposite perirenal fat surface values. A, BMI 28 (kg/m2), perirenal fat surface 76.598 (cm2). B, 
BMI 29 (kg/m2), perirenal fat surface 7.855 (cm2).
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Because we validated open surgery as a secondary risk 
factor apart from perirenal fat surface area, we might con-
sider minimally invasive surgery for viscerally obese patients 
with a perirenal fat surface area above 40 cm2 as superior to 
open surgery. We do strongly believe that patients with high 
perirenal fat surface should benefit from special attention 
to limit any additional potential risk. We consider, however, 
that patients with high values of perirenal fat surface should 
benefit from adjusted surgical planning, a reasonable pre-
calculation of operation time, probably a laparoscopic ap-
proach, an enhanced recovery program, and maybe a more 
liberal use of stoma. on the other hand, at least in switzer-
land, it is difficult to use this parameter to adjust reimburse-
ment. Yet, it could be an option for other countries.
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