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Preoperative Subcutaneous Fat is an Useful Indicator

for Learning Totally Extraperitoneal Repair
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Background: Totally extraperitoneal (TEP) repair is a recommended procedure for inguinal hernia re-

pair in European hernia guidelines. However, technical challenges have limited its uptake in Japan,

where transabdominal preperitoneal (TAPP) repair is more common. We evaluated the association of

preoperative subcutaneous fat area (preSFA) with surgical outcomes and identified factors associated

with the difficulty of TEP repair.

Methods: Clinical data from 62 patients undergoing TEP repair were collected retrospectively. Using the

median for the preoperative subcutaneous fat index (preSFI; 45.9 cm2/m2), we classified patients as hav-

ing a high SFI (HSFI) (n=31) and low SFI (LSFI) (n=31). Surgical outcomes and perioperative complica-

tions were then compared between these groups. Additionally, TEP repair was divided into five phases

(e.g., Phase 1: dissection of the caudal side of the preperitoneal space), and operative time was meas-

ured during each phase. Phase 1 was divided into two sub-phases (1A: insertion of the first port, 1B:

reaching Cooper’s ligament).

Results: Operative time was longer (133 min vs 111 min, P = 0.028) and the peritoneal injury rate was

higher (35.5% vs 9.7%, P = 0.015) for the HSFI patients. Furthermore, operative time for HSFI patients

was significantly longer during Phase 1 (P = 0.014) and Phase 1A (P = 0.022).

Conclusions: preSFA was associated with a higher peritoneal injury rate and longer operative time in

HSFI patients, suggesting that the presence of abundant subcutaneous fat increases the difficulty of TEP

repair. (J Nippon Med Sch 2023; 90: 33―40)
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(TEP) repair

Introduction

European Hernia Society guidelines recommend totally

extraperitoneal (TEP) repair, transabdominal preperito-

neal (TAPP) repair, or Lichtenstein repair for treatment of

adult inguinal hernia1. A questionnaire survey in Japan

for the period from 1990 through 2019 indicated that

436,559 adult inguinal hernia repairs were performed2.

However, TEP repair was performed in only 31,536 cases

(7.2%), while TAPP repair was performed in 96,436 cases

(22.1%), indicating that uptake is lower for TEP repair,

perhaps because of the long, steep learning curve for

TEP repair, mastery of which requires between 50 and

100 or more procedures, according to EHS guidelines1,3,4.

Because laparoscopic surgeries are technically difficult

in obese patients, preoperative subcutaneous fat area

(preSFA), as determined by computed tomography (CT)

scanning and ultrasonography, has been used to evaluate

surgical outcomes. Several studies reported correlations

of preSFA with surgical outcomes (operative time, bleed-

ing, and duration of postoperative hospital stay) in la-

paroscopic gastrectomy and colon surgery5,6. Furthermore,

operative time in TEP repair was positively correlated
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Fig. 1 Cross-sectional computed tomographic images at the third lumbar vertebra level. (A) Subcutaneous fat area and 
(B) visceral fat area were quantified and expressed as −190 to −30 HU. (C) Skeletal muscle area, including the 
psoas, erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques, and rectus 
abdominis, was quantified and expressed as −29 to 150 HU. HU, Hounsfield units. 

with body mass index (BMI)7. However, it is unclear

whether such correlations with preSFA exist for endo-

scopic hernia repair.

This study examined associations of preSFA with surgi-

cal outcome and perioperative complications in TEP re-

pair and identified factors associated with the difficulty

of TEP repair, which can be applied to trainees who

started the TEP repair acquisition.

Materials and Methods

Patients

During the period from June 2017 through December

2019, 214 adult patients underwent inguinal hernia re-

pairs at our institution. After excluding 127 conven-

tional/TAPP repair cases, 19 incarceration cases, 5 bilat-

eral cases, and one case without preoperative CT scans,

clinical data from 62 patients were included in the analy-

sis. Using the median preoperative subcutaneous fat in-

dex (preSFI: 45.9 cm2/m2), we classified patients as hav-

ing a high SFI (HSFI; preSFI >45.9 cm2/m2; n=31) and

low SFI (LSFI; preSFI <45.9 cm2/m2; n=31). The surgical

outcomes for these groups were then analyzed retrospec-

tively.

The study protocol was approved by the institutional

review board of Tokyo Women’s Medical University (Ap-

proval No. 5492). All procedures were conducted in ac-

cordance with guidelines published by the European

Hernia Society and Japan Hernia Society. The require-

ment for informed consent was waived by the Tokyo

Women’s Medical University Ethics Committee. Instead,

opt-out consent was approved by the committee and ob-

tained on our websites, where permission was requested

for use of participants’ personal information in this

study.

Evaluations

Hernia type was classified by using the Nyhus classifi-

cation8. Surgical outcome was evaluated by examining

operative time, blood loss, intraoperative complications,

and postoperative complications of Grade 1 or higher ac-

cording to the Clavien-Dindo classification9. The TEP pro-

cedure was divided into five phases, as described below,

and operative time was measured for each phase.

Measurement of Body Composition

All preoperative CT scans were obtained with a 64-row

or 16-row multidetector CT scanner (GE Healthcare,

Hino, Japan), 1 to 2 months before surgery. Digital Imag-

ing and Communication in Medicine images were im-

ported into a computer, and ImageJ software ver. 1.52i

(National Institutes of Health, Bethesda, MD, USA) was

used to measure SFA and visceral fat area (VFA) on a

cross-sectional plain CT scan at the third lumber vertebra

(L3) level. SFA and VFA were identified and expressed as

−190 to −30 Hounsfield units (HU) (Fig. 1A, 1B)10,11. Simi-

larly, skeletal muscle mass, including the psoas, erector

spinae, quadratus lumborum, transversus abdominis, ex-

ternal and internal obliques, and rectus abdominis, was

identified and expressed as −29 to 150 HU (Fig. 1C)12.

SFA, VFA, and skeletal muscle mass were normalized as

the subcutaneous fat index (SFI, cm2/m2), visceral fat in-

dex (VFI, cm2/m2), and skeletal muscle index (cm2/m2) by

dividing the square of the patient’s height in meters.

Operation

Operations were performed by three surgeons who

had each performed 15 or fewer TEP repairs before the

study. Each surgeon performed 15 to 25 TEP repairs dur-

ing the study period. A 12-mm camera port was inserted

into the preperitoneal space via a longitudinal incision

on the lower aspect of the umbilicus. The TEP procedure

was divided into five phases, as follows.
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Fig. 2 Dissection of the caudal side of the preperitoneal space (Phase 1). (A) Insertion of the first port (Phase 1A). (B) 
Reaching Cooper’s ligament (Phase 1B). (C) Dissection of the lateral side of the preperitoneal space (Phase 2). (D) 
Dissection and transection of the hernia sac (Phase 3). (E) Dissection of the dorsal side of the preperitoneal space 
(Phase 4). (F) Mesh placement and fixation (Phase 5). 

Phase 1: A 5-mm working port was inserted directly be-

low the first trocar (Fig. 2A). The caudal side of the peri-

toneal space was dissected toward Cooper’s ligament. An

additional 5-mm working port was inserted at three fin-

ger widths above the pubic symphysis. The inferior epi-

gastric vessels were confirmed as a landmark (Fig. 2B).

Phase 2: The lateral side of the preperitoneal space was

dissected until the anterior superior iliac spine. The peri-

toneal edge was defined as a landmark (Fig. 2C). The lat-

eral edge of the arcuate line was partially incised to se-

cure space for mesh placement.

Phase 3: The indirect hernia sac was dissected by liga-

tion using 2-0 Silk (Ethicon, NJ, USA) and transection of

the sac (Fig. 2D).

Phase 4: The dorsal side of the preperitoneal space was

dissected, and parietalization of the testicular vessels and

spermatic cord (round ligament for female patients) was

performed (Fig. 2E).

Phase 5: For mesh placement, Parietex Anatomical

Mesh (Medtronic, Dublin, Ireland) was placed on the

myopectineal orifice (Fig. 2F). The mesh was fixed on

Cooper’s ligament and medial/lateral side of the inferior

epigastric vessels with an AbsorbaTack (Medtronic). A

Sonicbeat (Olympus, Tokyo, Japan) device with an ultra-

sonic generator (USG-400; Olympus) was the main ultra-

sonically activated device in this study. In patients with

severe peritoneal injury or adhesions that could not be

treated with TEP repair, the procedure was converted to

TAPP repair.

Statistical Analysis

Pearson’s correlation coefficient (R) was used to ana-

lyze the relationship between operative time/blood loss

and BMI/SFI/VFI. Continuous data are presented as me-

dian or mean ± SD. Continuous variables were nonpara-

metrically analyzed with the Mann-Whitney U test. Cate-

gorical variables were compared with the χ2 test, when

appropriate. Correlations between continuous variables

were assessed by using Pearson correlation coefficients. A

P value less than 0.05 was considered to indicate statisti-

cal significance. All statistical data were generated with

JMP Pro 15 (SAS Institute, Cary, NC, USA).

Results

Correlation Between Obesity Factors and Surgical

Difficulty

To clarify the obesity factors related to surgical diffi-

culty, correlation between BMI/SFI/VFI and operative

time/blood loss was analyzed. Compared to BMI (R =

0.281, P =0.027, Fig. 3A), and the most correlated obesity

factor with operative time was SFI (R =0.459, P <0.001,

Fig. 3B), and VFI (R =0.213, P =0.097, Fig. 3C). There was

no significant correlation between BMI/SFI/VFI and

blood loss (data not shown).

Patient Characteristics

The preoperative characteristics of HSFI and LSFI pa-

tients are shown in Table 1. Body weight (P =0.0003),

BMI (P <0.0001), SFI (P <0.0001), and visceral fat index

(P <0.0001) were significantly higher in the HSFI group

than in the LSFI group. Age, sex, and skeletal muscle
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Fig. 3 Correlation between obesity factors and surgical difficulty. Correlation between operative time and (A) BMI,  (B) sub-
cutaneous fat index, and (C) visceral fat index. 

Table　1　Patient characteristics between the groups

HSFI (n=31) LSFI (n=31) P value

Age, median (range) 70 (27-88) 71 (27-90) 0.778
Sex, n (%) 
Male 27 (87.1) 27 (87.1) 1.000
Female 4 (12.9) 4 (12.9) 

Body weight, kg (±SD) 65.3±7.7 56.4±10.4 0.0003
Body mass index, kg/m2 (±SD) 24.1±2.1 21.3±2.4 <0.0001
Skeletal muscle mass index, cm2/m2 (±SD) 51.1±6.1 49.5±9.0 0.627
Subcutaneous fat area index, cm2/m2 (±SD) 57.8±19.8 29.9±12.0 <0.0001
Visceral fat area index, cm2/m2 (±SD) 56.2±19.3 31.5±15.8 <0.0001
Comorbidity, n (%) 
Contralateral inguinal hernia repair 6 (19.4) 4 (12.9) 0.490
Lower abdominal surgery 5 (16.1) 4 (12.9) 0.719
Cardiovascular 17 (54.8) 8 (25.8) 0.020
Diabetes 5 (16.1) 2 (6.5) 0.229
Respiratory 2 (6.5) 2 (6.5) 1.000
Celebral 2 (6.5) 2 (6.5) 1.000

Location of hernia, n (%) 0.075
Right 11 (35.5) 18 (58.1) 
Left 20 (64.5) 13 (41.9) 

Type of hernia*, n (%) 0.245
I 19 (61.3) 23 (74.2) 
II 5 (16.1) 5 (16.1) 
IIIa 7 (22.6) 2 (6.5) 
IIIc 0 (0.0) 1 (3.2) 

*Nyhus classification

mass index did not significantly differ between groups.

Analysis of comorbidities revealed that prevalence of car-

diovascular disease was significantly higher (P =0.02) in

HSFI patients but that other comorbidities did not sig-

nificantly differ between groups. Additionally, hernia lo-

cation and type did not significantly differ between

groups.

Surgical Outcomes

Operative time was significantly longer (133 min vs

111 min, P = 0.028) and the rate of peritoneal injury was

significantly higher (35.5% vs 9.7%, P = 0.015) in HSFI

patients. Three HSFI cases and no LSFI cases (P = 0.076)

were converted to TAPP repair. There was no significant

difference in blood loss or other perioperative complica-

tions (Table 2). Operative time for HSFI patients was sig-

nificantly longer for Phase 1 (20.5 min vs 16 min, P =

0.014) and Phase 1A (6 min vs 3 min, P = 0.022) but did

not differ significantly for Phase 1B or the other phases

(Table 3). We attempted to identify the common site of

peritoneal injury and conversion to TAPP repair during

each phase, but there was no significant difference in re-

lation to phase (Table 4).
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Table　2　Surgical outcomes between the groups

HSFI (n=31) LSFI (n=31) P value

Operative time, median (range) 133 (73-255) 111 (63-167) 0.028
Blood loss, mL (±SD) 2.4±1.5 2.2±1.4 0.605
Intraoperative complications, n (%) 
Peritoneal injury 11 (35.5) 3 (9.7) 0.015
Conversion to TAPP 3 (7.5) 0 (0.0) 0.076
Bleeding 0 (0.0) 0 (0.0) 1.000

Postoperative complications, n (%) 
Seroma* 3 (9.7) 4 (12.9) 0.688
Surgical site infection* 3 (9.7) 0 (0.0) 0.076
Chronic pain 0 (0.0) 0 (0.0) 1.000
Postoperative recurrence 0 (0.0) 0 (0.0) 1.000

*Clavien-Dindo Classification Grade I

Table　3　Operative time during the surgical proccess

HSFI (n=31) LSFI (n=31) P value

Operative time, median (range) 
Phase 1 20.5 (6-45) 16 (9-24) 0.014
1A 6 (1-22) 3 (1-11) 0.022
1B 13.5 (5-31) 12 (0-17) 0.217

Phase 2 15.5 (6-43) 13 (3-44) 0.525
Phase 3 34 (9-93) 31 (7-81) 0.727
Phase 4 13.5 (5-47) 13 (4-28) 0.604
Phase 5 12.5 (7-24) 10 (7-20) 0.221
Total 133 (73-255) 111 (63-167) 0.028

Table　4　Intraoperative complications during the surgical phase

Peritoneal injury Conversion

HSFI LSFI P value HSFI LSFI P value

Phase 1 2 (18.2) 2 (66.7)  2 (66.7) 0 (0.0) 
Phase 2 3 (27.3) 0 (0.0) 1 (33.3) 0 (0.0) 
Phase 3 4 (36.4) 1 (33.3) 0 (0.0) 0 (0.0) 
Phase 4 2 (18.2) 0 (0.0) 0 (0.0) 0 (0.0) 
Phase 5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Total 11 3 0.346 3 0 NA

Values in parentheses are percentages

Discussion

In this study, patients with more subcutaneous fat preop-

eratively had a higher peritoneal injury rate and longer

operative time, especially during dissection of the caudal

side of the preperitoneal space.

Compared with open inguinal hernia repair, TEP repair

is associated with less pain, better aesthetic outcomes,

and shorter recovery13―15. However, uptake of TEP repair

is low because of the long, steep learning curve-a result

of the limited working space and unusual landmarks1,4.

Compared to TEP repair, TAPP repair affords a clearer

clear field of view inside the pelvic cavity, similar to

other laparoscopic surgeries. However, TAPP repair is as-

sociated with higher rates of port-site hernia and visceral

injury, while TEP repair is more likely to require conver-

sion16. Additionally, TAPP repair is more likely to result

in adhesions, leading to intestinal obstruction17.

To identify factors responsible for the difficulty of TEP

repair, we focused on the relationship between obesity

factors including BMI/subcutaneous fat/visceral fat and

TEP repair. As shown in Figure 3, preoperative subcuta-

neous fat mostly correlated with operative time com-
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Fig.　4　Insertion of the first port using S-shaped retractors. (A) The camera port was tem-
porarily removed and S-shaped retractors were inserted from the camera port 
wound. We retracted the subcutaneous fat, anterior rectus sheath, and rectus ab-
dominis to secure space in the preperitoneal space. (a: subcutaneous fat, b: anteri-
or rectus sheath, c: rectus abdominis, d: posterior rectus sheath, e: peritoneum, f: 
preperitoneal space, g: S-shaped retractors). (B) After securing space inside the 
preperitoneal space, the first port (yellow striped arrow) was inserted into the 
preperitoneal space.

pared to BMI and visceral fat. Based on this fact, we fo-

cused on preoperative subcutaneous fat as an indicator

of the difficulty of TEP repair instead of BMI or visceral

fat. Several studies have reported a correlation between

operative time and BMI in TEP repair and robotic ingui-

nal hernia repair7,18. However, no study examined the cor-

relation of subcutaneous fat with endoscopic hernia re-

pair. The present study showed that HSFI was associated

with significant higher values for operative time and

peritoneal injury rate. The higher peritoneal injury rate

for HSFI patients was likely due to difficulty in recogniz-

ing preperitoneal anatomy because of the presence of

abundant fat tissue and poor visibility. This suggests that

the preperitoneal space is an unfamiliar anatomical per-

spective and that the risk of peritoneal injury is thus

high. Because TEP repair involves forming a space be-

tween the fusion membrane, like searching inside dark-

ness, an anatomical landmark is important for dissection

oriented to the preperitoneal space.

To further identify factors responsible for the difficulty

of TEP repair, we divided the TEP procedure into five

phases and two sub-phases. Operative time was signifi-

cantly longer during dissection of the caudal side of the

preperitoneal space, particularly during insertion of the

first port. Nishimura et al. reported that the time re-

quired for insertion of the first port in laparoscopic gyne-

cologic surgeries was significantly longer in patients with

high subcutaneous/preperitoneal fat, as measured by

preoperative ultrasonography19. We believe that operative

time, particularly during insertion of the first port, was

significantly longer for HSFI patients because of the thick

abdominal wall, as the unclear views increase insertion

time. In patients abundant in preoperative subcutaneous

fat, the camera port was temporarily removed and the

subcutaneous fat, anterior rectus sheath, and rectus ab-

dominis was retracted from the camera port wound

using S-shaped retractors (Takasagoika, Tokyo, Japan;

Fig. 4A). Then, the first port was inserted certainly under

direct vision to prevent peritoneal injury (Fig. 4B).

Our results suggest that preSFA is a factor in the diffi-
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culty of TEP repair-a finding that has considerable poten-

tial for helping trainees to learn surgical skills and opti-

mize surgical procedures. Selecting patients with low

subcutaneous fat may help shorten the learning period

for trainees. TEP repair requires highly specialized skills

and a complete understanding of preperitoneal anatomy,

and further analyses of the procedure will help clarify

the training necessary.

The limitations of this study include its retrospective

design, the small number of cases, and lack of long-term

follow-up, which was limited to patients who developed

complications within 30 days of the procedure.

In conclusion, preSFA measurement was an effective

method for identifying factors responsible for the diffi-

culty of TEP repair. Restriction of TEP repair to patients

with low subcutaneous fat may be helpful for trainees

hoping to overcome the long, steep learning curve.
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