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a b s t r a c t 

Background: Enhanced recovery after surgery has been shown to lead to improved postoperative out- 

comes after several surgical procedures. However, only a few studies have examined the application of 

enhanced recovery after surgery after abdominal wall reconstruction. The aim of the current observa- 

tional cohort study was to evaluate the outcomes of enhanced recovery after surgery after abdominal 

wall reconstruction in a large cohort. 

Method: This was a retrospective cohort study comparing patients undergoing abdominal wall recon- 

struction in a standard care pathway (control group) with patients undergoing abdominal wall recon- 

struction in an enhanced recovery after surgery pathway. Registered outcomes included 30-day postop- 

erative complications, length of stay, and readmission rate. 

Results: A total of 190 patients undergoing abdominal wall reconstruction for large incisional hernias 

were included in the study, of which 96 were treated according to standard protocol, and 94 underwent 

enhanced recovery after surgery pathway. Length of stay was significantly reduced after the introduction 

of enhanced recovery after surgery (median 4, interquartile range 3–6 days vs. control 5, 4–7 days, P 

< .001). There was no difference between the cohorts in the incidence of postoperative complications 

requiring operative intervention (enhanced recovery after surgery 10.6% vs control 10.4%, P = 1.0) or the 

rate of readmissions (enhanced recovery after surgery 16.0% vs control 12.5%, P = .635). 

Conclusion: Enhanced recovery after surgery is feasible after abdominal wall reconstruction, leading to 

reduced length of stay without increasing the rate of complications or readmissions. Enhanced recovery 

should be implemented as standard in centers performing abdominal wall reconstruction. 

© 2018 Elsevier Inc. All rights reserved. 
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ntroduction 

Enhanced recovery after surgery (ERAS) is a multimodal

vidence-based approach to improve the postoperative outcome af-

er surgical procedures. 1 Using this approach, the rate of postop-

rative complications and length of postoperative stay has been

educed in almost every surgical specialty during the last 2

ecades. 2,3 However, data from ERAS pathways for patients under-

oing abdominal wall reconstruction (AWR) is sparse. 4,5 

At our center, ERAS was introduced in 2014 after initial results

ere published in a pilot study. 4 The pilot study was limited by

 low number of included patients, leaving a high risk of type-II

rror. We hypothesized that in a large cohort, ERAS would lead to

educed length of stay (LOS) and lower complication rates with-
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ut increasing the readmission rates. Thus, the aim of the cur-

ent study was to evaluate the complication rates, length of hospi-

al stay, and readmission rates in an ERAS pathway by comparing

atients undergoing ERAS after AWR with those who underwent

WR before the introduction of the new pathway. 

ethods 

This was a retrospective cohort study based on a prospectively

ept local database that included all patients undergoing AWR at

 regional hernia center, which treated patients with complex ab-

ominal wall defects in the Capital Region of Denmark and ser-

iced 1.8 million inhabitants. 

On December 1, 2014, an ERAS pathway was introduced af-

er AWR and was subsequently applied to all patients undergoing

WR. From February 2016 to March 2018, a randomized controlled

rial comparing preoperative high-dose glucocorticoid to placebo

as conducted at our center, and to minimize bias, the 42 patients
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included in the randomized controlled trial were excluded from

the present analysis. All remaining patients undergoing AWR in the

ERAS pathway were included in the study and compared with pa-

tients undergoing AWR before the introduction of ERAS. A total of

32 patients treated immediately before and after the introduction

of the ERAS pathway were evaluated in a previously published pi-

lot study. 4 These patients were also included in the current study.

As a standard, all patients operated on for fascial defects > 10 cm

are offered open surgery at our center. 

All patients underwent retro-muscular mesh placement a.m.

Rives-Stoppa, aided by endoscopic anterior components separation

or open transversus abdominis release, according to intraoperative

assessment. 6,7 Transversus abdominis release was adopted at our

center in 2015 and thus only performed in the ERAS group. During

the study period, a total of 3 senior surgeons who specialized in

hernia surgery performed the operations. 

Registered outcomes 

Preoperatively, registered data included age, sex, body mass in-

dex (BMI), comorbidities, glucocorticoid usage, fascial defect size,

number of previous hernia repairs, smoking status, alcohol con-

sumption, and American Society of Anesthesiologists (ASA) score,

as well as the use of epidural catheter or transversus abdomi-

nis plane block for analgesia. Intraoperative variables included site

of mesh placement, type of components separation, contamina-

tion grade, and type of mesh used. Postoperatively, all surgical and

medical complications, reoperations, LOS, and readmissions within

30 days were registered. Complications were reported according to

the Clavien-Dindo ranking score. 8 As a standard, all patients were

seen by a hernia surgeon 30 days postoperatively. 

The main outcome was complications during the first 30 days

postoperatively. Second, postoperative LOS and readmission were

analyzed. 

ERAS pathway 

Preoperative optimization of the patients included complete

smoking cessation, weight loss if BMI > 35 kg/m 

2 , and a reduction

in alcohol consumption, if this was excessive. If these demands

could not be met and severe symptoms or repeated incarcerations

were present, patients were nonetheless offered AWR. The ERAS

pathway has been described in detail previously. 4 

At the time of planning of surgery, and again on the day of pre-

operative admission, patients were informed about the expected

postoperative course, including early feeding and early mobiliza-

tion. One hour before surgery (day 0), oral pain prophylaxis and

low molecular weight heparin (tinzaparin) 3,500 IU was adminis-

tered subcutaneously, and an epidural catheter was applied in the

thoracic vertebral interspace 8 to 10, according to the hernia lo-

cation. After the induction of anesthesia, intravenous methylpred-

nisolone 125 mg was administered as a single shot. 

At completion of surgery and before extubation an abdomi-

nal binder was applied, and patients were instructed to wear the

binder until clinical follow-up 30 days postoperatively. 

The epidural analgesia was discontinued at 9:00 pm on post-

operative day 2, and the epidural catheter was subsequently re-

moved the morning after. One hour before pausing epidural anal-

gesia, morphine 10 mg was administered orally as analgesic bridg-

ing. Rescue analgesics consisted of either orally or intravenously

administered morphine or oxycodone, administered on demand. 

Subcutaneous drains were removed when the daily output was

below 60 mL per drain. Patients were mobilized from the bed post-

operatively as soon as possible, preferably upon returning from the

recovery ward. Further details about the pathway are described in

Table 1 . 
Although the postoperative discharge criteria were largely un-

hanged after the introduction of the ERAS protocol, daily as-

essments of these were made mandatory in patients undergoing

RAS, and the patient was discharged whenever these criteria were

ulfilled ( Table 2 ). 

tatistics 

Categorical variables were given as n (%) and compared across

roups using the chi-square test. Numerical variables were given as

ean (standard deviation [SD]) and compared across the 2 groups

sing Student t -test with the exception of LOS, which was reported

s median (interquartile range [IQR]) and compared across groups

sing Mann Whitney U-test. Approval for this study was granted

y the National Danish Data Protection Agency (BFH-2016-062, I-

uite: 04939) and the Regional Ethics Committee of Copenhagen

journal no. 16044045). 

esults 

In the period from April 15, 2011 to March 31, 2018, a total

f 232 patients underwent AWR. Of these, 42 were included in

 randomized controlled trial of preoperative high-dose glucocor-

icoid versus placebo and excluded from the current study. 9 This

eft 190 patients for inclusion, of which 96 were treated accord-

ng to the standard protocol, and 94 underwent the ERAS path-

ay. The 2 groups of patients were comparable in terms of sex

istribution, BMI, and ASA classification, whereas patients in the

RAS group were older compared with the control group (63.7 ±
2.8 years vs 59.9 ± 12.7 years, P = .035, Table 3 ). There was no

ifference regarding the number of patients with excessive alco-

olic intake, but there were fewer tobacco smokers in the ERAS

roup (4.4% vs 20.8%, P = .006). Further, there were no differences

etween the 2 groups in terms of fascial defect size, number of

ecurrence repairs, duration of surgery, or intraoperative contam-

nation grade ( Table 2 ). There was a significant difference in the

ype of components separation utilized, as transversus abdominis

elease was performed in 31.9% of patients in the ERAS group com-

ared to 0% in the control group ( P < .001). In total, 95.7% of the

atients in the ERAS group received preoperative high-dose gluco-

orticoid and most patients in both groups had a thoracic epidural

atheter placed preoperatively (control 87.4% vs ERAS 87.2%). 

There was a higher incidence of wound-related events after

he introduction of the ERAS pathway (12.5% vs 24.5%, P = .033,

able 4 ) but no difference in the incidence of wound-related events

equiring operative intervention (7.1% vs. 6.9%, P = .967). In the con-

rol group, 1 patient developed postoperative small bowel obstruc-

ion. In addition, 2 patients in the control group and 1 patient in

he ERAS group had early fascial dehiscence, including mesh dis-

lacement. Overall, there was no difference in the rates of reoper-

tions between the 2 groups (ERAS 10.6% vs control 10.4%, P = 1.0).

oreover, the cohorts did not differ with regard to the incidence

f pneumonia (ERAS 7.4% vs control 15.6%, P = .125) or renal fail-

re requiring hemodialysis (ERAS 2.1% vs control 1.0%, P = .619). No

atients in the cohort developed postoperative myocardial infarc-

ion or other thrombotic events. The LOS was significantly reduced

n the ERAS group (ERAS median 4.0, IQR 3.0–6.0 days vs control

.0, 4.0–7.0 days, P < .001) with no difference in the rate of 30-

ay readmissions (ERAS 16.0% vs control 12.5%, P = .635). Reasons

or readmissions are shown in Table 4 . 

iscussion 

In the current study, the introduction of an ERAS pathway re-

ulted in a decreased LOS without increasing the rate of complica-

ions requiring intervention or readmissions. 
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Table 1 

Perioperative care to patients undergoing abdominal wall reconstruction for large incisional hernia. 

Standard care Enhanced recovery pathway 

Preoperative information about expected discharge and discharge criteria – + 

Oral analgesics preoperatively: paracetamol 1 g, ibuprofen 400 mg, gabapentin 600 mg – + 

Preoperative high-dose glucocorticoid – + 

Oral analgesics postoperatively: paracetamol 1 g × 4, ibuprofen 400 mg × 3 – + 

Required daily assessment of discharge criteria – + 

Duration of epidural analgesia 3 days (or less) 2 days 

Early oral feeding immediately postoperatively + + 

Pulmonary physiotherapy immediately postoperatively + + 

Supplemental oxygen Only when supine first 48 hours postoperatively Not defined 

Postoperative chewing gum until bowel function – + 

Urinary catheter removed 24 hours postoperatively + + 

Enema 48 hours postoperatively if no bowel function – + 

Drains removed when daily output in each drain less than 30 mL 60 mL 

Table 2 

Discharge criteria after abdominal wall reconstruction. 

Standard care Enhanced recovery pathway 

Ability to get dressed independently + + 

Ability to get in and out of bed + + 

Ability to sit and rise from a chair/toilet + + 

Independence in personal care + + 

Mobilization + + 

Pain tolerated with oral analgesics (pain VAS score < 5 during activity) + + 

Sufficient oral intake of food and drinks + + 

Acceptance of discharge + + 

Transcutaneous oxygen saturation greater than 0.91 without supplementary oxygen – + 

Table 3 

Demographic and perioperative data on patients undergoing abdominal wall reconstruction before and 

after the introduction of an ERAS program. 

Standard care ( n = 96) ERAS (n = 94) P 

Age [y], mean (SD) 59.9 (12.7) 63.7 (11.8) .035 

Male sex, n (%) 56 (58.3) 58 (61.7) .745 

ASA score, n (%) .091 

1 24 (25.0) 15 (16.0) 

2 56 (58.3) 69 (73.4) 

3 16 (16.7) 10 (10.6) 

BMI [kg/m 

2 ], mean (SD) 28.0 (5.7) 28.3 (4.6) .658 

Tobacco smoking, n (%) 20 (20.8) 3 (4.4) .006 

Excessive alcoholic intake, n (%) 7 (7.3) 7 (10.4) .672 

Recurrent hernia, n (%) 21 (21.9) 23 (24.5) .801 

Duration of surgery [minutes], mean (SD) 235.0 (65.2) 245.8 (75.7) .293 

Horizontal fascial defect [cm], mean (SD) 12.0 (3.8) 11.1 (3.2) .658 

Vertical fascial defect [cm], mean (SD) 16.0 (5.4) 14.9 (5.8) .154 

Contamination grade, n (%) .507 

1 86 (89.6) 85 (90.4) 

2 8 (8.3) 9 (9.6) 

3 1 (1.0) 2 (2.1) 

4 1 (1.0) 0 (0) 

Preoperative glucocorticoid administration, n (%) 0 (0) 90 (95.7) < .001 

Lateral release procedures 

None 8 (8.3) 0 (0) < .001 

Endoscopic anterior component separation 88 (91.7) 64 (68.1) 

Transversus abdominis release 0 (0) 30 (31.9) 

Epidural analgesia, n (%) 83 (87.4) 82 (87.2) .874 
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Two comparable cohort studies have previously reported on the

utcomes of an ERAS pathway after AWR and reached different

onclusions. Majumder et al, likewise, found decreased LOS from

 to 4 days after the introduction of ERAS, whereas another cohort

tudy reported a 5-day median LOS in both groups. However, the

ncidence of wound complications was significantly reduced from

2% in the control group to 11% in the ERAS group. 10,11 In both of

hese studies, and in the current study, the mean hernia dimen-

ions were comparable, as were the rates of patient comorbidity.

owever, the mean BMI was higher in both studies than in the

urrent study. 
In the current study, the main analgesic treatment was an

pidural catheter. This is in contrast to several reports from the

nited States, where transverse abdominis plane block using Ex-

arel (Pacira Pharmaceuticals Inc., San Diego, California) has been

mplemented as the main analgesic treatment. 10,12 In a recent

tudy from the Americas Hernia Society Quality Collaborative, it

as found that epidural analgesia after AWR was associated with

ncreased LOS and postoperative complications compared with

atients without epidural analgesia. These reported differences

ould be due to confounding by indication. 13 The median LOS in

he current study suggests that early discharge is indeed feasible
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Table 4 

Postoperative outcomes after abdominal wall reconstruction in 2 study cohorts: Standard care 

versus ERAS program. 

Standard care ( n = 96) ERAS ( n = 94) P 

Wound-related complications, n (%) 12 (12.5) 23 (24.5) .033 

Surgical site infection 5 (5.2) 9 (9.6) 

Grade I 2 5 

Grade IIIb 3 4 

Seroma 2 (2.1) 6 (6.4) 

Grade I 2 6 

Skin dehiscence 4 (4.2) 3 (3.2) 

Grade I 1 2 

Grade IIIb 3 1 

Hematoma 1 (1.0) 4 (4.3) 

Grade I 0 1 

Grade II 0 1 

Grade IIIb 1 2 

Skin necrosis 0 (0.0) 1 (1.1) 

Grade I 0 1 

Fascial dehiscence, n (%) 2 (2.1) 1 (1.1) 1.00 

Grade IIIb 2 0 

Grade IVb 0 1 

Pneumonia, n (%) 15 (15.6) 7 (7.4) .125 

Grade II 12 4 

Grade IVa 2 2 

Grade IVb 1 0 

LOS, median (IQR), days 5 (4–7) 4 (3–6) < .001 

30-day readmission, n (%) 12 (12.5) 15 (16.0) .635 

Complications requiring reoperation 7 7 

Complications treated conservatively 2 3 

Patient concern 3 4 

Pain 0 1 

30-day reoperation, n (%) 10 (10.4) 10 (10.6) 1.00 

Hematoma 1 2 

Surgical site infection 3 4 

Fascial dehiscence 2 1 

Acalculous cholecystitis 1 0 

Skin dehiscence 3 1 

Small bowel obstruction 0 1 

Intra-abdominal hypertension 0 1 
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after epidural analgesic treatment. It may be that one key element

in reducing the LOS was the early discontinuation of the epidu-

ral analgesia. Whether or not transversus abdominis plane blocks

are superior to epidural analgesia in this specific patient group re-

mains to be examined. 

The inclusion of a preoperative single-shot, high-dose glucocor-

ticoid as part of an ERAS program in patients undergoing AWR is

novel. Aside from a small pilot study from our center, this treat-

ment regimen has not been reported as standard in any other

published material. 4 Glucocorticoid was originally included in the

pathway because it inhibits the postoperative inflammatory re-

sponse, leading to improved analgesia and, for some procedures,

reduced rates of postoperative complications. 14,15 Although LOS

was reduced in the current study, there was no statistical differ-

ence in the rate of postoperative complications requiring interven-

tion after the introduction of ERAS, including single administration

of preoperative glucocorticoid. It remains unknown if these find-

ings can be specifically attributed to the anti-inflammatory effects

of this drug, because the current study reports the results of the

complete ERAS pathway. 

The incidence of wound-related complication was significantly

higher in the ERAS group. However, the incidence of wound-

related complications requiring surgical intervention was compara-

ble between the 2 groups, and the rate of postoperative pneumo-

nia was insignificantly halved after the introduction of ERAS. The

lack of improvement in complication rates may be due to the al-

ready low incidence in the control group, leaving little room for

improvement in this outcome. Another reason for the similar com-

plication rates across the 2 groups may be that the postoperative

care for patients in the control group was originally derived from
he colorectal postoperative pathway at our hospital, which con-

ains some aspects of the ERAS principles—mainly early mobiliza-

ion, early oral feeding, and regional anesthesia. The rate of post-

perative pneumonia, however, was insignificantly decreased and

ay be related to improved analgesia by the administration of glu-

ocorticoid. The higher prevalence of active tobacco smokers in the

ontrol group potentially offers another explanation for this find-

ng. The higher incidence of wound-related complications in the

RAS group may be due to the slightly higher rate of comorbid-

ty in this group, or a consequence of the reduced endoscopic ap-

roach to components separation after the introduction of trans-

erse abdominis release during the period for inclusion of the ERAS

roup. 16 

The ERAS pathway reported in the current study did not include

reoperative nutritional preparation. In the 2 previously published

tudies from other groups of ERAS for patients undergoing AWR,

his was utilized in the form of immunonutrition drinks, which in

everal nonhernia studies has been found to reduce both the in-

idence of postoperative infections and LOS. 17,18 As a consequence,

reoperative immunonutrition for all patients undergoing AWR has

een recommended by some authors, although never examined

pecifically on this indication. 19 The lack of preoperative nutritional

reparation in our ERAS program may also, in part, explain why no

eduction in the rate of postoperative complications was found. 

It has previously been shown that ERAS pathways reduce pa-

ient reported pain and the need for opioids. 20,21 For the cur-

ent study, it was not possible to retrieve information about

upplementary opioid usage. However, we hypothesize that the ef-

ects of ERAS on pain and opioid consumption reported in the lit-

rature also apply to patients undergoing AWR. 
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There are limitations to this study that must be acknowledged.

oremost among these is the use of a historical control group. The

onclusions drawn from any study based on historical controls are

nherently weaker than those reached from a randomized control

tudy. There are other limitations as well. When the ERAS pathway

as introduced, there may have been an expectation bias raised

hat played a role in the reduced LOS that was observed. In addi-

ion, the operative techniques may have improved over time, lead-

ng to the reduced LOS. We do not know what role, if any, gluco-

orticoids played in the outcomes reported here. The concurrent

andomized study of glucocorticoid use may shed light on that

uestion. The conclusions of this study must be interpreted with

hese weaknesses in mind. 

In conclusion, the current study confirms that, for patients un-

ergoing AWR, ERAS including administration of a high-dose pre-

perative glucocorticoid led to a reduction in postoperative LOS,

ith no difference in complications requiring intervention. 
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