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a b s t r a c t

Background: Pathways of enhanced recovery after surgery represent a standardized, multimodal
approach to postoperative care with the goal of accelerating recovery without increasing morbidity. We
hypothesized that implementation of an enhanced recovery after surgery pathway for abdominal wall
reconstruction would result in a decreased duration of stay.
Methods: We compared 100 historic controls to 100 consecutive patients undergoing abdominal wall
reconstruction with use of a newly implemented, enhanced recovery after surgery pathway to detect a
difference in duration of stay of 1 day. Groups were compared on demographics and clinical charac-
teristics using c2, Fisher exact, Mann-Whitney U test, and 2 sample t tests as appropriate for the data.
Results: There was no change in duration of stay with the enhanced recovery after surgery protocol
(median 5 vs 5 days, P ¼ .78). There was no difference in time to regular diet (median 3 vs 3 days, P ¼ .14).
There was a trend toward decreased time epidurals or patient-controlled analgesia used (median 3 vs
3 day, P ¼ .01). There was no increase in readmission rates. In a subgroup analysis, factors associated with
a duration of stay <4 days were hernia width 9.5 ± 7.2 cm (P ¼ .009), operative time 2.5 ± 0.9 hours
(P ¼ .001), and preoperative quality-of-life scores (HerQles) 59.5 ± 11.7 (P ¼ .008).
Conclusion: Our enhanced recovery after surgery study group did not show a decrease in duration of stay.
Although smaller hernia defects, lesser operative times, and better baseline quality-of-life scores were
associated with shorter duration of stay, the benefits of enhanced recovery after surgery seem limited in
patients with the more complex hernia repairs.

© 2019 Elsevier Inc. All rights reserved.
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Introduction

Pathways of enhanced recovery after surgery (ERAS) represent a
multimodal approach to postoperative care with the goal of
improved recovery, outcomes, and value.1 The use of ERAS protocols
in both open and laparoscopic colorectal surgery has been studied
extensively, with improvements in perioperative outcomes and de-
creases in length of stay (LOS).2e6 ERAS protocols have since been
expanded to other specialties, including orthopedic, genitourinary,
and multiple organ-based operations in gastrointestinal surgery.7

Protocols have also been developed for ventral hernia repair,
demonstrating shorter times to regular diet and a decrease in LOS
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by >2 days in some studies. Although these studies suggest a
benefit of enhanced recovery pathways for patients undergoing
ventral hernia repair, the utility of ERAS pathways in complex
abdominal wall reconstruction (AWR) with larger defects requiring
separation of components remains largely unknown. We hypoth-
esized that implementation of an ERAS pathway for AWR would
result in faster recovery and decreased LOS.

Materials and Methods

After reviewing the literature on ERAS pathways, a core group of
hernia surgeons agreed to follow a universal protocol for patients
undergoing elective AWR at Cleveland Clinic, which is summarized
in Table I. A comparison between the existing postoperative care
and the ERAS pathway is shown in Table II. Patients undergoing
repairs of midline, incisional, or flank hernias were included in the
study. All Centers for Disease Control and Preventionwound classes
were included. Patients undergoing parastomal hernia repairs,
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Table I
ERAS pathway

POD Pain control Diet and bowel regimen IV fluids Lines/drains

POD0 Intraoperative TAP blocks
PCA

NPO in PACU
Clears on RNF

Limit intraoperative IVF
MIVF@75

Foley
No NGT drains

POD1 Toradol q 6 h (at discretion of surgeon)
Scheduled Tylenol and gabapentin

Clears
Milk of mag 30 mL BID
Colace BID

Decrease MIVF (if good UOP and
tolerating PO)

Foley
No NGT
Drains per surgeon

POD2 Add oxycodone (if tolerating PO)
Wean PCA settings as tolerated

Regular (if tolerating clears)
Continue bowel regimen

Decrease MIVF (if good UOP and
tolerating PO)

d/c Foley
Drains per surgeon

POD3 Plan to d/c PCA and transition to PO w/IV for
breakthrough pain

Regular diet
Continue bowel regimen

HLIV (if tolerating PO) No Foley or NGT
Drains per surgeon

POD4-5 Goal to discharge by POD4 (afternoon
discharge) vs POD5 if doing well

NGT, nasogastric tube; PACU, post anesthesia care unit;MIVF, maintenance intravenous fluids; HLIV, heplock intravenous fluids; NPO, nil per os; RNF, regular nursing floor; IVF,
intravenous fluids; BID, twice daily; UOP, urine output; d/c, discontinue.

Table II
Pre-ERAS versus post-ERAS postoperative care

Pre-ERAS Post-ERAS

Pain control Epidural
Variable non-narcotic regimens
Gabapentin not used

TAP-block þ PCA
Scheduled Tylenol þ gabapentin
Earlier use of PO oxycodone

Diet NPO POD#0
Variable diet advancement
Regular diet once having bowel function

Clears POD#0
Earlier diet advancement

Fluids Variable intraop fluid and postop regimens Goal-directed fluids
Limited fluids postop

Foley catheters Routinely placed
Foley continued while epidural in place

Discontinue Foley on POD2

Nasogastric tubes Placed if bowel resection, enterotomy, prolonged lysis of adhesions Not utilized in immediate postoperative period

J. Colvin et al. / Surgery 166 (2019) 849e853850
bridged repairs, or complex autologous tissue reconstruction with
free myocutaneous flaps were excluded. In addition, patients who
were unable to be extubated immediately postoperatively were
excluded.

A multimodal approach to pain control was used, starting with
intraoperative transversus abdominis plane (TAP) blocks. TAP
blocks were performed by the surgeon with 20 mL of bupivacaine
liposomal suspension diluted in 80mL of 0.9% NaCl and injecting 50
mL of the solution per side in 5 different locations into the cut edge
of the transversus abdominus during the operation. Post-
operatively, patients were given intravenous, patient-controlled
analgesia (PCA) with hydromorphone at a maximum of 0.2 mg
every 6 min. Fentanyl was used as an alternative for PCA if there
was an allergy or other contraindication to hydromorphone. The
PCA was weaned as oral analgesics were introduced and was dis-
continued on postoperative day (POD) 3 if patients were tolerating
a regular diet. Scheduled oral acetaminophen (650 mg every 6
hours) and gabapentin (300 mg 3 times daily) were started on
POD1. Oxycodone 5 mg every 4 h as needed was started on POD2 if
patients were tolerating oral intake. Intravenous ketorolac was
used at the discretion of the attending surgeon.

Bowel regimen consisting of milk of magnesia (30 mL twice
daily) and docusate (100mg twice daily) was started on POD1. Clear
liquid diet was started on POD0 and advanced as tolerated to a
regular diet on POD2-3. Intravenous fluids were limited, with goal-
directed fluid intraoperatively and judicious use of IV fluids post-
operatively. Initially, patients were started on 75 mL/h of IV fluids
and decreasing the rate, as diet was advanced with a goal to dis-
continue IV fluids on POD3.

Routine laboratory workup, including basic metabolic panel
and complete blood count, were obtained for 2 occurrences
postoperatively and thereafter only as indicated clinically. Naso-
gastric tubes were not used routinely in the immediate post-
operative period. Foley catheters were placed after induction of
general anesthesia and removed on POD2 barring any ongoing need
for the closer monitoring of urine output. Subfascial drains were
routinely placed intraoperatively and were removed when the
drain output was less than 30 mL/24 h or at the discretion of the
attending surgeon. Early ambulation and mobilization were
encouraged, and physical therapy was consulted as needed to aid
with ambulation.

Patients were deemed stable for discharge once they were
tolerating a regular diet, voiding spontaneously, having bowel
movements, and pain was controlled with oral medications. The
goal was for discharge on POD4 or POD5 if the aforementioned
criteria were met.

A standard order set was made within the electronic medical
record. The attending surgeons, resident-physicians, mid-level
providers, and nurses were educated on the new protocol.

Based on an historic LOS of 6 days with a standard deviation of
2.5 days for our patient population, we performed a sample size
calculationwith an a of 0.05, power of 0.8, and determined that 100
patients were needed in each arm to detect a difference in LOS of 1
day.

After obtaining approval by our Institutional Review Board, the
ERAS protocol was implemented, and data were collected pro-
spectively. The study cohort (ERAS group) was compared with the
data from a historic group of patients who underwent AWR before
implementation of the ERAS protocol (control group), which were
obtained via retrospective chart review. Basic demographics and
patient characteristics, such as age, sex, body mass index, smoking
status, comorbidities, and American Society of Anesthesiologists



Table III
Patient demographics

Pre-ERAS Post-ERAS P value

Age (y) 58 ± 14 57 ± 14 .59
Sex
Male 36 53 .02
Female 64 47

BMI (kg/m2) 32.3 ± 5.8 31.0 ± 5.4 .10
ASA
1 1 0 .48
2 18 14
3 78 79
4 3 7

HerQles baseline 53.8 ± 15.2 50.8 ± 15.5 .29
Raw pain score baseline 43.8 ± 11.8 45.4 ± 11.8 .48
Current nicotine use 9% 4% .25
Chronic obstructive pulmonary disease 7% 9% .80
Diabetes mellitus 26% 18% .23
Recurrent hernia 56% 53% .78

BMI, body mass index; ASA, American Society of Anesthesiologists Class.

Table IV
Operative variables

Pre-ERAS Post-ERAS P value

Procedure
TAR 99 91 .24
Flank hernia 1 6
Onlay 0 2
Retrorectus 0 1

CDC wound class
1 83 91 .19
2 10 5
3 7 2
4 0 1

Mesh material
Synthetic 96 99 .37
Biologic 4 1

Hernia width (cm) 15.6 ± 5.5 15.5 ± 6.2 .94
Operative time (h) 3.7 ± 0.9 3.6 þ 1.0 .35

CDC, Centers for Disease Control and Prevention; TAR, transversus abdominis
release.

Table V
Postoperative variables

Pre-ERAS Post-ERAS P value

LOS (d)* 5 (4e7) 5 (4e7) .78
Time to regular diet (d)* 3 (2.8e4) 3 (2e4) .14
Time to discontinuation of

patient-controlled analgesia (d)*
3 (2e4) 3 (2e4) .01

Time to discontinuation of
Foley catheter (d)

3 (2e4) 2 (2e2) <.01

Complication rate 30 36 .45
Respiratory 12 14
Ileus 8 11
AKI 1 3
UTI 5 2
Acute blood loss anemia 1 3
A fib with RVR 2 3
SSI/SSO 3 3
Hypotension 4 0

Inpatient complication
Yes 30 36 .45
No 70 64

30-day readmission
Yes 9 12 .64
No 91 88

HerQles 30-day post-operative 45.2 ± 11.3 49.1 ± 8.3 .10
Raw pain score 30-day postoperative 57.8 ± 17.3 52.8 ± 15.1 .20

AKI, acute kidney injury; UTI, urinary tract infection; RVR, rapid ventricular
response; SSI, surgical site infection; SSO, surgical site occurrence.

* Median (interquartile ranges).
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classification were obtained. In addition, we recorded operative
variables, such as type of hernia repair, operative time, size of the
hernia defect, and type and size of the mesh used. Postoperatively,
time to regular diet, time to discontinuation of epidural or PCA, and
inpatient and 30-day complications were tracked. HerQles is a 12-
question, disease-specific, quality-of-life measurement survey
specific to ventral hernia, in which greater scores are associated
with a better quality of life and a more functional abdominal wall.12

The HerQles score and raw pain scores were obtained preopera-
tively and 30 days postoperatively. Groups were compared, with
primary outcome being LOS. Data were described using mean and
standard deviation for continuous variables and counts and per-
centages for categorical variables. Groups were compared on de-
mographics and clinical characteristics using c2, Fisher exact, 2
sample t tests, and Mann-Whitney U test as appropriate. All ana-
lyses were performed on a complete-case basis. All tests were
2-tailed and performed at a significance level of 0.05. R 3.3.1
(Vienna, Austria) was used for all analyses.

Results

The pre- and post-ERAS groups were similar, with the exception
of the pre-ERAS group containing more females. Age, body mass
index, American Society of Anesthesiologists class, and baseline,
hernia-specific quality of life score were similar between groups
(Table III). Groups were also comparable with regard to procedure
performed, wound class as per the classification by the Centers for
Disease Control, type of mesh used, hernia size, and operative time
(Table IV). Average hernia width was similar between the pre-ERAS
and post-ERAS groups (15.6 ± 5.5 vs 15.5 ± 6.2 cm, P ¼ .37). There
was a large number of recurrent hernias in each group (56% pre-
ERAS vs 53% post-ERAS, P ¼ .78).

Therewas no change in LOSwith the ERAS protocol (median 5 vs
5 days, P ¼ .78). Postoperative variables are summarized in Table V.
There was no difference in time to regular diet (median 3 vs 3 days,
P ¼ .14). There was a trend toward a decreased duration of use of
epidurals or PCA owing to outliers (median 3 vs 3 days, P¼ .01). The
time Foley catheters were used postoperatively was decreased
(median 3 vs 2 days, P < .01). There was no increase in complica-
tions or 30-day readmissions in the post-ERAS group (30% vs 36%;
P ¼ .45 and 9% vs 12%; P ¼ .64, respectively).

To identify which factors were associated with short and long
hospital stays, a subgroup analysis was performed comparing pa-
tients who stayed�4 days vs�6 days (± 1 day from the median). In
subgroup analysis, numerous clinical factors were associated with a
LOS <4 days or a LOS >6 days (Table VI). Smaller defects (hernia
width 9.5 ± 7.2 cm, P ¼ .009), shorter operative times (2.5 ± 0.8
hours, P ¼ .001), and greater preoperative quality of life scores
(HerQles score 59.5 ± 11.7, P ¼ .008) were associated with a LOS of
<4 days. Conversely, larger defects (hernia width 17.3 ± 6.5 cm,
P ¼ .009), longer operative times (3.77 ± 1.0 hours, P ¼ .001), and
lesser preoperative quality of life scores (HerQles score 44.4 ± 15.6,
P ¼ .008) were associated with a LOS >6 days.

Discussion

Utilizing a multimodal approach to postoperative recovery, we
developed an ERAS pathway for patients undergoing AWR. There
was no change in LOS or time to regular diet after introduction of
the ERAS pathway, although there was a trend toward less PCA use.
The decrease in PCA use, however, was not clinically significant
because the median days was unchanged. Duration of the foley
catheter was decreased by 1 day. Overall, however, there was also
no change in complication rates or 30-day readmissions. Less



Table VI
Subgroup analysis of LOS

LOS <4 days
(n ¼ 10)

LOS >6 days
(n ¼ 26)

P
value

Age (y) 56.1 ± 12.3 62.5 ± 12.2 .18
Sex
Male 5 (50%) 12 (46%) 1.0
Female 5 (50%) 14 (54%)

BMI (kg/m2) 30.8 ± 4.5 31.8 ± 5.4 .58
ASA
1 0 (0%) 0 (0%) .50
2 0 (0%) 1 (4%)
3 10 (100%) 21 (81%)
4 0 (0%) 4 (15%)

Procedure
TAR 7 (70%) 24 (92%) .036
Flank hernia 0 (0%) 2 (8%)
Onlay 2 (20%) 0 (0%)
Retrorectus 1 (10%) 0 (0%)

Hernia width (cm) 9.5 ± 7.2 17.3 ± 6.5 .009
Operative time (hours) 2.5 ± 0.8 3.77 ± 1.0 .001
HerQles score
Baseline 59.5 ± 11.7 44.4 ± 15.6 .008
30-day postoperative 63.2 ± 18.8 51.5 ± 13.2 .19

BMI, body mass index; ASA, American Society of Anesthesiologists Class.
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complex patients with smaller hernias and a better quality of life
who required shorter operations were more likely to have a shorter
hospital stay. But overall, it seems that our protocol of enhanced
recovery had little impact in more complex hernia patients that
dominate our practice.

Our pathway was developed based on existing practice patterns
and available literature regarding the various components of ERAS
protocols. Before the creation of the ERAS protocol, our group used
epidurals routinely for postoperative analgesia in patients under-
going posterior component separation. Prabhu et al found that
epidurals were associatedwith a greater rate of complications and a
longer LOS.13 Therefore, we chose to discontinue epidurals in our
practice and instead use TAP blocks which have shown efficacy for
postoperative analgesia in abdominal surgery including ventral
hernia repair.14,15 Intraoperative TAP blocks performed under direct
visualization by the surgeon have been shown to be superior to
ultrasonographic-guided TAP blocks in patients undergoing pos-
terior component separation.16

In an attempt to decrease overall narcotic use and enhance re-
covery, a multimodal pain regimen was used, which has been
shown to decrease opioid requirements in patients undergoing
ventral hernia repair.17 In addition to regional anesthesia, sched-
uled acetaminophen and gabapentin were started on POD1, which
have been shown to decrease pain scores and narcotic use.18

Nonsteroidal anti-inflammatory agents (IV ketorolac) were used
at the discretion of the attending surgeon in patients with normal
renal function, normal platelets, and low risk of bleeding. Oral
narcotic pain medication was available for rescue, with a goal of
discontinuing IV narcotics as soon as possible.

Perioperative use of alvimopan has been shown to decrease
time to return of bowel function and decrease the rate of post-
operative ileus in patients undergoing bowel resection.19,20 Because
the majority of our patients not require bowel resection, alvimopan
was not included in our ERAS protocol. Instead, we initiated early
enteral feeding and the avoidance of nasogastric tubes, which in the
colorectal literature leads to earlier return of bowel function and
shorter LOS.21

The overall LOS for both our study cohorts was 5 days, and we
did not demonstrate any decrease in LOS with an ERAS protocol,
which is in opposition to several studies on ERAS and ventral hernia
repair. In comparison, Fayezizadeh et al published preliminary
results for an ERAS pathway in 42 patients undergoing AWR, which
showed a mean decrease in LOS of 1.4 days9; however, in their
study, there were no details regarding size of hernia or operative
details. Because we demonstrated in our study that larger defects
have longer an overall LOS and are less likely to benefit from ERAS,
we cannot reliably compare these 2 studies and draw meaningful
conclusions. Jensen et al published an observational study, evalu-
ating the effect of ERAS pathway on 16 patients undergoing ventral
hernia repair using a retrorectus repair for defects >10 cm. They
also demonstrated a decrease in LOS from 5.5 to 3.0 days, with no
difference in complications or readmissions10; however, given the
small sample size, this study may have been underpowered to
detect to a true difference. In contrast to our patient population in
which the majority of patients required a posterior component
separation for repair, only 3 of their patients required an anterior
component separation and no posterior component separations
were performed. Given that our patient population had larger de-
fects and required more extensive operations for repair, these pa-
tient populations are not also comparable.

Majumder et al studied an ERAS protocol for patients under-
going ventral hernia repair with posterior component separation
and transversus abdominis release. In this prospective cohort study,
100 patients with an average defect size of 13.2 cmwere compared
to a historic control group; this study suggested a decrease in LOS
from 6.1 to 4.0 days. In addition, they found a lesser readmission
rate in the ERAS group.8 In that study, however, patients under-
going bowel resection, biologic mesh placement owing to
contamination, postoperative intubation, and intensive care unit
admission were excluded from analysis.8 In contrast, our study
included all Centers for Disease Control and Prevention wound
classes, patients undergoing concomitant bowel resection, and
biologic mesh placement but not those requiring postoperative
ventilation. In addition, we evaluated our data as an intention to
treat analysis; therefore, patients who experienced complications
that extended their LOS were still included in the ERAS group. This
design may be one reason we did not see a difference in LOS be-
tween our control group and study group. In addition, Majumder
et al used alvimopan in their protocol, which was not utilized in our
pathway.

In an analysis looking at predictors of LOS, we found that pa-
tients with a LOS <4 days had smaller defect sizes (9.5 ± 7.2 cm),
shorter operative times (2.5 ± 0.8 hours), and greater baseline
quality of life score (HerQles score 59.5 ± 11.7). In comparison, a
defect size of 17.3 ± 6.5 cm and an operative time of 3.8 ± 1.0 hours
were associated with a LOS >6 days. Previous studies have
demonstrated that with patients more complex hernias have lesser
baseline HerQles scores.21 Taking HerQles score, hernia size, and
operative course into consideration, we may be able to predict
which patients would be more appropriate for an ERAS pathway
and be able to be discharged earlier. This approach may also
identify which patients are at risk for a prolonged LOS and therefore
would benefit from more aggressive, preoperative optimization to
enhance postoperative recovery.

There are several limitations to this study. Our study was
designed as a cohort study and relied on a historic control group for
comparison and patients were not randomized. Although consec-
utive patients undergoing AWRwere used in each group, there was
nearly a year gap between the control group and the cohort group.
Changes in practice patterns and hospital policies may not have
been the same between the 2 groups. Hospital policies and
discharge practices may have already been more aggressive. This
possibility is supported by the fact that our actual LOS in the pre-
ERAS group was 5 days, which was shorter than the historic data-
base LOS of 6 days that was originally used in the power calculation.
Furthermore, a large proportion of our patient population is from
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out of state. Long travel distances may have influenced the pattern
of discharge practice. Patients were analyzed based on actual LOS
rather than time to discharge readiness, and this fact may have
affected our results.

In addition, we based our power calculation on a historic LOS of
6 days. In our study, however, we found a LOS of 5 days in the
control group. Therefore, the study may not have been powered
sufficiently to see a change in LOS. Although secondary outcomes,
such as complications and time to regular diet, were analyzed, the
study was not powered to find differences in those variables.
Therefore, we are unable to draw conclusions about differences in
complications, readmission rates, or other clinical outcomes.

Future areas of study include modifying the existing pathway
and continuously improving on it in order to achieve optimal re-
covery for our patients. The possibilities could include a more
aggressive pathway for patients with smaller hernia defects,
shorter operative times, and greater quality of life scores, because
these factors were associated with a shorter LOS in our study. In
addition, we plan to study additional measures, such as use of
alvimopan, and incorporate its use into the ERAS pathway if the
results are positive.

Although we did not demonstrate a decrease in LOS, we were
able to identify factors that were associated with a shorter LOS.
There are several factors that may explain our unchanged LOS,
including the fact that we included all cases in the analysis,
regardless of adhesiolysis time, concomitant bowel resection, or
enterotomy. In addition, as a complex tertiary care center, our
practice includes many complex hernias with larger defects. Based
on our subgroup analysis, a longer LOS is associated with hernias of
this size. Finally, we used an intention-to-treat analysis, and,
therefore patients with postoperative complications who deviated
from the ERAS pathway were still included. Our ERAS pathway
allowed for a standardized, postoperative protocol for our patients
that represents a multimodal approach to patient care.
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