
Surgical intervention induces stressful events on the human 
body and interrupts its homeostasis. This stress increases 

carbohydrate consumption, cardiac output, and insulin resis-
tance and can cause relative hypoxia, impaired coagulation 
function, and altered gastrointestinal and pulmonary function 
[1]. All these disturbances may lead to delayed recovery, in-
creased postoperative hospital stay and increased postoperative 
complications. Delayed discharge is directly translated to ad-
ditional healthcare costs and prolonged sick leave, which may 
impose a considerable socioeconomic burden. The major goals 
of preoperative and postoperative protocols are to enhance re-
covery, decrease postoperative complication rates and reduce 
hospital stay. Until recently, most postoperative protocols after 
major gynecologic surgeries were individualized-based (both 
surgeon perspective and surgery perspective).

Enhanced recovery after surgery (ERAS) protocols are ev-
idence-based protocols designed to standardize medical care, 
improve outcomes, and lower health care costs [2,3]. These pro-
tocols include techniques to minimize surgical trauma and post-
operative pain, reduce complications, and decrease length of 
hospital stay. Moreover, ERAS protocols aim to expedite recov-
ery following elective procedures, with active involvement of 
the patient [4]. The goals of ERAS protocols include maintain-
ing normal organ physiology as possible in the peri-operative 
period, attenuating the surgical stress response and reducing end 
organ dysfunction through integrated preoperative, intra-opera-
tive, and postoperative pathways [5].

The primary objective of this study was to evaluate the im-
plementation of the ERAS protocol and its effect on postopera-
tive hospital stay after gynecological laparotomies in a single in-
stitute. Secondary objectives were to assess the impact of ERAS 
protocol implementation on postoperative recovery, namely 
mobilization, return to normal feeding and complication rates. 



The ERAS protocol was first implemented in our institute during 
January 2019, after which every laparotomy was required to follow 
the protocol, preoperatively as well as intra-operatively and post-
operatively. We included in our cohort all consecutive women who 
underwent major open gynecological surgery from August 2017 
to March 2020. Exclusion criteria were: women with laparoscopic 
converted into open surgery since the ERAS protocol was not im-
plemented prior to their surgeries; women with combined pelvic 
floor reconstruction or urinary incontinence surgeries, consider-
ing that their ERAS protocol is different in some aspects, such as 
the postoperative presence duration of an indwelling catheter. We 
compared baseline characteristics and surgical outcomes between 
women who were operated in the period before implementation of 
the ERAS protocol, August 2017 to December 2018 (pre-ERAS 
group) to those of women operated after implementation of the 
protocol, January 2019 to March 2020 (ERAS group). Charts were 
reviewed by two investigators (NK and NC). Any disagreement 
was resolved and revised by a third investigator (YS). 

The protocol used at our institute is presented in Figure 1. We 
used preoperative interventions including recommendations for 
cessation of smoking and alcohol cessation; patient education 

on the importance of postoperative recovery course of action; 
weight, hemoglobin, and albumin assessment; clear liquid fast-
ing only from 2 hours before surgery and a preoperative high 
carbohydrate drink 2 hours before surgery. Intra-operative in-
terventions included the use of gabapentin and acetaminophen 
1–2 hours before surgery and preventive antibiotics 30 minutes 
before the skin incision. During surgery we ensured proper body 
heating, used pneumatic stockings to prevent deep vein throm-
bosis and minimized the use of long acting opiates. Subcuta-
neous lidocaine injection and transverse abdominis plane block 
were performed at the end of the surgery. In the postoperative 
period, a trial to minimize the use of indwelling catheters, sur-
gical drains, nasogastric tubes, oxygen administration, opioids, 
and intravenous fluids was performed. In addition, early mobi-
lization, chest physiotherapy, gum chewing, early drinking on 
the same day of surgery, and early feeding were recommended. 
Postoperative interventions to facilitate achievement of these 
goals included: the administration of around the clock ondanse-
tron, gabapentin, and paracetamol. Measures to prevent venous 
thromboembolism were also considered.

We extracted data on patient demographics including age at 
surgery, body mass index (BMI), type of surgery (benign, stag-
ing, debulking), American Society of Anesthesiologists (ASA) 
score, smoking status, postoperative vomiting and nausea (pa-
tient self-reported symptoms, documented in medical charts), 
length of postoperative stay, postoperative complications, 30-



day re-hospitalization, and factors related to the implementa-
tion of the ERAS protocol. The latter included the presence of 
a postoperative urethral catheter, surgical drains, nasogastric 
tubes, early ambulation as the time out of bed in hours from re-
turn to the ward, early drinking, early feeding, the use of preop-
erative carbohydrate drink and the use of postoperative opioids. 

The primary endpoint was the duration of postoperative hospi-
talization following implementation of the ERAS protocol. Sec-
ondary endpoints were recovery, mainly return to early feeding, 
mobilization, postoperative opioid use, and complication rates 
after implementation.

Baseline characteristics were analyzed according to descriptive 
statistics. The continuous variables were presented as means ± 
standard deviations or as medians. The categorical variables 
were presented as percentages. Differences in clinical and de-
mographical characteristics between groups were analyzed 
using the chi-square test or Fisher’s exact test, as appropriate. 

 value < 0.05 was considered statistically significant. Statisti-
cal analyses were performed using IBM Statistical Package for 
the Social Sciences statistics software, version 24 (SPSS, IBM 
Corp, Armonk, NY, USA).

The study protocol was approved in April 2020 by the Ethics 
Review Committee of the Carmel Medical Center: Protocol 
number CMC 20-0058.

During the pre-ERAS period, 84 women underwent major 
open gynecological surgeries, but 4 women were excluded: 
One had a combined urinary incontinence surgery and three 
had a laparoscopic converted to open surgery. During the 
ERAS period, an additional 85 women underwent such surger-
ies, yet 5 women were excluded: two had a combined pelvic 
floor reconstruction or urinary incontinence surgery and three 
had a laparoscopic converted to open surgery. Age, BMI, ASA 
score, smoking, and surgery type (benign laparotomy, staging 
laparotomy or debulking procedure) were similar for the two 
groups [see Table 1]. 

The measures were implemented successfully in all patients 
until surgery. In the pre-ERAS group, 6 of 80 (7.5%) women 
received epidural analgesia and only 3 of 80 (3.75%) received it 
in the ERAS group (  = 0.493).

Postoperative ERAS protocol interventions before and af-
ter its implementation are shown in Table 2. We identified sig-
nificant changes according to the protocol in factors related to 
catheter use (decreased use of indwelling catheters with early 
removal (1.1 ± 0.4 vs. 1.64 ± 2.05;  = 0.009), decreased use of 
nasogastric tubes (7 [8.8%] vs. 23 [28.7%], = 0.001), as well 
as improvements in other postoperative care (early ambulation, 
early oral fluid intake, and feeding with reduced intravenous 
fluid use). Non-significant decreases in the use and duration of 
use of postoperative drainage were also recorded. 



Implementation of the protocol resulted in significant decreas-
es in post-surgical hospitalization (from 4.89 ± 2.56 to 4.09 ± 
1.65,  = 0.01), in patients reporting nausea symptoms (from 18 
[22.5%] to 7 [8.8%],  = 0.017), and in the use of postoperative 
opioids (from 77 [96.3%] to 47 [58.8%],  < 0.001) [Table 3].

Two cases of ileus requiring nasogastric tubes were recorded in 
the pre-ERAS group, and none in the ERAS group. No signif-
icant differences were observed between the groups in reports 
of vomiting, 30-day re-hospitalization rate, and postoperative 
complications. The 12 postoperative complications recorded for 
the pre-ERAS group were: 1 death, 3 re-laparotomies, 1 respira-
tory complication with de-saturation and bronchoscopy, 4 cases 
of infection, and 3 blood transfusions due to anemia. The 10 cas-
es of postoperative complications in the ERAS group comprised 
fever in 8 cases and infection in 2. 

Our study shows that successful implementation of the ERAS 
protocol in the gynecological ward resulted in a significant de-
crease in hospital stay, decreased use of postoperative opioid 
analgesics and a significant reduction in nausea following open 
gynecologic surgeries. 

ERAS programs were first implemented successfully in col-
orectal surgery, and subsequently in other disciplines including 
gynecology and gynecologic oncology [6,7]. Guidelines include 
evidenced-based preoperative interventions, as well as intra-op-
erative and postoperative protocols; the implementation of 
which has demonstrated improved postoperative recovery. The 
implementation of new protocols that encompass elements re-
lated to patient education, preoperative treatment, and intra-op-
erative and postoperative elements require a multidisciplinary 
approach and multiple team cooperation. 

Major surgical procedures are highly catabolic and cause 
increased body demands; they therefore have the potential of 
multisystemic involvement. The approach to expedite recovery 
should be relevant to all surgery fields regardless of the opera-
tive site. Accordingly, ERAS protocols are applicable to the full 
surgical gynecological spectrum, including minimally invasive 
surgery [8,9], cesarean sections [10], gynecological oncology, 
and major open surgeries [11]. Until recently, pre- and postoper-
ative care in major gynecological surgery was individualized-by 

-
ditional pre- and postoperative care. Since these were not sys-
tematic and evidenced-based, the result was a wide variation in 
the management of surgical gynecological patients. 

Previous studies have suggested that compliance to new 
surgical protocols should be conducted by a multidisciplinary 
team approach [12]. Cooperation and education are required 
for several disciplines including the surgical team, admitting 
gynecological physicians, anesthesiologists, the intensive care 
team, nurses, patients and patients' relatives. Team compliance 
and successful implementation aims to reduce hospital length 
of stay and both intra- and postoperative complications [13,14]. 
The key for successful implementation of the ERAS proto-
col is the conduct of an escalated process. We, in the surgical 
team, implemented the protocol first by collaborating with the 
anesthesiologists and nurses in our department. After in-depth 
discussions, we presented the protocol to the treating gynecolo-
gists, and to all caregivers of the department, while emphasizing 
the expected advantages for both the patient and the treating 
team. Full adherence to the protocol is important for its success-
ful implementation and has been shown to be directly related 
to the end results [9]. Our findings attest to our success in har-
nessing all the abovementioned team members for successful 
implementation of the protocol. 

The various steps of the ERAS protocol entail different 
challenges in the implementation process. We observed a 



non-significant decrease in the use and durations of use of 
surgical drains. Our surgeons were encouraged to minimize 
their use. However, in this intervention, we left them more au-
tonomy to decide judging from their experience and the spe-
cific conditions. We speculate that the insignificance of the 
decrease is due to intrinsic surgical factors such as increased 
bleeding or more extensive procedures that clinically justified 
its use. Possibly, a larger sample size could have led to a sig-
nificant decrease. We were able to show reduced use and dura-
tion of use of surgical drains, which we attribute to the team’s 
awareness to the protocol and its benefits. Ore and colleagues 
[15] conducted a survey among gynecological oncologists re-
garding elements in the protocol and their willingness to adopt 
changes. They found that changes related to surgical drainage, 
nasogastric tubes, and bowel preparations are less likely to be 
adhered to by surgical teams than pre-surgery carbohydrate 
loading or intra-operative fluid restriction. Others have shown 
a high compliance rate with the ERAS protocol in regard to 
opioid use, as achieved by using a checklist for each protocol 
element [9]. No increase in the rates of epidural analgesia use 
was shown after protocol implantation. There is no agreement 
whether epidural analgesia is superior to alternative analgesic 
techniques following open abdominal surgery within an en-
hanced recovery setting [16], rather than the consensus of its 
use during cesarean sections [17]. Although it was included in 
our primary protocol, this intervention was not conducted by 
the anesthesiologists because they were aware of the contro-
versy on its efficacy.

Implementation of the ERAS protocol, including the post-
operative changes such as early removal of indwelling cathe-
ters and reduced use of nasogastric tubes, resulted in decreased 
postoperative length of stay. However, short-term and long-term 
postoperative complications, including 30-day re-hospitaliza-

tion, were similar following protocol implementation. The most 
common complication in the ERAS group was postoperative 
infection. However, no case of postoperative ileus or respira-
tory complication was observed in the ERAS group. Notably, 
two cases of ileus requiring nasogastric tubes were observed in 
the pre-ERAS group. Our findings are consistent with previous 
publications that suggested a significant independent decrease 
in the rates of ileus following implementation of the ERAS pro-
tocol with no difference in 30-day re-hospitalization rate [18]. 

Other factors known to be associated with decreased risk for 
ileus include reduction in postoperative intravenous fluids and 
the use of postoperative opioids. Together with implementation 
of the ERAS protocol, we demonstrated a significant decrease 
in both these elements. The reduction in postoperative intrave-
nous fluids encourages early drinking and reduced bowel edema 
[19]; therefore, decreasing the risk for ileus. The reduced use of 
opioids and other narcotics is important for significantly reduc-
ing the risk of ileus and subsequently enhancing re-feeding in 
addition to decreasing the risk of opioid addiction. We observed 
a significant decrease in the use of postoperative narcotics 
among the ERAS group. Others also reported similar decreases 
in narcotics use compared to pre-protocol patients, following 
minimally invasive gynecologic oncology surgery [9] and ovar-
ian debulking surgery [20]. The latter led to a long-term reduc-
tion in narcotics use in the 3 months postoperative. 

We observed a mean reduction of almost one full day in 
postoperative length of stay, which was statistically significant. 
Bisch et al. [6] assessed the impact of the ERAS protocol in 152 
gynecology oncology staging and debulking operations com-
pared to 367 pre-protocol procedures. They showed a similar 
significant reduced postoperative stay of one day (3 vs. 4,  < 
0.0001), which resulted in reduced costs. Heathcote and co-au-
thors [21] showed similar results.



First, the retrospective design raises the possibility of selec-
tion bias. Second, some of the outcomes of protocol imple-
mentation are integral to its implementation. For example, the 
decrease in opioid use is an element of the protocol, as well as 
a study objective. Decreased opioid use facilitates achieving 
other protocol goals including early ambulation and feeding. 
These factors, in turn, result in decreased length of postopera-
tive hospitalization. We included only open major gynecolog-
ic surgeries; however, we were not able to perform subgroup 
analysis by type of surgery due to the small number of cases. 
Nevertheless, the pre-ERAS and ERAS groups were balanced 
regarding the types of surgery. A key factor in ERAS imple-
mentation is patient compliance and quality of life. We did not 
directly assess patient satisfaction with protocol elements that 
require compliance. However, patient cooperation regarding 
early ambulation and decreased length of stay, on one hand, 
without an increase in 30-day re-hospitalization on the other 
hand can serve as a surrogate marker for patient wellbeing. 
Unfortunately, we could not find reliable and detailed data 
of complications treated in the community or other hospitals. 
Therefore, another limitation of our study is the fact that post-
operative complications were measured only by reviewing 
hospital charts with the possibility of not accounting the ones 
treated elsewhere.

Successful implementation of the ERAS protocol results in the 
expected reduction in the use of opioids, rapid return to normal 
feeding, and decreased postoperative length of hospitalization 
without increases in complications or re-admissions. We are 
now incorporating a new pre-habilitation program, which has 
been recently shown to be feasible and might improve surgi-
cal outcomes [22]. This protocol includes patient preoperative 
counseling with optimization of medical treatment, recommen-
dations on individualized nutrition, exercise, and psychological 
support as well as the ERAS protocol.
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