
Systematic Review

Post-operative complications including surgical morbidity 
and mortality are a signi�cant public health concern [1-3]. 
It is estimated that 300 million patients undergo surgical 
intervention worldwide yearly [4]. The international 
Surgical outcomes study globally reported that 26.8% of 
patients who under went major surger y exhibited 
postoperative complications [5]. 30-day post-surgical 
mortality is considered the third most common cause of 
death in the United States with 7.7% of deaths worldwide 
[6]. Post-surgical complications after major surgery 
increase the length of hospital stay, cost, infections, and 
mortality [7, 8]. Research shows that numerous endeavors 
have been directed toward reducing postoperative 
mortality and complications, which have been achieved in a 
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few hospitals [2]. The enhanced recovery after surgery 
(ER AS) is a second revolution after laparoscopy 
experienced by the surgical community which marked a 
signi�cant improvement in postoperative care [9]. 
Enhanced recovery after surgery ERAS programs have 
become the norm in surgical settings mostly for major 
surgery [10]. ERAS is a multimodal series of research-
based healthcare approaches in the perioperative period 
that alleviates the physiological and physical reactions to 
traumatic stress, post-surgical complications, incidence 
of infections, readmission rate, hospital stay times, 
mortality, and hospital costs [11]. It was initially applied in 
colorectal surgery around the mid-1990s and extensive 
research data showed that the ERAS protocol may lead to a 
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Figure 2: Elements of the ERAS Program

signi�cant decrease in the Length of Stay (LOS) and overall 
morbidity of up to 50% in colorectal surgery compared with 
standard perioperative approaches. Subsequently, the 
application of the ERAS protocol has been implemented in 
o t h e r  s u r g i c a l  a r e a s  i n c l u d i n g  h e p a t e c t o m y, 
gastrointestinal surgery, and orthopedic surgery [12]. 
ERAS programs aim to enhance patient outcomes and 
reduce postoperative morbidity and mortality by directing 
attention to intra-operative, and postoperative care 
management mainly [13, 14]. These phases encompass 
technical interventions that pertain to all surgical areas as 
well as measures that are speci�c to surgical specialities. 
The possible mechanism of surgical procedure involves 
surgical stress, pathophysiological dysfunction, anxiety, 
pain, hypoxia, long-term fasting, and changes in blood 
volume, which initiates the release of in�ammatory 
mediators and hyperglycemia leads to the development of 
complications [15]. ERAS plays a role in the decrease of 
postoperative complications by reducing surgical 
assertiveness and its adverse effects [10]. 
This systematic review aims to evaluate the impact of ERAS 
on postoperative mortality and morbidity in surgical 
settings. This involves compiling multiple studies providing 
data on the in�uence of ER AS on post-surgical 
complications and mortality in several types of surgeries. 
Investigating the ERAS program's impact on postoperative 
mortality and morbidity would help surgical specialities 
tailor patient recovery. Research in this area could identify 
standard procedures within ERAS protocol leading to 
advancement and improvement in surgical settings.   

M E T H O D S

Preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) guidelines were followed to write 
this systematic review. The nine years of published data 
(2014-2023) were collected using several databases 
(PubMed, Google Scholar, Sci-hub, and Science Direct) 
using Boolean logic “AND” and “OR”, Medical Subject 
Headings (MeSH Terms) and keywords. Different 
terminologies were used to explore the literature 
“Enhanced recovery after surgery,” combined with 
“Postoperative mortality”, and “Postoperative morbidity”. A 
total of 331 articles were retrieved from the included 
databases. Out of them, 170 studies were excluded as non-
relevant after reading the titles and not written in English, 
70 studies were excluded because of only the presence of 
qualitative data, 40 studies were excluded after 
considering them duplicates, and then �nally out of the 
remaining 51 studies, 38 were excluded because they did 
not directly address the impact of ERAS on postsurgical 
outcomes. Eventually, 13 articles were considered eligible 
after applying inclusion/exclusion criteria and deleting the 
duplicates and irrelevant articles (Figure 1).   

R E S U L T S

Enhanced recovery after surgery (ERAS) is a paradigm shift 
in surgical care composed of protocol designs related to 
the management of surgical facilities and guidelines 
applicable to various surgical subspecialties including 
Pancreatectomy, radial cystectomy, and arthroplasty 
bladder surgery [16]. By systematically categorizing the key 
components into pre-operative, intra-operative, and post-
operative phases, the �gure provides a clear and concise 
overview of the strategies employed to optimize patient 
outcomes. The �gure plays a crucial role in enhancing the 
article's clarity, comprehensibility, and persuasive power. 
By providing a visual overview of ERAS protocols, the �gure 
effectively conveys the key strategies that contribute to 
improved patient outcomes (Figure 2).

Figure 1: Depiction of the Study Selection Process
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All of the identi�ed studies assess the impact of ERAS on 
postoperative mortality/morbidity by comparing the ERAS 
group implemented with intervention against a control 
group subjected to the conventional approach [17-28]. Key 
endpoints of the study included feasibility, postoperative 
mortality/morbidity, complications, and LOS [29]. One 
study examined the ERAS impact on pancreatectomy [30]. 
T w o  s t u d i e s  i n c l u d e d  p a t i e n t s  u n d e r g o i n g 
Pancreaticoduodenectomy (PD). Three studies evaluated 
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the ERAS impact on colorectal surgery. Three studies included radial cystectomy whereas the other two included liver 
resection and one study was on ERAS impact on joint arthroplasty. Each study involved a different number of participants but 
a total of 23805 patients were evaluated in this analysis, out of which 10462 were provided with ERAS services and 13343 were 
included as control (Table 1). 

LOS, Length of stay; PD Pancreaticoduodenectomy; SSI, 
Surgical site infections; NR, not reported Intra-operative 
management
To examine the in�uence of ERAS intra-operative protocol, 
brief data from two studies were included. According to the 
study, there was a decrease in intra-operative blood loss, 
red blood cell transfusion, and plasma transfusion in the 
ERAS group compared to the control group. Whereas the 
use of According to prophylaxis carbohydrate loading and 
hemodynamic monitoring increased in the ERAS group [31] 
(Table 2).
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Table 1: Summary of Extracted Data on the Impact of ERAS on Postoperative Mortality and Morbidity

S. No. ERAS Group Control Surgery
Key Outcomes

Study Type References
Safe effective

1 97 75 Pancreatectomy Reduced LOS without Increasing Mortality 
and Morbidity Controlled [17]

2 2008 2139
Pancreaticoduo

denectomy

Decrease Overall Morbidity Incidence of SSI

Reduced LOS without Compromising Mortality
Controlled [18]

Pancreaticoduo
denectomy

Reduced LOS without Compromising 
Mortality3 97 87 Case-Control [19]

4 140 167
Lobectomy in
 lung cancer Decrease LOS and Complication Rate Propensity Score-

Matched
[20]

Reduced LOS and Infectious Complications

Reduced Time to Recovery and Cost
5 100 100

Radial 
Cystectomy Cohort [21]

Shortens LOS without Compromising the 
Readmission Rate

82% had a Bowel Movement on day 2
/Reduced Complications

6 110 NR
Radial 

Cystectomy Prospective [22]

7 79 121 Cystectomy
Reduction in LOS

No increase in Complications and Readmissions

Quasi-
Experimental [23]

8 282 224
Colorectal 

Resections
Reduction in Morbidity and LOS/ Lesser 

Complications
Prospective [24]

9 319 360 Colorectal Reduction in LOS and Morbidity Cohort [25]

10 61 122 Colorectal Reduction in LOS and Morbidity Cohort [26]

11 134 100
Liver 

Resection

Safe / Effective
Case-Control [27]

No Adverse Outcomes

12 91 93
Liver 

Resection

Safe / effective Prospective 
Cohort

[28]
Reduced Postoperative Complications

13 6944 9755
Joint 

Arthroplasty
Signi�cantly Reduce Mortality Rate, LOS, 

and Complications
Meta-Analysis [30]

Ta b l e  2 :  E nh a n ce d  Re cove r y  Af te r  S u rg e r y  Pat hway 

Intraoperative Management Outcomes

S. 
No.

ERAS Pathway
Control 
Group

1

Perioperative Oral 
Carbohydrate Drink

Thrombosis 
Prophylaxis

Hemodynamic 
Monitor Use

ERAS
 Group

Surgery Refer-
ences

Cystectomy [21]

No

Common

Lower

Novel

Increased

Higher

Data on postoperative outcomes were extracted from 
thirteen studies. Heterogeneity was observed in the data. 
Despite a thorough review of the study results showed a 
signi�cant reduction in the length of stay (LOS), 
readmission rate, morbidity, and associated complications 
(details discussed later). In four studies compliance rate of 
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D I S C U S S I O N

outcomes after pancreatectomy (surgical removal of the 

pancreas). The study compared two groups one that 

implemented an ERAS program (n=97) and the other that 

followed traditional care (n=75). According to the �ndings, 

the ERAS program exhibited a high compliance rate of 95% 

and was associated with signi�cantly reduced length of 

days at the hospital (LOS) based on hazard ratio (1.61; 95% 

CI), and postoperative morbidity, Furthermore, overall 

mortality and readmission rates were decreased in the 

ERAS group but the difference was not signi�cant 

(p<0.005). These �ndings are similar to the retrospective 

cohort study carried out by Balzano et al., at a tertiary 

referral university hospital with a duration of 3 years, which 

compared ERAS and control groups after PD for the 

outcomes LOS, readmission rate, and morbidity reported a 

signi�cant decrease in (LOS 13 vs 15 days p<0.001) in the 

ERAS group [33]. A meta-analysis encompassing 22 

studies published between 1990 to 2019 (multiple 

countries) was carried out by Wang et al., in China [18]. 

Among them, 3 studies were randomized controlled trials 

and 19 were non-randomized, including a combined total 

number of 4147 patients to examine the impact of ERAS on 

postoperative outcomes after pancreaticoduodenectomy 

(PD) for the surgical outcomes, LOS morbidity, infection, 

readmission rate. The results of the study demonstrated 

that ERAS had signi�cantly decreased overall morbidity 

(Relative risk; RR: 0.80, 95% CI, p<0.001) and incisional 

infections (RR: 0.75, 95% CI). A reduction in the duration at 

the ERAS protocol was observed to be high. However, no signi�cant difference was found in the mortality rate between the 
two groups. Out of 13 studies, only one conducted by Deng et al,. reported a signi�cant reduction in mortality between the 
control and ERAS groups [30]. The reason for this can be explained by the fact that the reported incidence of mortalities in 
the studies was too low to identify any signi�cance or it might be due to the small sample size which leads to the wrong 
conclusion that there is no difference [32] (Table 3).
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Table 3: Postoperative Outcomes

LOS days References

ERAS Control ERAS Control ERAS Control ERAS Control

Morbidity % Mortality% Mortality Signi�cance Level Readmission Rate % Compliance Rate%

ERAS / Controls ERAS Control

10 13 Decr No diff Decr No diff Not Signi�cant Incr Incr 74 34
[17]

Shorter Longer 48.1 62.3 1.5 3.50 Not Signi�cant 11 12.9 NR [18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

14

5

7

4

5

5

11

6

4

6

Shorter

20

7

10

NR

8

6

13

9

6

6

Longer

NR NR

29.3 36.5

NR NR

NR NR

NR NR

Lesser

NR NR

NR

14.8 33.6

NR NR

NR NR

Lesser NR

4.7

NR

2

NR

NR

Lesser

4.7

0

0

1

Decr

6.20

NR

2

NR

NR

NR

2.5

1.6

0

1

NR

Not Signi�cant

NR

Unchanged

Unchanged

NR

Not Signi�cant

Not Signi�cant

Not Signi�cant

No difference

No difference

Signi�cant

12.8

3.6

20

21

NR

NR

4.3

1.6

3

12

NR

14.4

5.4

38

NR

NR

NR

6.3

3.3

2

9

NR

NR

81

95

NR

NR

NR

88

NR

NR

NR

NR

LOS, Length of Stay; decr, decrease; incr, increase; NR, Not Reported

The present systematic review provides strong evidence 

for the e�cacy of ERAS protocols in signi�cantly reducing 

postoperative morbidity and length of stay. The consistent 

�ndings across diverse surgical specialities underscore 

the versatility and strength of the ERAS approach. The 

obser ved reductions in surgical  site infections, 

complications, and readmission rates highlight the 

substantial bene�ts for patient outcomes. While the 

majority of studies demonstrated the effectiveness of 

ER AS in improving postoperative outcomes, the 

inconsistent �ndings regarding mortality are noteworthy. 

This inconsistency may be attributed to several factors, 

including variations in study populations, sample sizes, and 

the speci�c ERAS protocols implemented. Further 

research with larger sample sizes and standardized 

methodologies is warranted to elucidate the impact of 

ERAS on mortality rates. The integration of intraoperative 

management strategies within ERAS protocols appears to 

be a critical component in optimizing patient outcomes. 

The observed reductions in intraoperative blood loss and 

transfusion requirements suggest potential cost-

effectiveness and improved patient safety. To determine 

the impact of the ERAS program on postoperative 

morbidity and mortality in an initial effort, a prospective 

controlled study was undertaken by Perinel et al., [17] in 

Lyon France compared two teaching hospitals, 

intervention and control with the duration of 3 years, to 

evaluate the ERAS program intervention on postoperative 
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cohort of 100 patients undergoing radial cystectomy with 

ERAS was compared with a cohort of radial cystectomy 

with traditional care. Results of the study indicated a 

signi�cant reduction in postoperative complications, days 

to pass �rst stool (Control/ERAS: 5.83/3.88; p<0.001), days 

to �rst solid food (9.68 vs 3.2; p<0.001), and a reduction in 

infectious complications. Decreased hospital stay 

(ERAS/Control: median LOS 7 days IQR=6-11 vs 10 days 

IQR=8-18) and 26.6% reduction in costs were observed in 

the ER AS group, whereas the mortality rate was 

unchanged. The �ndings of implementing the ERAS 

program with radial cystectomy were in contrast with a 

prospective randomized controlled study carried out by 

Jensen et al., in a hospital in Denmark among patients who 

underwent radial cystectomy with a duration of three years 

[36]. The study included an intervention group (n=50) and a 

standard group (n=57) that reported similar LOS and 

severity of complications in both groups. However, 

postsurgical mobilization was improved in the intervention 

group. A research study composed of data from 11 articles 

(multiple countries), conducted by Cerantola et al., to 

systematically assess the impact of ERAS applied to 

cystectomy patients, demonstrated a reduction in 

morbidity, quick bowel recovery, and shortened LOS [37]. 

The results are similar to the prospective study carried out 

by Daneshmand et al., in the department of urology in 

California encompassing a total of 110 patients who 

underwent radial cystectomy with ERAS implementation 

between May 2012 to July 2023, reported 82% bowel 

movement on day 2 after surgery, LOS 4 days, 64% 

complication rate, without an increase in readmission rate 

[22]. Dhruva et al., undertook a prospective study to 

examine the impact of ERAS on laparoscopic colorectal 

surgery among pre-ERP/post-ERP groups (total: 580) 

between 2008 and 2012 in Charles Hospital in the United 

Kingdom [24]. The �ndings indicated a reduction in 

hospital stays (pre-ERP; 6 days: post-ERP; 5 days) and 

other complications. A decrease in morbidity and mortality 

rate was observed in the ERP group but did not reach a 

statistical signi�cance level. Additionally, another study 

carried out by Ripollés et al., in a teaching hospital in Spain 

between 2010 through 2015, examines the impact of the 

ERAS program encompassing perioperative measures on 

postoperative complications associated with colorectal 

surgery [25]. In this study pre-ERAS (360) and post-ERAS 

(319) groups were compared. Results of the study showed a 

decrease in the length of stay at the hospital in the post-

ERAS (11 days) group as compared to the pre-ERAS (13 

days), whereas the pre-ERAS group (15.5%; p<0.001) 

experienced more severe complications as compared to 

post-ERAS (5.3%; p<0.001). No signi�cant difference was 

found between mortality rates (pre-ERAS/post-ERAS; 
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the hospital was noted in the ERAS group (WMD: -5.07, 95% 

CI) without compromising the mortality (RR: 0.70, 95% CI) 

and readmission rate (RR: 1.03, 95% CI). However, no 

substantial variance in mortality rate (p<0.005) was found 

between ERAS and the control group. These results were 

similar to the meta-analysis undertaken by Coolsen et al., in 

the university hospital Maastricht in the Netherlands, 

which included 8 studies of multiple countries (data 

published between 1996 to 2012) in which two were 

retrospective, three were case-control, and one was 

prospective [34]. The study included a total no 1558 

patients to evaluate the in�uence of ERAS on post-surgical 

outcomes (LOS, morbidity, complications, and readmission 

rate) after PD. Results indicated that implementation of 

ERAS signi�cantly reduced the length of hospital stay by 2-

6 days, complications and cost and increase in mortality 

and readmission rate were not found. An additional 

systematic review composed of six randomized control 

studies (RCTs) and 8 clinical controlled trials (CCTs) was 

conducted by Lei et al., China [35]. The study aimed to 

assess the e�cacy of ERAS including (control group n=1199 

and ERAS group n=1366) composed of a total no of 2565 

patients who underwent PD. Findings reported a decrease 

in postoperative complications (morbidity) (OR=0.73, 95% 

CI) and mortality rate (OR=0.63 95% CI: p<0.005) in the 

ERAS group compared with the control group. Another 

study executed by Coolsen et al., took place in Maastricht 

University Medical Center between January 1995 and 

January 2012 in the Netherlands and included the ERAS 

group (n=97) and no ERAS group (n=87) underwent PD [19].  

Findings suggested that implementation of the ERAS 

program aided in decreasing the duration of stay at the 

hospital from 20 days in the control group to 14 days in the 

ERAS group p<0.0001 and postoperative complications 

from 16 to 9 days without in�uencing other outcomes, 

whereas mortality and readmission rates were unchanged. 

A propensity score-matched study was conducted by 

Forster et al., which evaluated the impact of ERAS protocol 

on postoperative outcomes in patients undergoing 

thoracoscopic lobectomy including 167 pre-ERAS/ 140 

ERAS between January 2014 and October 2019 [20]. The 

outcomes of the measures were LOS, postoperative 

complications, and readmission rate. Findings reported a 

high compliance rate of 81% with a signi�cant reduction in 

the length of days at the hospital (7 to 5 days, p=0004). 

Based on the propensity score, there was a 13% reduction 

in surgical complications. Readmission rates (5.4% vs 3.6% 

p=0.75) were the same between the two groups. As radial 

cystectomy is associated with postoperative morbidity, 

Dunkman et al., carried out a cohort study to assess the 

impact of the ERAS program in an academic medical center 

in North Carolina with a duration of 3 years [21]. In this study 

Sami A et al.,
DOI: https://doi.org/10.54393/pjhs.v5i09.1881

Enhanced Recovery After Surgery Programs on Post-Operative Morbidity 



PJHS VOL. 5 Issue. 9 Sep 2024 Copyright © 2024. PJHS, Published by Crosslinks International Publishers

4.7%/2.5%: p=0.154). Deng et al., conducted out meta-

analysis through 2 May 2018 encompassing 25 studies that 

included 16699 patients in the Tahie Hospital orthopedics 

department in China, to compare the impact of ERAS after 

Joint arthroplasty [30]. Results of the study showed a 

signi�cant reduction in mortality rate (RR: 0.48, 95% CI), 

incidence of complications (RR: 0.74, 95% CI), and a 26% 

reduction in overall morbidity whereas no impact was 

shown on the readmission rate. It is noteworthy that in this 

systematic review majority of studies did not �nd a 

signi�cant difference in mortality rate between the ERAS 

and control group except for the one study conducted with 

a large sample size.  The lack of this signi�cant difference 

might be due to several factors small sample size, 

variations in protocol, and limitations in the studies 

included. There is a need for multidisciplinary auditing of 

ERAS Programs to further evaluate its impact [38]. The 

implementation of Enhanced Recovery After Surgery 

(ERAS) protocols in Pakistan is still in its emerging stages, 

although demonstrating promising outcomes. A study 

conducted at Shifa International Hospital, Islamabad, 

revealed a signi�cant reduction in the length of hospital 

stay and surgical site infections (SSIs) among patients 

undergoing colorectal surgeries when managed under 

ERAS compared to conventional care [39]. These �ndings 

align with the global evidence supporting the e�cacy of 

ERAS in optimizing postoperative care. However, the 

successful and widespread adoption of ERAS in Pakistan 

faces several challenges, as highlighted by a qualitative 

study conducted in Lahore [40]. These challenges include 

inadequate resource allocation, limited patient education, 

and a lack of standardized protocols. Additionally, the study 

emphasized the impor tance of interdiscipl inar y 

collaboration and strong leadership for successful ERAS 

implementation. While these challenges are not unique to 

Pakistan, their impact on the adoption of ERAS in a 

resource-constrained setting is particularly pronounced. 

To fully realize the bene�ts of ERAS in Pakistan, concerted 

efforts are required to address these challenges through 

policy changes, educational initiatives, and capacity 

building. Moreover, further research is needed to evaluate 

the cost-effectiveness of ERAS in the local context and to 

identify strategies for sustainable implementation.

C O N C L U S I O N S

It was concluded that the present systematic review of the 

literature shows that implementation of ERAS programs 

signi�cantly reduces the overall morbidity, incidence of 

infections, and complications, and shortens the LOS 

without intensifying the risks of re-hospitalization and 

mortality. However, more large-scale research is required 

to provide valuable insight into the impact of ERAS on 

postoperative mortality and morbidity.    
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