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Abstract

Purpose Enhanced recovery after surgery (ERAS) protocols have shown beneficial outcomes in the last 20 years. Neverthe-
less, simultaneously implemented technical improvements such as minimally invasive access or modified anesthesia care may
play a crucial role in optimizing patient outcome. The aim of the study was to investigate the effect of ERAS implementation
in a highly specialized colorectal center.

Methods This is a propensity score matched single-center study comparing the short-term outcomes of patients undergoing
elective colorectal surgery in a society-indepedent ERAS program from January 2021 to August 2022 to standard periopera-
tive care from January 2019 to December 2020.

Results Four hundred fifty-six patients were included in the propensity score matched analysis with 228 patients per group
(ERAS vs. standard care). Minimally invasive access was used in 80.2% vs. 77.6% (p = 0.88), and there were 16.6% vs. 18.8%
(p = 0.92) rectal procedures in the ERAS and standard care group, respectively. Major complications occurred in 10.1%
vs. 11.4% (p = 0.65) and anastomotic leakage demanding operative revision in 2.2% vs. 2.6% (p = 0.68) in the ERAS and
standard care group, respectively. ERAS lead to a lower number of non-surgical complications compared to standard care
(57 vs. 79; p = 0.02). Mean length of stay (LOS) and mean costs per case were lower in ERAS compared to standard care
(9.2 + 5.6 days vs. 12.7 + 7.4 days, p < 0.01; costs 33,727 + 15,883 USD vs. 40,309 + 29,738 USD, p < 0.01).
Conclusion The implementation of an ERAS protocol may lead to a reduction of LOS, costs, and a lower number of non-
surgical complications even in a highly specialized colorectal unit using modern surgical and anesthetic care. (ClinialTri
als.gov number NCT05773248)
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Introduction

Long-standing paradigms of perioperative care were widely
questioned in the 1990s with an emphasis on faster patient
recovery following major elective surgical interventions [1, 2].
In the face of a growing number and heterogeneity of periop-
erative programs, the enhanced recovery after surgery (ERAS)
group published a first standardized program for colorectal
surgery in 2005 [3].

The ERAS protocol has repeatedly proven to reduce post-
operative morbidity for non-surgical complications and length
of stay (LOS) along with faster patient recovery [4-6]. Fur-
thermore, superior patient satisfaction [7] and cost reduction
were observed, despite additional expenses needed for pro-
tocol implementation [8, 9]. Although ERAS programs have
become broadly accepted and are expanding into a growing
number of surgical fields [10, 11], it is not fully understood,
which parts of the bundle of measures contribute most to the
improved outcome [12].

Irrespective of dedicated ERAS programs, a significant
number of the recommended measures have become part of
standard perioperative care, such as minimally invasive access,
opioid sparing anesthesia, and perioperative physical therapy
[13]. The aim of this single-center cohort study is to explore
the effect of late adoption of an ERAS protocol, independ-
ent of an official ERAS society, in a high-volume colorectal
surgical unit.

Material and methods
Study design

This is a propensity-score matched single-center study evalu-
ating the effect of the implementation of an ERAS protocol
in colorectal surgery. Analysis of this prospectively collected
data was approved by the national review board, and the trial
was registered at www.clinicaltrials.gov (NCT05773248). All
consecutive patients that signed written general informed con-
sent and were treated at the colorectal unit between January
2019 and August 2022 were included in the analysis. During
2019 and 2020, the patients were treated according to a stand-
ard protocol and as of January 2021, according to an ERAS
protocol. All patients undergoing an emergency procedure or
a combined procedure with the colorectal procedure not being
the main indication for surgical treatment (i.e., gynecological
debulking and liver resection) were excluded from the analysis.

ERAS protocol
The ERAS protocol was developed and introduced inde-

pendently of an ERAS society by a dedicated team of sur-
geons, anesthesiologists, nutritionists, nurses, and physical
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therapists. The bundle of ERAS measures for each patient
is strictly controlled before, during, and after hospitalization
by the ERAS nurse, and the ERAS program is audited twice
yearly. The interventions in the ERAS protocol compared to
standard care consisted of the measures displayed in Table 1.
Good ERAS adherence was defined as compliance with at
least 16/18 ERAS items in Table 1.

Operative technique

Minimally invasive access was chosen whenever possible.
In right-sided resections, the anastomosis was routinely per-
formed extra-corporally using a side-to-side hand-sutured
technique. In left-sided resections, the anastomosis was rou-
tinely fashioned in a side-to-end technique using a transrec-
tal circular stapler. Low anterior rectal resections received
an abdominal drain in both groups. For further analysis,
the procedures were differentiated into colon and rectal
to define the major site of surgery. Colon procedures were
further divided into two groups: ileocecal resections, right
hemicolectomy, and transverse colon resections as one and
left hemicolectomy, sigmoid resection, and proximal rectal
resection (> 12 cm from the dentate line) as the second.
Lastly, the procedures were separated according to indica-
tion into benign, inflammatory bowel disease (IBD), and
cancer.

Outcome parameters

Demographic data such as age, sex, body mass index (BMI),
American Society of Anesthesiologists (ASA) Score [14],
Nutrition Risk Score (NRS) [15], Charlson’s Comorbidity
Index (CACI) [16], and substance abuse were prospectively
recorded. Intraoperative outcomes included operation time
and intraoperative complications according to the ClassIntra
Classification [17]. The primary outcome of the analysis
was LOS (the number of postoperative hospitalization days).
This parameter was chosen, because it correlates directly
with costs and is also a surrogate marker for postoperative
complications. Secondary outcomes included overall post-
operative complications according to the Clavien-Dindo
classification as well as all major complications defined as
grade 3a or higher [18], the comprehensive complication
index (CCI) [19], and readmission rate. Each complica-
tion was defined as surgical or non-surgical, either explic-
itly specifying the complication (i.e., anastomotic leakage
or pneumonia) or listing it under various. Various surgical
complications included any complication directly related to
the surgical procedure, i.e., mechanical bowl obstruction
and lymphatic fistulas. Non-surgical complications included
paralytic ileus, colitis, and arrhythmias, among others. Cost
analysis was performed according to data from the in-hos-
pital financial department, and the average length of stay
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I}??te:ioﬁgggxiifg:a;flres Measure ERAS Standard
according to the standard and protocol protocol
the ERAS protocol Preoperative counselling with specialized ERAS nurse v X
Correction of malnutrition in case of elevated nutrition risk score > 4. v X
Avoidance of preoperative sedation v X
Avoidance of oral bowel preparation X X
Carbohydrate preload v X
Use of minimally invasive surgical access v v
Restrictive intraoperative fluid administration v X
Restrictive intraoperative opioid administration v X
Antiemetic prophylaxis v X
Use of postoperative colorectal care map v X
Daily visit with specialized ERAS nurse v X
Early postoperative mobilization v v
Early postoperative stimulation (chewing gum, magnesium, Metoclopramide) v X
Early removal of urinary catheter (before day 2) v X
No abdominal drain/removal at latest at day 1-2 v X
Early food intake (liquid day 1, solid day 2) v X
Daily physical therapy with breathing instruction v v
30-day follow-up visit with specialized ERAS nurse v X

ERAS enhanced recovery after surgery

(ALOS) was obtained from in-hospital controlling, using the
national catalogue of diagnosis-related groups (Swiss DRG).
Swiss DRG calculates the ALOS for each procedure with
regard to the patient’s comorbidities. In case of readmission,
the resulting costs were included in the same case for cost
analysis. In the ERAS group, the adherence to the individual
ERAS measures was explicitly recorded.

Statistical considerations

A weighted propensity score analysis was performed for
both the ERAS and the standard care cohort to adjust for
potential confounding variables at baseline using the R
packages “Matchlt” and “optmatch” [20]. Matching crite-
ria included sex, age at time of surgery, BMI, CACI, ASA
score, indication for surgery (benign, IBD, and cancer),
and type of surgery (“Operative technique” section). The
outcome characteristics in the two cohorts were compared
using Student’s 7 test for continuous variables and 4 tests for
categorical variables. Optimal LOS was defined as the dif-
ference between the patients’ LOS and the ALOS according
to Swiss DRG of 1 day or less. An interrupted time series
analysis with Newey-West standard errors was performed
to determine changes over time in the rate of patients with
an optimal LOS. In the subgroup of patients under ERAS
protocol, multivariable logistic regression models were used
to evaluate the associations between optimal LOS and demo-
graphic and clinical variables. A two-sided alpha of 0.05
was used in all analyses to define statistical significance.

Statistical analyses were performed using Stata/BC version
16.1 (StataCorp LLC, College Station, TX) and R statistical
package (RStudio Version 2022.02.3, www.r-project.org).

Results
Standard protocol vs. ERAS

Between January 2019 and December 2020, 475 elective
colorectal procedures were performed. From January 2021
until August 2022, 263 patients underwent a colorectal pro-
cedure according to the ERAS protocol. Table a (supplemen-
tary material) summarizes the demographic criteria of the
two cohorts before matching. After propensity score match-
ing, 228 patients were included in each group, not showing
statistically significant differences in baseline characteristics
as demonstrated in Table 2.

The predominant access in both groups was minimally
invasive with 80.2% in the ERAS group vs. 77.6% in the
standard protocol, respectively (p = 0.9). There was no dif-
ference in creation of any type of stoma and no difference
in operative time between groups. There were 5 intraopera-
tive complications in both groups: 4 minor (ClassIntra grade
0-II) and one grade III complication according to ClassIntra
in each group, demanding conversion to an open procedure
due to bleeding [17].

Seventy-one complications occurred within 30 days
in the ERAS group, compared to 84 in standard protocol
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Table 2 Patient demographics
of propensity score-matched
colorectal patients before and
after implementation of an
ERAS protocol

Factor ERAS protocol Standard protocol p value

N 228 228

Sex 1.00
Female 112 (49.1%) 112 (49.1%)

Male 116 (50.9%) 116 (50.9%)

Age at operation, mean (SD) 62.8 (11.4) 62.9 (13.2) 0.89

BMI, mean (SD) 25.2 (4.8) 254 (4.7) 0.56

CACI, mean (SD) 37@2.5) 3.6 (2.6) 0.65

Nutrition Risk Score (SD) 1.9 (1.2) 1.8 (1.0) 0.35

Insurance status 0.86
Basic 136 (59.6%) 135 (59.2%)
Private/semi-private 92 (40.4%) 93 (40.8%)

ASA classification 0.61
1 52.2%) 7 (3.1%)

2 134 (58.8%) 127 (55.7%)
3 87 (38.2%) 89 (39.0%)
4 2 (0.9%) 522%)

Entity 0.95
Benign 129 (56.6%) 129 (56.6%)
IBD/inflammatory 52.2%) 6 (2.6%)

Malignant 94 (41.2%) 93 (40.8%)

Type of surgery 1.00

Ileocolic/right hemicolectomy/transverse colon resection 41 (17.9%) 38 (16.6%)
Left hemicolectomy/sigmoid resection/anterior resection 143 (62.7%) 141 (61.8%)
(Sub-)total colectomy/proctocolectomy 3(1.3%) 3(1.3%)
Hartmann reversal 3(1.3%) 3(1.3%)
Low anterior resection 29 (12.7%) 32 (14.0%)

Abdominoperineal resection 9 (3.9%) 11 (4.8%)

ERAS enhanced recovery after surgery, SD standard deviation, BMI body mass index, CACI Charlson’s
Comorbidity Index, ASA American Society of Anesthesiologists, /BD inflammatory bowel disease

patients (p = 0.18). Major complications occurred in
10.1% vs. 11.4% (p = 0.65) in the ERAS and standard
care group, respectively. There was a significantly lower
number of non-surgical complications in the ERAS group
compared to the standard protocol group (n = 79 vs. n =
57; p = 0.02; details displayed in Table 3). The readmis-
sion rate in the ERAS group was 5.7% compared to 2.2%
in the standard care group (p = 0.054).

There was a marked reduction in length of stay (9.2
+ 5.6 days vs. 12.7 + 7.4 days; p < 0.01) and costs per
case (33,727 + 15,883 USD vs. 40,309 + 29,738 USD; p
< 0.01) in favor of the ERAS group. In the ERAS group,
74.1% of patients had an optimal length of stay according
to Swiss DRG compared to 43% in the standard protocol
group (p < 0.01). Fig. 1 shows the percentage of patients
within the optimal length of stay before and after the
implementation of the ERAS program using interrupted
time series analysis. All perioperative data are demon-
strated in Table 3.

@ Springer

ERAS adherence

Good ERAS adherence was documented in 144/228
patients (63.1%). Patients with good ERAS adherence
tended to have a lower CACI compared to patients with a
lower ERAS adherence (3.4 + 2.3 vs. 4.0 = 3; p = 0.07),
and a laparoscopic approach was applied more often than
in patients without good ERAS adherence (79.9% vs
67.9%; p = 0.03). Postoperative LOS (8.1 + 4.6 vs. 11.3
+ 6.6 days; p < 0.01) and comprehensive complication
index (5.5 = 11.1 vs. 11.7 + 15.3; p < 0.01) was notably
lower in patients with good ERAS adherence compared
to without good ERAS adherence. Detailed data on the
comparison within the ERAS group with and without good
adherence is displayed in table b (supplementary material).
There were notable differences among the ERAS cohort
when comparing the age groups over and under 65 years as
well as colon versus rectal procedures. The patients older
than 65 years showed significantly higher LOS, costs, and
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Tab.Ie 3 Cgmparison of Factor ERAS protocol Standard protocol p value
perioperative outcomes between
colore(?tal patients treated Total patients 228 228
Laparoscopic 172 (75.4%) 167 (73.2%)
Converted 13 (5.7%) 16 (7.0%)
Open 32 (14.0%) 35 (15.4%)
Robotic 11 (4.8%) 10 (4.4%)
Ileostomy/colostomy 0.39
Protective ileostomy (double loop) 15 (6.6%) 11 (4.8%)
Terminal ileostomy 2 (0.9%) 1(0.4%)
Protective colostomy 20 (8.8%) 11 (4.8%)
Terminal colostomy 9 (3.9%) 11 (4.8%)
Operative time, mean (SD) 250 (89.0) 241 (72.0) 0.25
Length of stay, mean (SD) 9.2 (5.6) 12.7 (7.4) < 0.001
Postoperative complications (Clavien-Dindo) 0.21
0 157 (68.9%) 144 (63.2%)
1 12 (5.3%) 17 (7.5%)
2 36 (15.8%) 41 (18.0%)
3a 8 (3.5%) 10 (4.4%)
3b 14 (6.1%) 9 (3.9%)
4a 0 (0.0%) 52.2%)
4b 1(0.4%) 2 (0.9%)
Major complications (CD > 3a) 23 (10.1%) 26 (11.4%) 0.65
Comprehensive Complication Index, mean (SD) 7.8 (13.1) 10.4 (16.0) 0.06
Surgical complications 33 39 0.44
Anastomotic leakage 9 (3.9%) 8 (3.5%) 0.61
Treated conservatively 4 (1.8%) 2 (0.9%)
Re-operation 52.2%) 6 (2.6%)
SSI 6 (2.6%) 16 (7.0%)
Bleeding 6 (2.6%) 8 (3.5%)
Various surgical 12 (5.3%) 7 (3.1%)
Non-surgical complications 57 (25%) 79 (34.6%) 0.02
Pneumonia 6 (2.6%) 8 (3.5%)
Cardiac decompensation 0 (0.0%) 3(1.3%)
Urinary tract infection 12 (5.3%) 20 (8.8%)
Urinary retention 10 (4.4%) 5(2.2%)
Delirium 1(0.4%) 52.2%)
Thrombosis/pulmonary embolism 7(3.1%) 2 (0.8%)
Various non-surgical 21 (9.2%) 36 (15.8%)
Readmission 13 (5.7%) 52.2%) 0.054
Costs (USD), mean (SD) 33,727 (15,883) 40,309 (29,738) 0.004
Revenue (USD), mean (SD) 31,927 (14,637) 36,514 (25,232) 0.019
Result (USD), mean (SD) - 1799 (12,617) — 3794 (16,867) 0.16
Optimal length of stay 169 (74.1%) 98 (43.0%) < 0.001

complication rates. This difference was even more distinct

ERAS enhanced recovery after surgery, SD standard deviation, CD Clavien-Dindo

when comparing procedures; colon procedures were asso-

ciated with markedly lower LOS, costs, and complication
rates than rectal procedures. Details are displayed in table
c and d (supplementary material).

Discussion

The three main findings of our study are a lower LOS, a cost
reduction, and a lower number of non-surgical complica-
tions in the ERAS group compared to the standard protocol

@ Springer
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Optimal length of stay over time
Start of ERAS program in January 2021
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Fig.1 The graph shows an interrupted time series analysis. Each
black dot demonstrates the percentage of patients within the optimal
length of stay in each time period, 2019-2020 before the ERAS pro-
tocol was implemented and as of 2021 after the ERAS protocol was
implemented. ERAS, enhanced recovery after surgery

group. Although many ERAS items such as minimally inva-
sive access, intraoperative normothermia, and early mobi-
lization have become part of clinical routine irrespective of
ERAS protocols, the introduction of a structured ERAS pro-
gram leads to a significant improvement in care. This might
be attributed to bundling of the various measures, the high
attention to ERAS adherence, and the permanent auditing
of ERAS compliance.

The most important items of the ERAS protocol include
preoperative counselling and a daily visit through the spe-
cialized ERAS nurse. By guiding the patient through the
intervention before, during, and after hospitalization, the
perspectives are distinct and the motivation for a fast recov-
ery is increased. Especially the achievement of daily goals
during hospitalization makes patients feel that they contrib-
ute substantially to their fast recovery. Furthermore, adher-
ence is strictly controlled on a daily basis, which cannot be
ensured through regular staff which cares for a large variety
of patients.

Another important factor is the sparse use of drains and
catheters as well as early mobilization, bowel stimulation,
and food intake—all measures that aim to regain physi-
ological function as fast as possible. These measures as a
bundle are mainly responsible for decreasing the amount
of non-surgical complications, predominantly consisting of
pulmonary and urinary tract infections and delirium in our
cohort, as well as in literature [21, 22]. Altogether, education
and integration of patients regarding their treatment lead to
favorable outcomes by reducing complications, LOS, and
thus costs.

Our results show as a primary outcome a LOS reduc-
tion of 3.5 days in the ERAS group, similar to what Forsmo
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et al. described in 2016 in a comparable cohort of patients
[23]. An explanation for the high overall LOS in our study
might be the heterogeneity of cases (i.e., rectal procedures,
total colectomies) and a general tendency towards a longer
hospital stay in Switzerland compared to other international
cohorts, i.e., the national average length of stay (ALOS) after
hemicolectomy in 2019 was 7.7 days [24]. Additionally, in a
health care system based on per-case gratification and pre-
determined ALOS (as in Switzerland), a short hospital stay
results in a considerably smaller reimbursement. Further fac-
tors favoring a longer LOS include patient and surgeon hab-
its as well as problems with postoperative outpatient care.
The shorter LOS might play a role regarding the increased,
though not statistically significant, rate of readmissions in
the ERAS group. The main reasons for readmissions were
inadequate pain control and suboptimal education prior to
discharge which should be amenable with more experience
in ERAS management.

Our reported cost reduction of 16.3% per case in ERAS
patients was substantially higher than comparable literature,
with 6.1% in a Swiss study [25] and 9.9% in a Chinese study
[26]. Due to variable reimbursement systems, lack of stand-
ards concerning cost reporting in medical literature and dif-
fering exchange values of medical services, however, com-
paring cost data between countries and studies must be done
with caution [27].

The main drivers of the cost reduction are evidently the
lower LOS and the reduction of non-surgical complications.
On the other hand, part of the expenditures in ERAS cases
such as preoperative counselling are not displayed because
they are performed in an outpatient setting, although those
costs are low compared to the overall costs.

As to the underlying reasons for the beneficial effects of
ERAS, we could not identify single factors that significantly
correlated with outcome parameters, which is in line with
the current literature [28]. We did, however, observe a corre-
lation between ERAS adherence and probability of optimal
LOS. This might be due to the ERAS measures but also due
to the increased awareness concerning costs and duration of
hospitalization by the involved team. Furthermore, we noted
a trend that patients with high ERAS adherence were more
likely to have undergone a laparoscopic intervention, were
younger, and exhibited a lower CCI, all three parameters
independent of ERAS protocol as such. In this regard, we
assume that in older and/or sicker patients, surgeons who
chose an open approach tended to be more reluctant regard-
ing ERAS measures and ERAS measures were generally less
likely to be applied in elderly patients. This correlates with
the difference in perioperative outcomes between the age
groups over and under 65 years in the ERAS cohort.

Our analysis shows high adherence rates to ERAS meas-
ures which stayed constant over the whole review period.
This study portrays the adopted measures in our institution
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from day 1 of introduction, and the observed rates of adher-
ence are above comparable literature [29].

There are multiple limitations regarding this study. It is
a single-center trial, and there was no randomization but an
institutional change in standard of care. We minimized the
risk of confounders through propensity score matching but
nevertheless cannot rule out possible selection bias. Time
bias could theoretically also pose an issue since the patient
collectives were treated in two distinct time periods; how-
ever, there was no significant change in any other perio-
perative setting within this period. Lastly, as specified in
the “Material and methods” section, the cost data was not
itemized into subgroups.

Conclusion

The implementation of an ERAS protocol may lead to a
reduction of LOS, costs, and a lower number of non-surgical
complications, even in a highly specialized colorectal unit
using modern surgical and anaesthestic care.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-023-03195-7.

Acknowledgements We explicitly thank the very dedicated ERAS
team of the St. Clara Hospital for their outstanding work in the imple-
mentation and daily adherence to the ERAS protocol.

Author contribution Study conception and design: JS, RM, MVS,
BPM, AW, and DCS. Acquisition of data: JS, RM, and AW. Analysis
and interpretation of data: JS, RM, AW, and DCS. Drafting of manu-
script: JS, RM, DCS, and MVS. Critical revision of manuscript: JS,
RM, MVS, BPM, AW, and DCS.

Declarations

The abstract was presented at the Annual Meeting of the Swiss So-
ciety of Gastroenterology, the Swiss Society of Visceral Surgery, the
Swiss Association for the Study of the Liver and the Swiss Society of
Endoscopy Nurses and Associates in Interlaken, Switzerland, 2023
and at the Annual Meeting of the Swiss College of Surgeons in Basel,
Switzerland, 2023.

Dr. Julian Siisstrunk, Remo Mijnssen, PD Dr. Marco von Strauss,
Prof. Beat Peter Miiller, Dr. Alexander Wilhelm and PD Dr. Daniel
C. Steinemann have no conflicts of interest to declare. All procedures
performed were in accordance with the ethical standards of the local
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Research data supporting
this publication is available upon reasonable request.

References

1. Kehlet H, Dahl JB (2003) Anaesthesia, surgery, and challenges in
postoperative recovery. Lancet 362(9399):1921-1928

2. Kehlet H, Wilmore DW (2002) Multimodal strategies to improve
surgical outcome. Am J Surg. 183(6):630-641

3. Fearon KCH, Ljungqvist O, Von Meyenfeldt M, Revhaug A,
Dejong CHC, Lassen K et al (2005) Enhanced recovery after

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

surgery: a consensus review of clinical care for patients under-
going colonic resection. Clin Nutr 24(3):466-477

Ni X, Jia D, Chen Y, Wang L, Suo J (2019) Is the Enhanced
Recovery After Surgery (ERAS) Program Effective and Safe
in Laparoscopic Colorectal Cancer Surgery? A Meta-Anal-
ysis of Randomized Controlled Trials. J Gastrointest Surg
23(7):1502-1512

Spanjersberg WR, Reurings J, Keus F, van Laarhoven CJ (2011)
Fast track surgery versus conventional recovery strategies for
colorectal surgery. Cochrane Database Syst Rev (2):CD007635
Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga
M (2014) Enhanced recovery program in colorectal surgery:
a meta-analysis of randomized controlled trials. World J Surg
38(6):1531-1541

Jones D, Musselman R, Pearsall E, McKenzie M, Huang H,
McLeod RS (2017) Ready to go home? Patients’ experiences
of the discharge process in an enhanced recovery after surgery
(ERAS) program for colorectal surgery. J Gastrointest Surg
21(11):1865-1878

Thanh NX, Chuck AW, Wasylak T, Lawrence J, Faris P,
Ljungqvist O et al (2016) An economic evaluation of the
enhanced recovery after surgery (ERAS) multisite implemen-
tation program for colorectal surgery in Alberta. Can J Surg
59(6):415-421

Stone AB, Grant MC, Wu CL, Wick EC (2019) Enhanced recov-
ery after surgery for colorectal surgery: a review of the economic
implications. In: Clinics in Colon and Rectal Surgery, vol 32.
Thieme Medical Publishers, Inc., pp 129-133

Sjetne IS, Krogstad U, @degérd S, Engh ME (2009) Improving
quality by introducing enhanced recovery after surgery in a gynae-
cological department: consequences for ward nursing practice.
Qual Saf Health Care 18(3):236-240

Pedziwiatr M, Mavrikis J, Witowski J, Adamos A, Major P, Nowa-
kowski M, Budzyriski A (2018) Current status of enhanced recov-
ery after surgery (ERAS) protocol in gastrointestinal surgery. Med
Oncol 35(6):95

Aarts MA, Okrainec A, Glicksman A, Pearsall E, Charles Victor J,
McLeod RS (2012) Adoption of enhanced recovery after surgery
(ERAS) strategies for colorectal surgery at academic teaching
hospitals and impact on total length of hospital stay. Surg Endosc
26(2):442-450

Spanjersberg WR, van Sambeeck JDP, Bremers A, Rosman C, van
Laarhoven CJHM (2015) Systematic review and meta-analysis for
laparoscopic versus open colon surgery with or without an ERAS
programme. Surg Endosc 29(12):3443-3453

Saklad M (1941) Grading of patients for surgical procedures.
Anesthesiology 2(3):281-284. Available from:. https://doi.org/
10.1097/00000542-194105000-00004

Reilly HM, Martineau JK, Moran A, Kennedy H (1995) Nutri-
tional screening—evaluation and implementation of a simple Nutri-
tion Risk Score. Clin Nutr 14(5):269-273

Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373-83
Dell-Kuster S, Gomes NV, Gawria L, Aghlmandi S, Aduse-Poku
M, Bissett I et al (2020) Prospective validation of classification
of intraoperative adverse events (ClassIntra): international, mul-
ticentre cohort study. BMJ 25:370

Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD, de Santibaiies E, Pekolj J, Slankamenac K, Bassi
C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi
M (2009) The Clavien-Dindo classification of surgical complica-
tions: five-year experience. Ann Surg 250(2):187-96
Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA (2013)
The comprehensive complication index: a novel continuous scale
to measure surgical morbidity. Ann Surg 258(1):1-7

@ Springer


https://doi.org/10.1007/s00423-023-03195-7
https://doi.org/10.1097/00000542-194105000-00004
https://doi.org/10.1097/00000542-194105000-00004

5

Page 8 of 8

Langenbeck's Archives of Surgery (2024) 409:5

20.

21.

22.

23.

24.

25.

26.

Rubin DB (1997) Estimating causal effects from large data sets
using propensity scores. Ann Intern Med 127(8 Pt 2):757-63
Van Rompaey B, Elseviers MM, Schuurmans MJ, Shortridge-Bag-
gett LM, Truijen S, Bossaert L (2009) Risk factors for delirium
in intensive care patients: a prospective cohort study. Crit Care
13(3):R77

Hooton TM, Bradley SF, Cardenas DD, Colgan R, Geerlings SE,
Rice JC et al (2010) Diagnosis, prevention, and treatment of cathe-
ter-aassociated urinary tract infection in adults: 2009 international
clinical practice guidelines from the infectious diseases society of
America. Clin Infect Dis 50:625-663

Forsmo HM, Pfeffer F, Rasdal A, @stgaard G, Mohn AC, Kérner
H et al (2016) Compliance with enhanced recovery after surgery
criteria and preoperative and postoperative counselling reduces
length of hospital stay in colorectal surgery: results of a rand-
omized controlled trial. Color Dis 18(6):603-611

Squires DA (2011) The U.S. health system in perspective: a com-
parison of twelve industrialized nations. Issue Brief (Commonw
Fund) 16:1-14

Roulin D, Donadini A, Gander S, Griesser AC, Blanc C, Hiibner
M, Schifer M, Demartines N (2013) Cost-effectiveness of the
implementation of an enhanced recovery protocol for colorectal
surgery. BrJ Surg 100(8):1108-14

Ren L, Zhu D, Wei Y, Pan X, Liang L, Xu J, Zhong Y, Xue Z,
Jin L, Zhan S, Niu W, Qin X, Wu Z, Wu Z (2012) Enhanced
Recovery After Surgery (ERAS) program attenuates stress and

@ Springer

27.

28.

29.

accelerates recovery in patients after radical resection for colo-
rectal cancer: a prospective randomized controlled trial. World J
Surg 36(2):407-414

Lee L, Li C, Landry T, Latimer E, Carli F, Fried GM, Feld-
man LS (2014) A systematic review of economic evaluations of
enhanced recovery pathways for colorectal surgery. Ann Surg
259(4):670-676

Aarts MA, Rotstein OD, Pearsall EA, Victor JC, Okrainec
A, McKenzie M et al (2018) Postoperative ERAS interven-
tions have the greatest impact on optimal recovery. Ann Surg
267(6):992-997

Wei IH, Pappou EP, Smith JJ, Widmar M, Nash GM, Weiser MR,
Paty PB, Guillem JG, Afonso A, Garcia-Aguilar J (2020) Monitor-
ing an Ongoing Enhanced Recovery After Surgery (ERAS) Pro-
gram: Adherence Improves Clinical Outcomes in a Comparison
of Three Thousand Colorectal Cases. Clin Surg 5:2909

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	Enhanced recovery after surgery (ERAS) in colorectal surgery: implementation is still beneficial despite modern surgical and anesthetic care
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design
	ERAS protocol
	Operative technique
	Outcome parameters
	Statistical considerations

	Results
	Standard protocol vs. ERAS
	ERAS adherence

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements 
	References


