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ABSTRACT

Objective: To compare the enhanced recovery after
surgery (ERAS) protocol compliance and clinical
outcomes depending on the weekday of surgery.
Settings: Cohort of consecutive non-selected patients
undergoing elective colorectal surgery from January
2012 to March 2015. This retrospective analysis of our
prospective database compared patients operated early
in the week (Monday and Tuesday) with patients
operated in the second half (/ate: Thursday, Friday).
Primary outcome measures: Compliance with the
ERAS protocol, functional recovery, complications and
length of stay.

Results: Demographic and surgical details were
similar between the early (n=352) and late groups
(n=204). Overall compliance with the ERAS protocol
was 78% vs 76% for the early and late groups,
respectively (p=0.009). Significant differences were
notably prolonged urinary drainage and intravenous
fluid infusion in the late group. Complication rates and
length of stay, however, were not different between
surgery on Monday or Tuesday and surgery on
Thursday or Friday.

Conclusions: Application of the ERAS protocol
showed only minor differences for patients operated on
early or late during the week, and clinical outcomes
were similar. A fully implemented ERAS programme
appears to work also over the weekend.

INTRODUCTION
Evidences from various
medicine suggest that the day of the week on
which medical care is provided may have a
significant impact on health outcomes.’ ?
Some studies have shown increased mortality
associated with elective surgery performed
before the weekend, compared with earlier
in the week.*™®

Enhanced recovery after surgery (ERAS)
pathways have been shown to reduce compli-
cations, hospital length of stay and costs in
colorectal surgery.”'" ERAS guidelines have
been updated recently and include more
than 20 items.'” "' Compliance with those
items is very important, as it is significantly

areas of clinical

Strengths and limitations of this study

= All consecutive patients undergoing elective colo-
rectal surgery were included in the present study
and data were retrieved from a dedicated pro-
spectively maintained database.

m Staffing may be considered as generous on
weekdays and during the weekend in Swiss hos-
pitals compared with some other countries. This
makes the application of complex and work-
intensive care pathways easier than in healthcare
systems with restricted resources.

m It is therefore possible that our findings could
not be reproduced in hospitals where enhanced
recovery after surgery implementation has not
been firmly established.

correlated with better clinical outcome.'®

Implementation of enhanced recovery proto-
cols should therefore aim for possibly com-
plete fulfilment of the individual items. Early
postoperative care items are of utmost
importance but appear to be most challen-
ging to apply.'* Successful ERAS programmes
need active collaboration between multidis-
ciplinary team collaborators, giving nurses a
key role. Our hypothesis is that due to
medical and nursing staff reduction during
weekends, successful application of the ERAS
pathway, and thus improved clinical out
comes, could be jeopardised for patients
operated on during the second half of the
week.

The aim of this study was to assess the
effect of the day of the week of surgery
(Monday to Tuesday vs Thursday to Friday)
on compliance with the ERAS protocol,
recovery and clinical outcomes.

MATERIAL AND METHODS

The ERAS programme was systematically
introduced for colorectal surgery in our aca-
demic centre in May 2011.° Prospective
documentation of compliance with the ERAS
pathway and systematic audit of clinical
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outcome are a key component and were performed sys-
tematically for all patients on a routine basis. This retro-
spective study analysed complications, length of stay and
compliance with the ERAS protocol according to the
day of the surgery (early: Monday to Tuesday vs late:
Thursday to Friday). Of note, no colorectal interventions
were performed on Wednesday, as this day is reserved
for outpatient consultation. The staff situation in our
institution is as follows: 5 nurses take care of 22
patients during the week, and 4 nurses are in charge
during the weekend. On average, 2 surgical residents
take care of about 15 patients during the week, while
only 2 residents are responsible for all hospitalised sur-
gical patients (about 60) during the weekend. They are
backed up by one fellow and one consultant on call.
The Institutional Review Board approved the study and
all patients provided written consent before surgery.
The study was conducted in accordance with the
STROBE criteria and registered under www. resear-
chregistry.com (number 627).

Patients

The patient population included a consecutive cohort of
non-selected patients with elective colorectal surgery
operated on from January 2012 to March 2015. Of note,
all patients were treated according to the protocol and
no patient was excluded from analysis.

ERAS protocol and compliance

Our institutional enhanced recovery pathway is applied
in accordance with the recently updated ERAS guide-
lines' ! (figure 1). Compliance with the ERAS protocol

0%

was prospectively assessed for the different phases of
perioperative care (preoperative, intraoperative and
postoperative; total) as previously published.'” Briefly,
enhanced recovery items were handled as dichotomous
variables. Of note, recommended omissions were
accounted for as compliant if the measure was not per-
formed; for example, no bowel preparation or no naso-
gastric tube was documented as being compliant with
the pathway. Compliance with individual items was calcu-
lated as the percentage of compliant patients/total
patients. The number of fulfilled items divided by the
total number of the 21 enhanced recovery measures
(%) was presented as overall compliance with the
pathway.

EDAs were systematically used for open major resec-
tions except for patients with contraindications includ-
ing patients’ refusal. Recently, new pain management
strategies such as intravenous lidocaine infusion or
ultrasound-guided transversus abdominis plane blocks
have been exerted for some of the open procedures of
the present cohort.

Data collection

A dedicated and specially trained enhanced recovery
nurse (VA) was in charge of completing the prospective
database (database and ERAS Interactive Audit System).
Demographic and surgical details of all patients in the
enhanced recovery pathway were captured along with
detailed information on compliance with the protocol
and audit of clinical outcomes until a minimum of
30 days after surgery. Return of bowel function (flatus/
stool) was recorded, and postoperative complications

20% 40% 60% 80% 100%

Preadmission education

Preoperative nutrional status nent

Pre-operative Oral bowel preparation

compliance Preoperative oral carbohydrate treat t o)

Thrombosis prophylaxis }

Antibiotic prophylaxis )
PONYV prophylaxis administered
Epidural or spinal anaesthesia }

Intra-operative Systemic opioid given

compliance

Nasogastric tube postoperative }

OMonday and Tuesday

Resection site drainage

Termination of urinary drainage

BThursday and Friday

Stimulation of gut motility

Postoperative epidural analgesia
Patient weight on POD 1
Balanced fluid day 0

Post-operative

Termination of IV fluid infusion
Energy intake on day of surgery postoperative
Mobilisation at POD 0

compliance

Mobilisation at POD 1

Mobilisation at POD 2

i

Mobilisation at POD 3

Figure 1

*p<0.05

Components of preoperative, intraoperative and postoperative compliance: enhanced recovery items were handled as

dichotomous variables. Recommended omissions were accounted for as compliant, if the measure was not performed; for
example, no bowel preparation or no nasogastric tube was documented as being compliant with the pathway. Compliance with
individual items was calculated as percentage of compliant patients/total patients. 1V, intravenous; OPD, postoperative day;

PONYV, postoperative nausea and vomiting.
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were graded according to the Clavien classification
system.lc’ Length of stay was counted from day of surgery
until discharge. Total hospital stay included preoperative
days and early readmissions within 30 days after surgery.

Statistical analysis

Descriptive statistics for categorical variables were
reported as frequency (%), while continuous variables
were reported as means (SD) or median (IQR) as
appropriate. The % was used for comparison of categor-
ical variables. All statistical tests were two-sided and a
level of 0.05 was used to indicate statistical significance.
Data analyses were performed using SPSS 10 (SPSS,
Chicago, Illinois, USA).

RESULTS

Cohort demographics

A total of 556 patients underwent surgery within the
enhanced recovery programme from January 2012 to
March 2015. Data were analysed according to the day of
the surgery (early: Monday to Tuesday: n=352 vs late:
Thursday to Friday: n=204) (table 1). There was no sig-
nificant difference between the two groups in terms of
demographics and surgical details.

Compliance with the ERAS protocol

Total compliance with the ERAS protocol was 78% for
the early group and 76% for the late group (p=0.009).

Table 1 Surgical and demographic details of the cohort

When analysing compliance by the different periopera-
tive periods (preoperative, intraoperative and post-
operative), no significant difference was noted (see
online supplementary figure 1). In fact, only three indi-
vidual items showed small but significant differences in
disfavour of patients operated on later in the week: these
were prolonged urinary drainage, intravenous fluid infu-
sion and higher postoperative weight gain (figure 1).

Postoperative complications according to weekdays

Overall, complication rates were 42% and 43% for the
early and late groups, respectively (p=0.88). No signifi-
cant difference was observed for major complications
(12 vs 11%, p=0.39). Median hospital stay was 6 days* '
for patients operated on Monday/Tuesday as compared
with 5 days® ¥ for patients operated on Thursday/Friday
(p=0.24). Readmission rates were 5.4% and 6.3% for the
early and late groups, respectively (p=0.52).

DISCUSSION

Application of the established ERAS protocol was
equally high in our cohort on weekdays and during the
weekend with minor differences for three individual
items only.

Despite the significant lower compliance with the
ERAS pathway for the group operated on at the end of
the week, the ERAS protocol was applied equally in the
three perioperative periods. The small overall difference

Monday+Tuesday Thursday+Friday
n=352 n=204 p Value

Sex ratio M/F 197/155 (1.27) 123/81 (1.52) 0.18
Mean BMI+SD 25.51+5.01 25.48+5.11 0.94
Mean age+SD 61.34+15.6 60.33+15.7 0.46
ASA group

1-2 274 (77.84%) 52 (74.5%) 0.23

3-4 78 (22.15%) 52 (25.5%)
Surgical procedure 0.32

Laparoscopy 179 (50.8%) 87 (42.6%)

Open surgery 83 (23.6%) 66 (32.4%)

Stoma procedure 63 (17.9%) 36 (17.6%)

Conversion 27 (7.7%) 15 (7.4%)
Aetiology

Primary adenocarcinoma 183 (52%) 103 (50.5%)

Other primary malignancy 3 (0.9%) 4 (1.9%)

Surgery for metastasis or recurrence of any malignancy 11 (3.1%) 13 (6.4%)

Benign tumour including polyp(s) 17 (4.8%) 9 (4.4%) 0.56

Crohn’s disease 20 (5.6%) 4 (2%)

Inflammatory bowel disease 27 (7.6%) 11 (5.4%)

Diverticular disease 44 (12.5%) 27 (13.2%)

Functional disorder 18 (5.1%) 12 (5.9%)

Other benign disorder 29 (8.2%) 21 (10.3%)
Rectal resections 75 (21.6%) 32 (15.7%) 0.09
Operative time (minutes) 179.5 193.5 0.41
Mean blood loss (mL)+=SEM 149.3+13.04 199.2+26.02 0.058

p<0.05 Indicates statistical significance.

ASA, American Society of Anesthesiologists; BMI, body mass index; F, female; M, male.
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should be considered as clinically irrelevant because all
patients had the same functional and clinical outcomes.
Evidences from several clinical medicine areas suggest
that the day of the week on which medical care is pro-
vided may have a significant impact on health outcomes.
Some articles have even described a ‘weekend effect’
which represents a worse outcome for patients admitted
at weekends compared with weekdays in terms of mortal-
ity and length of hospital stay.! '” '8 Zare et al’ have
found a higher 30 days mortality (deaths in hospital and
after discharge) after non-emergency surgery on Fridays,
compared with early weekdays in patients admitted to
regular wards. One possible explanation could be the
poorer quality of care on weekends due to reduced staff-
ing in terms of number and experience, with less senior
staff. Furthermore, in the study of Aylin et al,2 the overall
risk of death within 30 days for patients undergoing elect-
ive surgery increased with the day of the week on which
the procedure was performed. Compared with Monday,
the adjusted odds of death for all elective surgical proce-
dures were, respectively, 44% and 82% higher if the pro-
cedures were carried out on Friday or at the weekend.
The reasons for this difference remain unknown, but it
appears that serious complications are more likely to
occur within the first 48 hours after an operation, and a
failure to rescue the patient could be related to reduced
and/or locum staffing (expressed as number and level of
experience) and poorer availability of services over a
weekend. In our experience, no clinically relevant differ-
ence was found. We attribute this to the fact that most of
the nursing staff is dedicated staff, and many of our care-
givers were in the department already through the
process of ERAS implementation and consolidation. In
order to ensure continuity of care over the weekend,
senior and junior staff members are paired whenever
possible, and likewise for medical and nursing staff.
Furthermore, new collaborators receive formal teaching
on ERAS on arrival and periodically, the junior medical
and nursing staff are instructed by senior surgeons and
the dedicated clinical ERAS nurse to update all care-
givers on ERAS care during institutional staft meetings.
Improved clinical outcomes require a possibly complete
application of the ERAS protocol. In clinical practice, a
threshold of at least 70% of overall compliance was
found to be significant'® (own unpublished data). In this
study, a similarly high level of healthcare was maintained
independent of the day of the week as reflected by an
overall compliance of 78% and 76%, respectively.
Although this difference was statistically significant, it
appears unlikely that a 2% gap would be of clinical rele-
vance. Furthermore, no difference was detected when
analysing ERAS compliance by perioperative phase. This
finding is important when the postoperative phase coin-
cides with the weekend for patients operated on
Thursday or Friday, respectively. The smallest meaningful
difference for ERAS compliance has not been identified
yet. However, studies focusing on the correlation of com-
pliance with clinical outcomes found clinically significant

effects for differences in compliance of 10% or
more.'” ' This is in accordance with our findings of
similar clinical outcomes for the two comparative groups.
A well standardised pathway (like ERAS) might help to
cope with limited resources on weekends or in general.
Not every individual item of the complex protocol might
have the same importance.'* Subtle differences existed
between the two comparative groups. These were
nurse-related measures such as delayed urinary catheter
removal and prolonged intravenous fluid administration
that could be explained by reduced staffing on the
weekend, but again absolute differences were marginal
and had no effect on recovery and clinical outcomes.

The application of enhanced recovery protocols in
colorectal surgery allows some significant reduction in
postoperative complication rates, length of stay and
costs. A successful collaboration between multidisciplin-
ary team members on the ward is needed to achieve
high compliance with ERAS items and thus support
patient recovery after surgery.

Ihedioha et al’ have examined the impact of the day
of surgery on shortterm recovery after colorectal
surgery. They observed a significantly longer length of
stay in patients operated later on in the week. The
results of their study differ from our present results,
since we did not observe any difference in length of stay
and complication rates between patients operated on
Monday and Tuesday versus Thursday and Friday.

This is a retrospective study with inherent limitations
and sources of bias. However, selection bias appears
unlikely because OR scheduling was based on logistic
and administrative reasons only. Furthermore, all con-
secutive patients were included in this study and data
were retrieved from a dedicated, prospectively main-
tained database. The cohort is heterogeneous (colon
and rectal resections) and the study might be underpow-
ered to detect small differences of certain end points
(eg, complications) between the comparative groups
(risk of type II error). However, 556 prospectively docu-
mented patients were available and no significant differ-
ence in outcomes was detected. Length of stay was
longer in our cohort as compared with previous reports,
but still within the reported range of the international
ERAS benchmarking included in the international
ERAS database.”™** Finally, overall compliance was not
yet optimal despite the full implementation process,
similar to other 1rep0rts.]2 * We would expect improved
outcomes for both comparative groups with higher com-
pliance levels but no difference between patients oper-
ated on early or later during the week.

Staffing may be considered as generous on weekdays
and during the weekend in Swiss hospitals compared
with some other countries. This makes the application
of complex and work-intensive care pathways easier than
in healthcare systems with restricted resources.
Furthermore, ERAS was implemented early in 2011 in
our institution, and thus study patients were treated after
the initial implementation process. It is therefore
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possible that our findings could not be reproduced in
hospitals where ERAS implementation has not been
firmly established.

In conclusion, compliance with the ERAS pathway was
high for patients operated on early or late during the
week. Minor differences in terms of urinary drainage
and intravenous fluids had no impact on functional and
clinical outcomes. While this is plausible with a long-
standing programme with standardised measures and
trained staff, it might be more challenging for teams in
the beginning of the ERAS implementation process.

Contributors BR and MH contributed to the conception and design of the
study. BR, FG and VA participated in the data acquisition. BR, MH, FG and ND
contributed to the drafting or revising of the manuscript. All the authors gave
their approval for the final version of the manuscript.

Funding This research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent Obtained.

Ethics approval Commission Cantonale d’Ethique.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data from this project can be made available by a
request to the corresponding author.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http:/
creativecommons.org/licenses/by-nc/4.0/

REFERENCES

1. Clarke MS, Wills RA, Bowman RV, et al. Exploratory study of the
‘weekend effect’ for acute medical admissions to public hospitals in
Queensland, Australia. Intern Med J 2010;40:777-83.

2. Aylin P, Alexandrescu R, Jen MH, et al. Day of week of procedure
and 30 day mortality for elective surgery: retrospective analysis of
hospital episode statistics. BMJ 2013;346:f2424.

3. Zare MM, ltani KM, Schifftner TL, et al. Mortality after nonemergent
major surgery performed on Friday versus Monday through
Wednesday. Ann Surg 2007;246:866—87.

4. Bell CM, Redelmeier DA. Mortality among patients admitted to
hospitals on weekends as compared with weekdays. N Engl J Med
2001;345:663-8.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Vohra RS, Pinkney T, Evison F, et al. Influence of day of surgery on
mortality following elective colorectal resections. Br J Surg
2015;102:1272-7.

Ihedioha U, Esmail F, Lloyd G, et al. Enhanced recovery
programmes in colorectal surgery are less enhanced later in the
week: an observational study. JRSM Open 2015;6:1-5.

Greco M, Capretti G, Beretta L, et al. Enhanced recovery program in
colorectal surgery: a meta-analysis of randomized controlled trials.
World J Surg 2014;38:1531—41.

Muller S, Zalunardo MP, Hubner M, et al., Zurich Fast Track Study
Group. A fast-track program reduces complications and length of
hospital stay after open colonic surgery. Gastroenterology
2009;136:842-7.

Roulin D, Donadini A, Gander S, et al. Cost-effectiveness of the
implementation of an enhanced recovery protocol for colorectal
surgery. BrJ Surg 2013;100:1108-14.

Gustafsson UO, Scott MJ, Schwenk W, et al. Guidelines for
perioperative care in elective colonic surgery: Enhanced Recovery
After Surgery (ERAS(RY)) Society recommendations. World J Surg
2013;37:259-84.

Nygren J, Thacker J, Carli F, et al. Guidelines for perioperative care in
elective rectal/pelvic surgery: Enhanced Recovery After Surgery
(ERAS(RY)) Society recommendations. World J Surg 2013;37:285-305.
Gustafsson UO, Hausel J, Thorell A, et al., Enhanced Recovery
After Surgery Study Group. Adherence to the enhanced recovery
after surgery protocol and outcomes after colorectal cancer surgery.
Arch Surg 2011;146:571-7.

Viug MS, Bartels SA, Wind J, et al., Collaborative LAFA Study
Group. Which fast track elements predict early recovery after colon
cancer surgery? Colorectal Dis 2012;14:1001-8.

Maessen J, Dejong CH, Hausel J, et al. A protocol is not enough to
implement an enhanced recovery programme for colorectal
resection. Br J Surg 2007;94:224-31.

Roulin D, Blanc C, Muradbegovic M, et al. Enhanced recovery
pathway for urgent colectomy. World J Surg 2014;38:2153-9.
Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004;240:205-13.
Husted H, Holm G, Jacobsen S. Predictors of length of stay and
patient satisfaction after hip and knee replacement surgery:
fast-track experience in 712 patients. Acta Orthop 2008;79:168-73.
Rathi P, Coleman S, Durbin-Johnson B, et al. Effect of day of the
week of primary total hip arthroplasty on length of stay at a
university-based teaching medical center. Am J Orthop 2014;43:
E299-303.

ERAS Compliance Group. The impact of enhanced recovery
protocol compliance on elective colorectal cancer resection: results
from an International Registry. Ann Surg. 2015;261:1153-9.

Levy BF, Scott MJ, Fawcett WJ, et al. 23-hour-stay laparoscopic
colectomy. Dis Colon Rectum 2009;52:1239-43.

Keller DS, Stulberg JJ, Lawrence JK, et al. Process control to
measure process improvement in colorectal surgery: modifications to
an established enhanced recovery pathway. Dis Colon Rectum
2014;57:194-200.

Andersen J, Hjort-Jakobsen D, Christiansen PS, et al. Readmission
rates after a planned hospital stay of 2 versus 3 days in fast-track
colonic surgery. Br J Surg 2007;94:890-3.

Romain B, et al. BMJ Open 2016;6:6011067. doi:10.1136/bmjopen-2016-011067


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1111/j.1445-5994.2009.02067.x
http://dx.doi.org/10.1097/SLA.0b013e3180cc2e60
http://dx.doi.org/10.1056/NEJMsa003376
http://dx.doi.org/10.1002/bjs.9865
http://dx.doi.org/10.1007/s00268-013-2416-8
http://dx.doi.org/10.1053/j.gastro.2008.10.030
http://dx.doi.org/10.1002/bjs.9184
http://dx.doi.org/10.1007/s00268-012-1772-0
http://dx.doi.org/10.1007/s00268-012-1787-6
http://dx.doi.org/10.1001/archsurg.2010.309
http://dx.doi.org/10.1111/j.1463-1318.2011.02854.x
http://dx.doi.org/10.1002/bjs.5468
http://dx.doi.org/10.1007/s00268-014-2518-y
http://dx.doi.org/10.1080/17453670710014941
http://dx.doi.org/10.1097/SLA.0000000000001029
http://dx.doi.org/10.1007/DCR.0b013e3181a0b32d
http://dx.doi.org/10.1097/DCR.0b013e3182a62c91
http://dx.doi.org/10.1002/bjs.5669

	Impact of weekday surgery on application of enhanced recovery pathway: a retrospective cohort study
	Abstract
	Introduction
	Material and methods
	Patients
	ERAS protocol and compliance
	Data collection
	Statistical analysis

	Results
	Cohort demographics
	Compliance with the ERAS protocol
	Postoperative complications according to weekdays

	Discussion
	References


