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Abstract
Background Enhanced recovery program (ERP) is well-established in colorectal surgery. Rectal surgery (RS) is known to be
associated with high morbidity and prolonged hospital stay, which might explain why ERPs are less applied in this specific group
of patients. The aim of this large-scale study was to assess the feasibility of an ERP in RS compared with colonic surgery.
Methods This study was a retrospective analysis of a prospective database including 3740 patients eligible for colorectal
resection from February 2014 to January 2017 in 75 European Francophone centres. Patients were divided into two groups
(colon group C vs. rectum group R). The main endpoint was compliance with ERP components. A subgroup analysis was
performed in patients for whom a defunctioning stoma (DS) was required after RS.
Results A total of 3740 patients were included. There were 2870 patients in group C and 870 patients in group R. The overall
compliance rate for ERPs was 81.71% in group C and 79.09% in group R. Patients were significantly less mobilized within 24 h
in group R. Specific recommendations for RS concerning bowel preparation and abdominal drainage were significantly less
implemented. Overall morbidity was significantly higher in group R. Mean length of stay (LOS) was significantly shorter in
group C. In the sub-group analysis, a DS was significantly associated with fewer compliance with early mobilization and early
feeding, leading to significantly longer LOS (group R).
Conclusion ERP is safe and effective in RS, despite the well-known higher morbidity and LOS compared with colonic surgery.
DS could be a limiting factor in ERP implementation after RS.
Keywords Enhanced recovery program . Compliance . Rectal surgery . Colonic surgery

Introduction
Enhanced recovery program (ERP) is now a well-established
care protocol in colorectal surgery [1]. Major rectal surgery,
involving rectal resections with infra-peritoneal anastomosis,
is known to be associated with high morbidity and prolonged
hospital stay compared with colonic resection, which may
* J. Veziant
jveziant@chu-clermontferrand.fr

explain why ERPs are less fully applied [2, 3]. Some ERP
components recommended for colonic surgery have been successfully applied to rectal resections. Rectal/pelvic resections
are often included in overall analysis or set aside or discounted
as a group for “special consideration” [4, 5]. In the present
work, we have specifically considered the application of ERP
principles to this special population of rectal resection patients.
The aim of this large-scale study was to assess the feasibility of
ERP in rectal resections compared with colonic surgery.

Methods
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This study was a retrospective analysis of a prospective large
database from the Francophone Group for Enhanced Recovery
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after Surgery (Groupe Francophone de Réhabilitation Améliorée
après Chirurgie - GRACE). Seventy-five centres, registered from
the GRACE-AUDIT database, took part in this study. This analysis included consecutive patients who underwent elective colorectal resection for benign or malignant disease between
February 2014 and January 2017. All the patients were managed
within the ERP established by the GRACE working group
(www.grace-asso.fr), based on the published national and
international recommendations. The participant teams were
trained for ERP whether owing to on-site visit of a member of
GRACE or less frequently by visiting the GRACE website and
downloading the documents and procedures for an optimal implementation of ERP. Patients were divided into two groups,
depending on the location of resection. The control group (group
C) included patients undergoing colonic resection or colorectal
resection with intraperitoneal anastomosis. Group R consisted of
patients with rectal surgery, where low anterior resection of the
rectum (LAR) with or without defunctioning stoma was performed. Converted laparoscopic procedures were included in
laparoscopy group, according to intention to treat basis.

Data collection
Data was stored anonymously to ensure confidentiality.
Collected information comprised patient demographics, comorbidities, type of surgical resection (colon vs. rectum), postoperative course (length of hospital stay, overall morbidity, and
30-day mortality), and which different components of the colon
or rectum ERP were or were not applied. Exclusion criteria
included emergency surgery, pregnancy, patient refusal to take
part, and inability to contact the patient after discharge.
Data collection was registered at the French data protection
agency (CNIL) as required by the modified Data Protection
Act of Jan 6, 1978. CNIL authorization was acquired on
December 8, 2014 (No. 1817711).
Compliance with each ERP component was assessed and
compared between group C and group R.

ERP components
The protocol for colonic and rectal surgery has been published
in detail elsewhere and is specified by the GRACE group
(www.grace-asso.fr/espace-membre) according to national
and international recommendations. The details of each
component by surgical specialty (colonic or rectal) are
presented in Table 1.

Endpoints
Compliance with ERP components was the main endpoint.
Secondary endpoints were length of stay, readmissions, overall morbidity and 30-day mortality, rate of anastomotic leak,
and unplanned surgical procedures (reinterventions).

A subgroup analysis was performed in patients where a
defunctioning stoma was required after rectal surgery.

Statistical analysis
The data were analysed with Stata 15 software (StataCorp LP,
College Station, USA). Categorical parameters were presented as frequencies and associated percentages, and quantitative
data (i.e. length of stay) as mean ± standard deviation. The
comparisons concerning categorical data between groups
were performed using Chi-squared and Fisher’s exact test.
Length of stay was compared by Student t test. The type I
error was two-sided at 0.05. A sub-group analysis was carried
out according need or not for defunctioning stoma in rectal
procedure.

Results
A total of 3740 patients were included in this study between
February 2014 and January 2017 in 75 GRACE expert centres. Group C involved 2870 patients and group R (infraperitoneal rectal resection) 870 patients. Demographic data
and characteristics of patients were comparable between the
two groups except for age and sex (Tables 2 and 3). Briefly,
the patients in group R were significantly older, but had fewer
malignant diseases (61.2% vs. 41.5% p < 0.001) but more
neoadjuvant therapy than in group C. Beside malignant diseases, the remaining indications for rectal resections were endoscopically unresectable polyps with high-grade dysplasia,
endometriosis, inflammatory bowel diseases, and rectovesical or colorectal fistula.
A total of 225 laparoscopic procedures had to be converted
in group C (7.8%) and 70 in group R (8.05%) (p = NS).
The compliance rates for each ERP component for the other endpoints in each group are presented in Table 4.
The overall compliance rate for all components of the ERP
was 81.71% in group C and 79.09% in group R (p = 0.083).
No components were implemented at a rate of less than 50%.
The least often implemented component for both groups was
intraoperative adequate vascular filling. A total of 13/19 components were implemented in more than 80% of instances in
group C and 8/19 in group R. Among the “surgical” components, compliance with the specific recommendations regarding bowel preparation and abdominal drainage in rectal surgery was fewer in group R, than in group C. Similarly, patients
were significantly less often mobilized within 24 h after rectal
surgery than they were after colonic surgery (79.54% vs.
84.22%). On the other hand, postoperative multimodal analgesia, preoperative immunonutrition, and compliance with
preoperative fasting conditions (6 h solids and 2 h clear liquids) were better applied in rectal surgery.
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Table 1

ERP component features by surgical procedure (colon or rectum)
ERP component

Colon

Rectum

References

Systematic patient information, “education” and counselling
recommended.
Immunonutrition
- Recommended as a preoperative adjunct to elective colorectal
surgery for cancer
- Not recommended in elective non-carcinologic colorectal surgery
Premedication
Not recommended (only if necessary)
Bowel preparation
Not recommended
Recommended
The literature does not permit any
recommendation with a high
level of evidence.
Preoperative fasting
< 6 h for solids and 2 h for clear fluids (water, coffee or clear juice)
Preoperative carbohydrate loading
Recommended before elective colorectal surgery except for patients
with diabetes or gastric emptying disorders
Intra-operative period Laparoscopy
Recommended
Laparoscopy approach should be preferred whenever possible
Abdominal drainage
Not recommended
For infra-peritoneal rectal
anastomosis, suction drainage
should probably be recommended
Prophylactic antibiotic
Recommended: against aerobic and anaerobic bacteria
Hypothermia prevention
Recommended
Adequate fluid management
Recommended: monitoring intra-operative fluid administration,
based on
parameters reflecting volume replacement
Prevention of nausea
Recommended: according to level of risk (Apfel score)
Administration of corticosteroid
Recommended: a single injection at the time of induction
Postoperative period Early mobilization (< 24 h)
Recommended
Early food intake (< 24 h)
Recommended
Short urinary drainage (no or less than 24 h) Recommended
Recommended or alternatively
suprapublic catheter
Multimodal analgesia
Recommended: preference for non-opioid drugs and/or locoregional
technique
Epidural analgesia
After laparoscopic surgery, epidural analgesia should probably not
be
recommended (grade 2−), recommended after laparotomy
Nonsteroidal anti-inflammatory drugs
Probably recommended (≤ 48 h)
Venous thromboembolism prophylaxis
Recommended
Preoperative period

Information

The secondary endpoints are summarized in Table 4.
Overall morbidity was significantly higher in group R than
in group C (29.47% vs. 20.83%; p < 0.001). Mean length
of stay was significantly shorter in the colonic resection
group, with 7.09 ± 13.79 days vs. 9.59 ± 17.41 days in the
rectal resection group (p < 0.001). Reintervention rate was
significantly higher after rectal resection at 7.68% compared with 4.34% after colonic resection (p < 0.001).
Defunctioning stoma was very scarce in group C (n = 87,
3%). The subgroup analysis of rectal surgery with or without
defunctioning stoma is reported in Table 5. Of the 870 patients
in group R, 41% (n = 357) required a defunctioning stoma.
The presence of stoma after major rectal surgery was significantly associated with less early mobilization (73.11% vs.
85.93%, p < 0.01) and less early refeeding (71.99% vs.
87.13%, p < 0.01). Early feeding was also less tolerated in

Table 2
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Patient characteristics: colon vs. rectum

Male sex (%)
Mean age, years
Body mass index > 30 kg/m2 (%)
Diabetes (%)
Immunosuppression (%)
Active smoking (%)
Coronaropathy (%)
BPCO (%)
Cancer (%)
Neoadjuvant treatment (%)

Group C
(n = 2870)

Group R
(n = 870)

p value

1485 (52)
48.9
476 (16.6)
265 (9.2)
63 (2.2)
322 (11.2)
188 (65.5)
172 (6)
1782 (62.1)
78 (2.7)

488 (56)
60.35
132 (15.2)
87 (10)
17 (2)
102 (12)
59 (6.8)
40 (4.6)
361 (41.5)
300 (34.5)

0.028
< 0.001
0.130
0.516
0.652
0.103
0.837
0.109
< 0.001
< 0.001
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Table 3

Patient characteristics: stoma vs. no stoma (Group R)
Stoma
(n = 357)

No stoma
(n = 334)

p value

Male sex (%)
Diabetes (%)
Immunosuppression (%)
Coronaropathy (%)

198 (55.46)
47 (13.17)
11 (3.08)
27 (7.56)

184 (55.09)
39 (11.68)
6 (1.80)
31 (9.28)

0.922
0.554
0.276
0.416

BPCO (%)
Cancer (%)
Neoadjuvant treatment (%)

20 (5.6)
284 (79.5)
197 (69.37)

20 (5.99)
223 (66.77)
42 (18.83)

0.828
< 0.001
< 0.001

this subgroup: poor tolerance of feeding or nausea or vomiting
was reported in 13.7% of cases (n = 49) significantly more
than in case of no-stoma (n = 29, 8.7%) (p < 0.001). There was
also a significant increase in mean length of hospital stay
(11.04 days vs. 7.12 p < 0.01), postoperative morbidity

Table 4

Discussion
The present study analysed the feasibility of an ERP in rectal
surgery by comparison of the compliance with ERP components in this population with that in colon surgery. We also
investigated the impact of a defunctioning stoma on ERP
compliance and results after rectal surgery. Our findings suggest that despite the well-known higher morbidity and
prolonged hospital stay in major elective rectal surgery, ERP
is feasible and effective. Overall adherence to the protocol did
not differ significantly between patients with rectal and colonic resection, at about 80% (79.09% in group R vs. 81.71% in
group C, p = 0.083). This observation is similar to that of
Pedziwiatr et al. [33] with a smaller sample size (n = 82).

ERP implementation (compliance rate for each component) between colon (group C) and rectal (group R) surgery

Preoperative period

Intra-operative period

Postoperative period

Endpoints

(40.06% vs. 18.54%, p < 0.01), and reintervention rate
(10.66% vs. 4.26%, p < 0.01) in the stoma group.

Group C
(n = 2870)

Group R
(n = 870)

p value

Patient information (%)
Immunonutrition (%)
No routine premedication (%)
Bowel preparation (no for C, yes for R) (%)
Short preoperative fasting (%)
Preoperative carbohydrate loading (%)
Prophylactic antibiotics (%)
Hypothermia prevention (%)

88.71
70.77
68.68
71.81
83.94
85.05
97.67
96.79

88.74
76.78
67.47
66.44
88.05
70.11
97.36
95.4

1
< 0.001
< 0.001
0.002
0.004
< 0.001
0.797
0.422

Laparoscopy (%)
Adequate fluid management (%)
Prevention of nausea (%)
Abdominal drainage (no for C, yes for R) (%)
Administration of corticosteroids (%)
Multimodal analgesia (%)
Epidural analgesia (%)
Nonsteroidal anti-inflammatory drugs (%)
Venous thromboembolism prophylaxis (%)
Early mobilization < 24 h (%)
Early food intake < 24 h (%
Short urinary drainage for C & short indwelling
catheter or suprapubic catheter for R (%)
Mean length of stay (days)
Overall morbidity (%)
Reintervention (%)
Mortality (%)
Readmission (%)
Anastomotic leak (%)

83.52
52.47
88.89
81.53
74.11
85.85
82.3
76.2
97.53
84.22
82.44
73.7

83.68
51.38
87.01
58.85
76.44
87.59
75.4
77.13
95.98
79.54
79.31
47.7

0.718
0.705
0.298
< 0.001
0.087
0.038
0.396
0.415
0.698
0.019
0.353
< 0.001

7.09 ± 13.79
20.83
4.34
0.25
5.79
2.4

9.59 ± 17.41
29.47
7.68
0.35
7.63
2.76

< 0.001
< 0.001
< 0.001
< 0.001
0.113
0.556
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Table 5 Subgroup analysis of ERP implementation (% compliance rate for each component) according need or not for defunctioning stoma in rectal
procedure

Preoperative period

Intra-operative period

Postoperative period

Endpoints

Stoma (n = 357)

No stoma (n = 334)

p value

Patient information (%)
Immunonutrition (%)
No routine premedication (%)
Bowel preparation (no for C, yes for R) (%)

82.91
74.51
37.53
63.03

94.01
79.34
31.44
69.16

< 0.01
0.006
0.052
0.089

Preoperative fasting (%)
Preoperative carbohydrate loading (%)
Prophylactic antibiotic (%)
Hypothermia prevention (%)
Laparoscopy (%)
Adequate fluid management (%)
Prevention of nausea (%)
Abdominal drainage (no for C, yes for R) (%)
Administration of corticosteroids (%)
Multimodal analgesia (%)
Epidural analgesia (%)
Nonsteroidal anti-inflammatory drugs (%)
Venous thromboembolism prophylaxis (%)
Early mobilization < 24 h (%)
Early food intake < 24 h (%)
Mean length of stay (days)
Overall morbidity (%)
Reintervention (%)

95.43
73.11
95.24
96.92
78.71
49.3
88.52
79.27
77.31
89.92
79.27
82.91
96.08
73.11
71.99
11.04
40.06
10.66

93.71
69.46
99.1
97.01
86.83
51.2
88.62
43.71
73.65
93.11
84.43
85.53
96.41
85.93
87.13
7.12
18.54
4.26

< 0.01
0.289
0.04
0.067
0.02
0.81
0.48
< 0.01
0.109
0.23
0.001
0.483
0.5
< 0.01
< 0.01
< 0.01
< 0.01
< 0.001

Mortality (%)
Readmission (%)
Anastomotic leak (%)

0.29
10.5
3.36

0.3
6.44
2.4

0.518
0.06
0.449

On the other hand, we found few reports with a similar number of rectal resections within ERP (n = 705 anterior resections) and analysing separately the compliance with the ERP
in rectal surgery [34]. In this ERAS Society study, the compliance rate in rectal surgery was 75%, significantly lower
than that in colon surgery (77.5%, p = 0.04). Most studies
on ERP in colorectal surgery are series with both colonic or
rectal procedures, thus ruling out a formal analysis of feasibility of ERP in rectal surgery [5, 35]. Furthermore, our overall
implementation rate of our multicentre study compares
favourably with that of an earlier multicentre study, whereas
we also noticed that there is room for improvement for some
components [36].
Beside the overall implementation rates, the individual implementation rate differed depending on the ERP element.
Some components of ERP after major elective rectal surgery
were not so frequently applied as with colonic surgery.
Mechanical bowel preparation (MBP) (66.44% vs. 71.81%),
preoperative premedication (67.47% vs. 68.68%), carbohydrate loading (70.11% vs. 85.05%), postoperative drainage
(58.85% vs. 81.83%), and early mobilization within 24 h

(79.54% vs. 84.22%) were poorly applied in the rectum group.
For two elements of the protocol, namely MBP and postoperative drainage, Pedziwiatr et al. [33] reached similar conclusions and pointed out that for a long time these two elements
were unquestioned in perioperative care for colorectal surgery.
In our study, according to French guidelines, MBP was recommended in cases of low rectal resections, and abdominal
drainage was also recommended.
Our study shows that nearly one-third of patients had no
bowel preparation or abdominal drainage in rectal surgery,
which goes against the French guidelines. This situation is
related to the discrepancy between the guidelines and routine
practice [37]. The reasons for non-compliance with the guidelines are multiple: unawareness, disagreement, accessibility,
habits, etc. [38]. Similarly, there was significantly less adherence to the recommendations for short urinary drainage or at
least a suprapubic catheter, in RS. This is probably due to the
same reasons.
Concerning early mobilization (< 24 h), observational and
historical studies [4, 39] have reported a compliance in the
range 28–69%, and it has been suggested that this component
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is a significant predictor of earlier hospital discharge and potentially related to the presence of a stoma [40–43].
Additionally, patients in group R were significantly older,
which could potentially explain lower compliance with early
mobilization.
In this study, 41% (n = 370) of patients in group R had a
stoma. According to Faiz et al. [44], a defunctioning stoma
prolongs hospital stay, but a more recent study [33] did not
confirm these results in a multivariate analysis, suggesting that
there are other stronger factors influencing length of stay that
require further investigation. In our subgroup analysis of rectum surgery, we reported a significantly longer mean length of
stay in the stoma group than in the no-stoma group. This may
potentially be related to the fact that patients with a stoma had
significantly more abdominal drainage. Another explanation
for late mobilization could be the fear of stoma pouch detachment, from some patients. Both abdominal drainage and the
aforementioned fear may be a constraint to early mobilization
and therefore increase the length of stay. It has been showed
that a defunctioning stoma is not always associated with a
longer hospital stay if adequate and intensive preoperative
stoma education and stoma self-care management is offered
to patients [43, 45]. Our study showed well that there is room
for improvement in the subgroup of patients with
defunctioning stoma. Currently, a key aspect of the ERP has
been to fully involve patients in their own healthcare and so
empower them in the decision-making process to become actors in their personal care. On the other hand, early feeding
was also less tolerated in patients with stoma since nausea or
vomiting was more frequent in this subgroup of patients
(13.7% vs. 8.7%, p < 0.001). Indeed, poor tolerance to early
feeding could be a red flag for a possible postoperative complication in this subgroup of patients [46], which was the case
in this series.
Our results suggest that patients undergoing rectal resections may benefit from ERP, with a reduction in hospital stay
compared with results of historical series with conventional
pathways [3, 47]. Although it is not the main topic of the
present study, several authors have shown that ERPs reduce
length of stay without an increased rate of postoperative complication after rectal resection compared with conventional
care [48, 49].
Our study did not involve a subgroup analysis of the implementation of ERP in cancer vs. no-cancer patients. A previous and recent study from the same GRACE-AUDIT database has shown that the indication for did not significantly
influence peri-operative management and postoperative major
complications, in patients managed within an ERP [50].
There are several limitations in our report. A selection bias
is possible with the exclusion of patients sustaining postoperative complications. There may be a selection of rectal procedures more amenable to an ERP, and there was also a relative
low rate of cancer. However, we found the same morbidity

rates as in the literature [49, 51, 52]. This type of comparative
study cannot be randomized. Even so, this is the largest series
published on this subject with more 870 major elective rectal
procedures. It is also a multicentric study in which 75
healthcare centres took part. These features lend the study
good external validity.

Conclusion
At variance with some beliefs, this study demonstrates that an
ERP after major elective rectal surgery is safe and effective,
with results comparable to colon surgery, even if some specific components were less often implemented in rectal surgery,
namely MBP, postoperative drainage, and early mobilization
(> 24 h). Our study also suggests that the placement of a
defunctioning stoma could be a limiting factor for ERP implementation in rectal surgery. A strengthening of pre-operative
measures such as patient information, education, and teaching
would be beneficial in improving ERP compliance after rectal
surgery.
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