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Gastrointestinal motility has more of an impact on postoperative recovery than you might expect

Keywords: Gastrointestinal motility, postoperative, postoperative ileus, autonomy

Purpose: While patient's reported autonomy (PRA) may help the physician to adapt the day of discharge, the link between postoperative ileus and length of stay and PRA is not known.

The aim of this study was to evaluate the evolution of the PRA score during the postoperative period and to determine the factors possibly influencing such an evolution.

Methods: This retrospective study on a prospective database took place in a single center over 14 months. PRA was defined by the by using part I of the Groningen Activity Restriction Scale known as activity of daily life (from 9(best) to 45(worst)).

Results: Among the 101 patients operated on for elective or emergent colorectal surgery, 80% of the patients had recovered their preoperative PRA(+/-5 points) before discharge and maintained their PRA during the 2 days preceding discharge.

While PRA was significantly decreased by surgery (p<0.0001), each postoperative day allowed for its progressive recovery. Interestingly, the day of recovery of GI transit was associated with a significant increase of PRA (-6.96 points, p<0.0001). Despite high variability of baseline autonomy level, patients presented very similar recovery processes, which were represented by very low slope variability in the linear mixed model.

Laparoscopy reduced the decrease of postoperative PRA (p=0.03) while ASA score > 2 increased PRA (p=0.03). Age, emergency surgery and the occurrence of postoperative morbidity did not affect postoperative autonomy. Finally, enhanced recovery programs (ERP) tended to improve postoperative autonomy recovery (p=0.09).

Conclusion:

PRA may be used as a means of optimizing a patient's day of discharge following colorectal surgery.

Highlights:

-Recovery of gastrointestinal motility is a key point in postoperative recovery.

-Patients' self-reported autonomy is impaired by ASA score >2 -Patients' self-reported autonomy is improved by laparoscopy -Patient's self-reported autonomy could help to optimize the day of discharge after surgery

Introduction

During the reign of France's Louis XIV in the 17 th century, gastro-intestinal motility was so important that the King's stools were analyzed every morning to establish Royal health [1] and to decide what subject would be discussed each day. Today, in the 21 st century, the preoccupations are the same and postoperative gastrointestinal (GI) function recovery remains at the center of surgeons' thoughts.

While implementation of enhanced recovery programs (ERP) has led to improved GI function recovery and reduced occurrence of postoperative ileus (POI) [START_REF] Grass | Postoperative ileus in an enhanced recovery pathway-a retrospective cohort study[END_REF][START_REF] Barbieux | Does enhanced recovery reduce postoperative ileus after colorectal surgery?[END_REF], even with ERP its incidence rate remains around 15-20%, and it is probably underestimated [START_REF] Grass | Postoperative ileus in an enhanced recovery pathway-a retrospective cohort study[END_REF].

The consequences of POI and GI motility recovery impairment have been widely studied [START_REF] Venara | Proposal of a new classification of postoperative ileus based on its clinical impact-results of a global survey and preliminary evaluation in colorectal surgery[END_REF][START_REF] Asgeirsson | Postoperative ileus: it costs more than you expect[END_REF] and a classification according to these complications has been proposed [START_REF] Venara | Proposal of a new classification of postoperative ileus based on its clinical impact-results of a global survey and preliminary evaluation in colorectal surgery[END_REF], from simple increase of length of stay to death. Association between POI and anastomotic leakage has likewise been highlighted [START_REF] Peters | Relation between postoperative ileus and anastomotic leakage after colorectal resection: a post hoc analysis of a prospective randomized controlled trial[END_REF], underlining the importance of a POI diagnosis in order to avoid misdiagnosis of an anastomotic leakage [START_REF] Venara | Postoperative ileus concealing intra-abdominal complications in enhanced recovery programs-a retrospective analysis of the GRACE database[END_REF].

The impact of other consequences of GI function impairment, which are more directly felt by patients, has not been widely studied. As in the French king's court, such an impairment can lead to abdominal pain or abdominal meteorism and, consequently, reduced patient activity. In some cases, due to nausea/vomiting, the patient will not be able to eat or drink anything and may require a nasogastric tube [START_REF] Alhashemi | Incidence and predictors of prolonged postoperative ileus after colorectal surgery in the context of an enhanced recovery pathway[END_REF][START_REF] Delaney | Clinical Consensus Update® in General Surgery, postoperative ileus: profiles, risk factors, and definitions-a framework for optimizing surgical out-comes in patients undergoing major abdominal and colorectal sur-gery[END_REF], which entails further reduction of autonomy.

A link between GI function recovery and patients' reported autonomy (PRA) has yet to be studied, even though enhanced better knowledge could be of interest (i) to adapt the postoperative patient management of on their transit, (ii) to permit the physician to authorize patient discharge according to transit recovery and (iii) to bolster the arguments stressing a need for research on POI prevention.

The aim of this present work was to study the evolution of the patient's postoperative reported autonomy (PRA) score and to pinpoint the factors possibly influencing such an evolution.

Material and methods

One hundred and one patients (101) operated on for elective or emergent colorectal surgery between 01.01.2018 and 02.28.2019, and whose information on autonomy was available, were included in this retrospective study carried out on a prospective database.

The prospective database was developed via the GRACE-audit website provided by the French Speaking Group for Enhanced Recovery After Surgery (GRACE) to perform an audit on the compliance of our ERP after colorectal surgery. The data of the patients' reported autonomy were collected in an associated database.

Patients whose autonomy score was not reported, who had cognitive trouble, who refused to participate in the study, who required immediate postoperative intensive care or who did not speak French were excluded, nor were those whose surgical procedure was not carried out. The flowchart of our population is reported in Figure 1.

The study was approved by the local ethics committee.

Outcome measure

The primary outcome was patients' reported autonomy (PRA). It was assessed by part I of the Groningen Activity Restriction Scale (GARS) [START_REF] Suurmeijer | The Groningen Activity Restriction Scale for measuring disability: its utility in international comparisons[END_REF][START_REF] Kempen | The development of a hierarchical polychotomous ADL-IADL scale for noninstitutionalized elders[END_REF], named activities of daily living (ADL). This is a non-specific score assessing incapacity to perform usual activities in daily life [START_REF] Suurmeijer | The Groningen Activity Restriction Scale for measuring disability: its utility in international comparisons[END_REF]. Our score did not take in to account the capabilities "to go up and down the stairs" or "walk outdoors", which were not adapted for the situation. The score was a minimum of 10 (most autonomous) and a maximum of 50 (least autonomous) (see SCD 1).

The score was measured between 8 am and 10 am, every morning.

To consider the extent to which normal PRA was recovered, we arbitrarily considered that the patient should report his/her preoperative PRA +/-10% (5 points) after surgery.

Data collection

Data were collected in an anonymized database.

The collected data were:

-Preoperative: age, body mass index (BMI), gender, medical history, surgical indication, American Society of Anesthesia (ASA) score, treatments, emergency procedure.

-Intraoperative: surgical access, surgical procedure, compliance with enhanced recovery program.

-Postoperative: postoperative complications according to the Dindo Clavien scale [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF], time between operative day and first flatus, time between operative day and first stool and time between operative day and gastrointestinal (GI) motility recovery. GI motility recovery was defined the GI-2 recovery (presence of stool and the tolerance to oral solid food) [START_REF] Van Bree | Identification of clinical outcome measures for recovery of gastrointestinal motility in postoperative ileus[END_REF].

Information on recovery of stool, flatus or GI function was collected twice a day, in the morning and the evening.

Statistical analysis

Categorical data was described using percentages and compared using Fisher's exact tests.

Continuous data was described using median and interquartile range, and compared using Type I error threshold was set at 0.05 for all the tests performed.

Results

One hundred and one (101) patients were included in this prospective database study. Fifty-one (51) patients were male, the median age was 66 years (interquartile range: 55-74) and the median BMI was 23 [START_REF] Sparreboom | Different Risk Factors for Early and Late Colorectal Anastomotic Leakage in a Nationwide Audit[END_REF][START_REF] Powell | Decreasing the Surgical Stress Response and an Initial Experience from the Enhanced Recovery After Surgery Colorectal Surgery Program at an Academic Institution[END_REF][START_REF] Venara | Anti-inflammatory Effects of Enhanced Recovery Programs on Early-Stage Colorectal Cancer Surgery[END_REF][START_REF] Collaborative | Safety of hospital discharge before return of bowel function after elective colorectal surgery[END_REF][START_REF] Gignoux | Short-term outcomes of ambulatory colectomy for 157 consecutive patients[END_REF](25)(26)(27).

Forty-nine (49) patients underwent surgery for cancer, 36 for diverticulosis, 13 for nonresectable benign polyps and 3 for inflammatory chronic bowel disease. Sixteen [START_REF] Kempen | The assessment of disability with the Groningen Activity Restriction Scale. Conceptual framework and psychometric properties[END_REF] patients were ASA 1, 50 were ASA 2, 32 were ASA 3 and 3 were ASA 4. While all patients were managed in accordance with our ERP, only 74 patients showed ≥70% compliance. Emergency surgery was performed on 20 patients and a complication occurred in 35 patients. Baseline description of the population is given in Table 1. 

Influence of gastrointestinal motility recovery on patients' reported autonomy (Table 2)

In the overall population, surgery was associated with lower PRA, the time just after surgery being significantly associated with a worsened PRA score (p<0.0001), while the day of recovery of GI motility was significantly associated with heightened PRA (+18.94 points) (p<0.0001). First stool (+0.86) or first flatus (-0.76) were not significantly associated with changed PRA (p=0.55 and p=0.56 respectively).

Finally, PRA improvement occurred over time, independently of stools, flatus or GI transit, as each passing day was associated with significantly increased PRA (Table 2). Interestingly, GI-2 recovery significantly improved PRA the day it occurred (-6.96). Figure 2 represents each of the individual PRA trajectories, and average PRA trajectory in the overall population according to postoperative day (POD) and the events (first flatus, first stool, GI-2 recovery).

Random effect parameters are presented in Table 2. A significant variation of autonomy was observed at baseline, reflecting the variability of the patients treated in our unit. On the other hand, the variation associated with the evolution of PRA over time was clearly lower than the baseline autonomy variation, reflecting the fact that the evolution over time was relatively similar for all patients, whatever their basal autonomy.

Factors associated with variations of autonomy.

Because we observed a variation at baseline between individuals, we assessed the effects of six covariates, which might explain the variations in autonomy: surgical access, age (>≤ 60), emergency or elective surgery, ERP compliance, occurrence of morbidity and ASA (> ≤2).

Interestingly, age, emergency surgery and postoperative morbidity were not significantly associated with a modification of autonomy recovery while ASA score and laparoscopy were; laparoscopy increased baseline autonomy (-2.68 points) (p=0.03) and ASA score ≥3 reduced baseline autonomy (+2.62) (p=0.03) (Table 3). ERP compliance was not significantly associated with autonomy recovery (p=0.09).

It should be noted that introducing these covariates substantially decreased baseline autonomy variability (coeff: 8.86) as compared with considering the overall population (coeff: 16.26). The first model (overall population) for baseline autonomy variability represented the baseline autonomy differences depending on patients, while in the second model, which introduced covariates possibly influencing individual autonomy, baseline autonomy variability represented the autonomy differences between patients with similar ASA score, surgical access, age, type of surgery (emergency or elective), ERP compliance and occurrence of morbidity status (Table 3). On the other hand, the covariates did not modify postoperative individual variability over time of autonomy evolution (Coeff: 0.23 vs 0.18). 

Discussion

This study, including 101 patients, showed that 80% of them recovered their preoperative PRA +/-5 before discharge, and that they maintained the PRA for 2 days.

While PRA was significantly decreased by surgery, each postoperative day allowed for progressive recovery. Interestingly, the day of recovery of GI transit was associated with significantly increased PRA.

Despite high variability of baseline autonomy level, patients presented very similar recovery processes, represented in the linear mixed model by very low slope variability.

A number of factors modified the autonomy level and influenced PRA recovery.

Laparoscopy reduced the decrease of postoperative PRA, while ASA score > 2 increased it.

Age, emergency surgery and occurrence of postoperative morbidity did not affect postoperative autonomy. Finally, while ERP tended to increase postoperative autonomy recovery, the improvement was not significant.

While patient autonomy recovery has not been widely studied in the literature, some studies on colonic or liver surgery have used the Activities of Daily Living (ADL) score [START_REF] Wong-Lun-Hing | Randomized clinical trial of open versus laparoscopic left lateral hepatic sectionectomy within an enhanced recovery after surgery programme (ORANGE II study)[END_REF][START_REF] Maessen | (ERAS) Group. Length of stay: an inappropriate readout of the success of enhanced recovery programs[END_REF].

ADL is part of the Groningen Activity Restriction Scale (GARS) [START_REF] Suurmeijer | The Groningen Activity Restriction Scale for measuring disability: its utility in international comparisons[END_REF] which is more specific but, to the best of our knowledge, is not used in surgical studies. Even if such a scale has been proven to be comprehensive and a valid measure for assessment of patient disability [START_REF] Kempen | The assessment of disability with the Groningen Activity Restriction Scale. Conceptual framework and psychometric properties[END_REF],

instrumental activities of daily living (IADL) are not compatible with postoperative course.

Furthermore, as compared with the ADL of the GARS, the score used in this study did not include issues relating to mobilization with stairs, which were not appropriate in our unit.

The ADL scale has shown its usefulness and been proposed for use as a means of reducing length of stay in ERP [START_REF] Maessen | (ERAS) Group. Length of stay: an inappropriate readout of the success of enhanced recovery programs[END_REF]. Interestingly, we came to the same conclusion, given the fact that 80% of our patients recovered their autonomy before their discharge.

This study achieved its first aim by drawing a postoperative curve of patients' postoperative ADL recovery. While there was no difference between patients in the slope of recovery, decreased< postoperative autonomy was influenced by some confounding factors.

Patients lost their autonomy the day after surgery but recovered progressively each day, until GI motility was recovered. This can be explained by the fact that patients with POI or with no GI function recovery had meteorism or abdominal pain and could consequently only slowly recover ADL. Moreover, patients with POI are subject to having a nasogastric tube or perfusion, which reduces the distance they are able to walk [START_REF] Alhashemi | Incidence and predictors of prolonged postoperative ileus after colorectal surgery in the context of an enhanced recovery pathway[END_REF]. From another standpoint, and as was the case for Louis XIV, the psychological aspect of consistence or absence of stool should not be minimized insofar as it significantly impacts quality of life [1]. In and if itself, stool emission is likely to have a beneficial effect.

Several factors influencing postoperative ADL recovery were highlighted.

Interestingly, age was not one of them. At first sight this was surprising, but it may be due to a small study population or to the fact that patients were managed in ERP programs that have been shown to reduce postoperative stress in the elderly, especially insofar as in these programs, surgical outcomes are largely independent of age [START_REF] Ostermann | Randomized Controlled Trial of Enhanced Recovery Program Dedicated to Elderly Patients After Colorectal Surgery[END_REF]. We can offer the same explanation of the fact that emergency surgery was not significantly associated with autonomy recovery insofar as emergency surgery results are improved by ERP [START_REF] Paduraru | Enhanced Recovery after Emergency Surgery: A Systematic Review[END_REF]. Surprisingly, we did not find any significant association between postoperative morbidity and PRA recovery. This was probably due to the fact that most of the complications were not severe (<3) and had a low impact on the patient.

We also found that laparoscopic access improves postoperative outcomes in terms of PRA recovery. This is similar to what has been reported in the literature on laparoscopy which has been shown to improve postoperative outcomes in terms of morbidity and length of stay [START_REF] Van Der Pas | Laparoscopic versus open surgery for rectal cancer (COLOR II): short-term outcomes of a randomised, phase 3 trial[END_REF]. Conversely, ASA score ≥3 was associated with worse PRA recovery; this is likewise similar to literature, which reports worsened surgical outcomes in patients with ASA≥3 [START_REF] Sparreboom | Different Risk Factors for Early and Late Colorectal Anastomotic Leakage in a Nationwide Audit[END_REF].

The final factor assessed in our model was ERP programs. Interestingly, for each % of compliance of ERP, the patients' PRA improved by 0.07 points. However, our study failed to show significant improvement of PRA associated with ERP. This is probably due to the lack of power linked with our small sample size. Elsewhere, ERP has been shown to facilitate reduction of surgical stress [START_REF] Powell | Decreasing the Surgical Stress Response and an Initial Experience from the Enhanced Recovery After Surgery Colorectal Surgery Program at an Academic Institution[END_REF] and inflammatory parameters [START_REF] Venara | Anti-inflammatory Effects of Enhanced Recovery Programs on Early-Stage Colorectal Cancer Surgery[END_REF], which are likely to influence autonomy recovery.

Recently, Chapman et al. showed that discharge before return of bowel function after elective colorectal surgery appears safe [START_REF] Collaborative | Safety of hospital discharge before return of bowel function after elective colorectal surgery[END_REF] and Gignoux et al. reported 157 cases of ambulatory colectomy [START_REF] Gignoux | Short-term outcomes of ambulatory colectomy for 157 consecutive patients[END_REF]. That said, our results nonetheless remain interesting in the current context, especially as regards reduced lengths of stay. Indeed, in our study we propose a tool aimed at decreasing length of stay by better assessing patient autonomy.

Moreover, our results provide information on postoperative recovery after colorectal surgery. This information could be provided to the patients to reassure them at home and to explain to them how and when they will recover their autonomy. In France, the current trend is not favorable to discharging a patient before the first flatus, as is recommended by the GRACE group [25].

This study presents some limitations inherent to the small size of the population.

Some results are almost but not quite significant and do not allow a strong conclusion to be made on these parameters. As for the GARS test, which has been validated for patients with chronic illness, it is not specific to surgical patients. For this reason, we chose an arbitrary tolerance of 10% (+/-5 points) as a means of designating complete recovery. While this may represent a bias, the present paper should be considered as a report on a preliminary study designed to validate use of this scale in a specific context. As it is the first work to draw on PRA recovery after colorectal surgery, our results could be the basis for sample size calculation in larger studies.

Conclusion

In this study, 80% of the patients stayed in hospital for 3 days with approximately recovered autonomy. While postoperative autonomy recovery is beneficially associated with GI motility recovery, laparoscopic access and (probably) ERP, it is negatively associated with ASA score. The surgeon probably take into account these parameters to help to adapt postoperative management and the day of discharge. 

Tables and Figures

  Mann & Whitney tests. The evolution of the ADL score over time was studied using mixed models, taking into account the correlation of repeated measures for each individual. Two random parameters were considered: a random intercept to model the differences of the ADL score at baseline, depending on patients (integrating the individual differences of daily living activity before surgery), and a random slope to model the differences of ADL evolution over time, also depending on individual patients. No hypotheses were made concerning variancecovariance, which was considered as unstructured. The structure of residuals was set in accordance with a first order autoregressive model. The covariates included in this model were post-operative period, first flatus day, first stool day and GI recovery day. As a means of sensitivity analysis and to identify other possible factors influencing postoperative outcomes over time, another model was used, applying the same parameters as well as other covariates, which were: ASA score dichotomized as +-2, laparoscopy vs open surgery, age +-60y, emergency surgery, ERP, and morbidity.

  Median length of stay was 5 days [IQ:4-8]. 82 patients recovered their preoperative PRA +/-5 before discharge with a median time of 3 days [IQ: 2-5]. Median length of stay with recovered preoperative PRA was 2 days [IQ:1-3].
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 3 Figure 3 A-C : Representation of the PRA variation based on time, in different subgroups (A: based on the surgical access, B: based on age, C: based on the ASA score)
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Table 1 :

 1 Baseline description of our population.

		Number or median	% or IR
	Male	51	50%
	Median age	66	55-74
	Median BMI	23	20.7-26.2
	ASA score		
	1	16	16%
	2	52	51%
	3	32	32%
	4	3	3%
	Surgical indication		
	Cancer	49	49%
	Diverticulosis	36	36%
	CIBD	3	3%
	Other benign surgery	13	13%
	Surgical procedure		
	Right colectomy	21	21%
	Left colectomy	53	52%
	Total colectomy	5	5%
	Proctectomy	9	9%
	Hartman reversal	10	10%
	Other benign surgery	3	3%
	Surgical access		
	Laparoscopy	61	60%
	Conversion	9	9%
	Open surgery	31	31%
	ERP compliance	77.7%	66.7-83.3
	Overall morbidity	35	35%
	Severe morbidity	4	4%
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 2 Evolution of the PRA score according to GI-2 recovery and confounding parameters. Bold type is used for significant results.
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