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Abstract
Background: Mobilization after surgery is recommended to reduce the risk of adverse effects 
and to improve recovery. The aim of this study was to examine the associations between peri-
operative physical activity and postoperative outcomes in colorectal surgery. Methods: The 
daily number of footsteps was recorded from preoperative day 5 to postoperative day 3 in a 
prospective cohort of patients using wrist accelerometers. Timed Up and Go Test (TUGT), 6 
Min Walking Test (6MWT), and peak expiratory flow (PEF) were assessed preoperatively. ROC 
curves were used to assess the performance of physical activity as a diagnostic test of com-
plications and prolonged length of stay (LOS) of more than 5 days. Results: A total of 50 pa-
tients were included. Patients with complications were significantly older (67 years) than those 
without complications (53 years, p = 0.020). PEF was significantly lower in the group with com-
plications (mean flow 294.3 vs. 363.6 L/min, p = 0.038) while there was no difference between 
groups for the other two tests (TUGT and 6MWT). The tests had no capacity to discriminate 
the occurrence of complications and prolonged LOS, except the 6MWT for LOS (AUC = 0.746, 
p = 0.004, 95% CI: 0.604–0.889). There was no difference in the mean number of preoperative 
footsteps, but patients with complications walked significantly less postoperatively (mean 
daily footsteps 1,101 vs. 1,243, p = 0.018). Conclusions: Colorectal surgery patients with com-
plications were elderly, had decreased PEF, and walked less postoperatively. The 6MWT could 
be used preoperatively to discriminate patients with potentially increased LOS and foster mo-
bilisation strategies. © 2020 The Author(s)
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Introduction

Patients undergoing colorectal surgery experience a physiologic stress response and are 
at risk of complications and delayed recovery [1, 2]. Attempts to improve recovery have 
tended to focus on the intraoperative period and the immediate postoperative period 
(Enhanced Recovery After Surgery, ERAS, pathways) [2]. ERAS reduced overall morbidity, 
length of hospital stay, and costs by incorporating multimodal optimization of perioperative 
care first in colorectal surgery and then also in other fields of surgery [3–6].

Early postoperative mobilisation is a fundamental part of the ERAS pathway, as it affects 
the ability to perform activities of daily living, return to work, and it helps to prevent compli-
cations [1]. However, intervention on preoperative factors, such as physical fitness, is an 
attractive strategy that has developed over the last decade [2]. Few studies have analysed the 
effect of poor preoperative physical fitness on postoperative recovery, with higher mortality 
and major complications rate as well as delayed functional recovery after abdominal surgery 
[7, 8]. A recent systematic review of randomised trials has demonstrated that prehabilitation 
combining endurance and resistance training may improve physical fitness as well as quality 
of life and decrease length of stay (LOS), and postoperative pulmonary complications [9]. 
However, there are few quantitative data specific to patients and physical activity. 

The aim of this pilot prospective study in colorectal surgery was to examine the associ-
ation between perioperative physical activity and postoperative outcomes.

Materials and Methods

Patients
This prospective study included a cohort of non-selected elective colorectal patients (except stoma 

closure) operated from June 2016 to September 2018. Patients were included at the preoperative surgeon’s 
consultation after clear and appropriate information, with specific consent signed. All patients were treated 
according to the ERAS protocol including routine control at 30 days after surgery [10, 11]. Based on clinical 
considerations, the sample size was set at 50 patients in order to carry out a pilot study at first. 

Physical Activity
Timed Up and Go Test (TUGT) and 6 Min Walking Test (6MWT) were chosen to assess functional 

capacity. TUGT was measured as the time in seconds taken to rise from a chair, walk 3 m, turn, walk back, 
and sit down again [12]. For 6MWT, patients were told that they had 6 min to walk back and forth along the 
hallway at their usual pace, and the total distance was recorded in metres using the accelerometer. Reference 
equations were used to compute the percent predicted 6MWT according to age, gender, height, and weight 
[13]. Peak expiratory flow (PEF) was measured with a peak flow meter (Clement Clarke®; Mini Wright 
Standard Peak Flow) to monitor patient’s ability to breathe out air (maximum speed of expiration in L/min). 
Reference equations were used to compute the percent predicted PEF according to age, height, and gender 
[14]. These tests were assessed preoperatively between 1 and 2 weeks prior to surgery through consultation 
with a dedicated nurse.

Number of daily footsteps was recorded via bracelets containing an accelerometer (E-care Fit®). Data 
were synchronized via a tablet on a software and no geolocation was used. The accelerometer was carried 
on patients from preoperative day 5 to postoperative day 3. Patients were instructed to wear it on the wrist 
of their dominant hand. Patients who experienced a technical problem with the accelerometer or withdrew 
their consent during the study were excluded (missing data). One step was defined as measuring 0.75 m.

Postoperative Outcomes
Postoperative outcomes were prospectively collected until 30 days of surgery. Complications were 

graded according to the Clavien classification [15]. Major complications were defined as grade IIIb–IVb, and 
grade V for mortality, respectively. Only the highest grade was retained in patients presenting more than one 
complication. In addition, the Comprehensive Complication Index (CCI) was calculated, considering all post-
operative complications and thus, giving an estimation of overall morbidity in an individual patient, ranging 
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from 0 (no complications) to 100 [16]. LOS was defined as time spent at the hospital from the date of surgery 
until discharge. Surgical and medical complications were not considered separately. 

Outcomes were prospectively recorded by the investigators at 30 days postoperatively which were not 
aware of walking test data synchronized on the software by a dedicated nurse. Physical tests and accelerom-
eters data were then gathered on a database with outcomes after inclusion of the last patient for analysis. 
Patients with and without complications were compared in terms of demographics, surgical details, and 
physical activity.

Statistical Analysis
Continuous variables were presented as mean (standard deviation, SD) or median (interquartile range, 

IQR) and compared with Student’s t test or Mann-Whitney U test according to their normality. Categorial 
variables were presented as frequencies (percentage) and compared with Pearson’s χ2 or Fisher’s exact test 
as appropriate. Statistical correlation between footsteps and outcomes was measured by use of the Pearson 
correlation coefficient. Receiver operating characteristic (ROC) curves were used to assess the performance 
of physical activity as a diagnostic test of complications and prolonged LOS of more than 5 days (defined by 
the median LOS of the cohort). A good diagnostic performance of a test was defined as a ROC curve having an 
area under the curve (AUC) of at least 0.7. Sensitivity and specificity regarding possible cutoff were also calcu-
lated. A p value ≤ 0.05 was considered statistically significant and all tests were two-sided. Analysis was 
performed using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA).

Results

A total of 50 colorectal patients were included in this prospective study (Fig. 1). Three 
patients were excluded because of withdrawal of consent and another 6 patients because of 
technical problems or non-wearing of the accelerometer. Patient demographics and surgical 
details are displayed in Table 1. Patients with complications were significantly older (67 
years) than those without complications (53 years, p = 0.020). Eighteen out of 50 patients had 
complications (36%), mostly minor complications (Clavien grade I–IIIa, n = 17), and only 1 
patient had a major complication (Clavien grade IVb, 6%; for all online supplementary 
material, see www.karger.com/doi/10.1159/000507578). The first complications occurred 
on mean postoperative day 6 (SD 5.9), the mean CCI of patients with complications was 22.9 
and 4 of them had to be readmitted (22%). The mean LOS was significantly longer in the 
group of patients with complications (8.8 vs. 5 days, p = 0.005).

Physical activity of patients is described in Table 2. In terms of physical tests, PEF was 
significantly lower in the group of patients with complications (294.3 vs. 363.6 L/min, p = 
0.038). There was no significant difference between smokers (346 L/min) and non-smokers 

Technical problem (n = 6)
Withdrew consent (n = 3)

Patients included
(n = 50)

Exclusion:
- Refusal to participate (n = 246)
- Screen failure (n = 42)
- Time restriction (n = 55)

Patients enrolled
(n = 59)

Eligible patients
(n = 402)

Fig. 1. Study flowchart diagram.
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(336 L/min, p = 0.825). The mean number of daily footsteps according to the presence of 
complications is displayed in Figure 2. No significant difference was found between the 
number of steps and the presence of complications at any of the 5 preoperative and 3 post-
operative days. There was no difference in terms of overall preoperative footsteps between 
the two groups. However, the mean number of overall daily postoperative footsteps was 
significantly lower in patients with complications compared to those without complications 
(1,101 vs. 1,243, p = 0.018), which represents in distance 932 versus 826 m. Patients without 
complications walked on average 557 m on operative day, 1,023 m on day 1, 1,152 m on day 
2, and 1,008 m on day 3. Postoperative/preoperative footsteps ratio was 19.5% in patients 
without complications and 16.5% in patients with complications (p = 0.038). 

Table 2. Physical activity

Overall 
(n = 50)

No complications 
(n = 32)

Complications 
(n = 18)

p value*

Mean TUGT ± SD, s 9.3±2.9 9.0±2.9 9.9±2.9 0.182
Mean 6MWT ± SD, m 422.4±93.8 440.9±79.6 389.6±106.7 0.177
Mean percent predicted 6MWT ± SD 64±19 66±17 59±19 0.293
Mean PEF ± SD, L/min 340.1±102.1 363.6±99.6 294.3±90.9 0.038
Mean percent predicted PEF ± SD 73±19 75±19.8 71±17.9 0.436
Mean of daily preoperative footsteps ± SD, n 6,444±4,095 6,384±4,09 6,573±4,098 0.752
Mean of daily postoperative footsteps ± SD, n 1,191±1,864 1,243±1,641 1,101±2,198 0.018

TUGT, Timed Up and Go Test; 6MWT, 6 Min Walking Test; PEF, peak expiratory flow. * Comparison of patients with (n = 18) 
and without (n = 32) complications. Significant p values (<0.05) are displayed in bold characters. The mean of daily footsteps 
of residents in surgery was 9,587 ± 4,450.

Table 1. Patient demographics and surgical details

Overall 
(n = 50)

No complications  
(n = 32)

Complications  
(n = 18)

p value*

Mean age ± SD, years 58.7±18.2 53.3±19.9 67.1±15.4 0.020
Mean BMI ± SD, kg/m2 25.4±4.3 25.3±4.3 25.5±4.4 0.975
Gender (M: F) 34:16 22:10 11:7 0.757
Alcohol consumption (>1 unit per day) 33 (66%) 24 (75%) 9 (50%) 0.212
Active smoking (daily or occasionally) 19 (38%) 12 (38%) 7 (39%) 0.767
Cardiovascular disease 19 (38%) 12 (38%) 7 (39%) 0.767
Chronic pulmonary disease 7 (14%) 4 (13%) 3 (17%) 0.677
Diabetes 6 (12%) 2 (6%) 4 (22%) 0.162
ASA score (I–II: III–IV) 43:7 28:4 15:3 0.677
Malignancy 27 (54%) 14 (44%) 13 (72%) 0.036
Surgical procedure 0.711

Colon 38 (76%) 25 (78%) 13 (72%)
Rectum 7 (14%) 4 (13%) 3 (17%)
Other 5 (10%) 3 (9%) 2 (11%)

Minimally invasive approach 44 (88%) 30 (91%) 14 (82%) 0.396

SD, standard deviation; BMI, body mass index; ASA, American Society of Anaesthesiologists. * Comparison 
of patients with (n = 18) and without (n = 32) complications. Significant p values (<0.05) are displayed in 
bold characters. 
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No correlation was found between the number of pre- or postoperative footsteps and the 
CCI, as well as the number of preoperative footsteps and LOS. On the other hand, there was a 
significant negative relationship between number of postoperative footsteps and LOS (r = 
–0.310, p = 0.028; Fig. 3). No correlation was found between 6MWT, TUGT, PEF, and compli-
cations or LOS.

Physical tests had no diagnostic ability to assess complications (Fig. 4a), but the 6MWT 
showed significant ability to discriminate prolonged LOS of more than 5 days (AUC = 0.746, 
p = 0.004, 95% CI: 0.604–0.889; Fig. 4b). A cutoff distance of 502 m had a true positive (sensi-
tivity) of 0.31, a specificity of 0.95 (false positive rate of 0.05), and a positive predictive value 
of 0.79 to predict prolonged LOS.
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Fig. 2. Physical activity according to complications.
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Discussion

This prospective cohort study using accelerometers allowed to quantify physical activity 
in the perioperative course of colorectal patients. The mean number of overall daily postop-
erative footsteps was significantly lower in patients with complications, and a significant 
correlation was found between number of postoperative footsteps and LOS. Moreover, the 
6MWT showed significant ability to discriminate prolonged LOS.

In the present study, 36% of patients had complications, mostly minor, and the mean CCI 
in patients with complications was 22.9, which is comparable to other cohorts of colorectal 
surgery [17, 18]. The LOS was, as expected, higher in the group of patients with complications. 
No correlation was found between the number of pre- or postoperative footsteps and the CCI, 
as well as the number of preoperative footsteps and LOS. Furthermore, there was no difference 
in terms of overall preoperative footsteps between the patients with and without complica-
tions. Similarly, a prospective observational study of 327 colorectal patients showed the 
absence of association between physical activity level before surgery and postoperative 
recovery [19]. In contrast to these results, one study concluded that a higher preoperative 
physical activity level was associated with faster self-reported recovery after surgery [20]. 
However, in the present study, the mean number of overall daily postoperative footsteps was 
significantly lower in patients with complications compared to those without complications, 
and a significant negative relationship between number of postoperative footsteps and LOS 
was observed. One possible explanation is that patients with complications were more 
bedridden and walked less. Nevertheless, complications occurred on average on the 6th post-
operative day and may not have influenced the ability to walk postoperatively (days 0–3). 
Early postoperative activity is probably thus not only a predictor but also a causative factor 
for the risk of complications and the length of hospital stay [1]. This cause-effect relationship 
cannot, however, be confirmed by the present study since the recording of steps was limited 
to the first 3 postoperative days and complications occurred on the 6th postoperative day. A 
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Fig. 4. a ROC curve of physical tests and complications. b ROC curve of physical tests and prolonged LOS.
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retrospective cohort study on colorectal patients showed that more than half of the patients 
did not mobilise as recommended by the ERAS guidelines, and delayed mobilisation was asso-
ciated with increased postoperative complications [21]. Low physical functioning is asso-
ciated with disability and a loss of independence, and not all individual colorectal cancer 
patients recover to their preoperative level of physical functioning [19]. In the present study, 
the drop in the number of postoperative footsteps compared to the preoperative footsteps 
was significantly higher in patients with complications (83.5 vs. 80.5%). Nowadays, as the 
vast majority of smartphones measure the number of steps, this represents an interesting 
tool, and cutoffs could be used in the future to set postoperative goals for patients.

Patients with postoperative complications were significantly older than those without 
complications. These results could reflect the effect of aging on physical fitness. However, in 
a precedent pilot study, physical activity increased steadily in the postoperative course 
regardless of age [1]. On the other side, increasing patient age at the time of surgical resection 
of colorectal cancer is associated with an increase in both morbidity and mortality [22, 23]. 
The advent of laparoscopy in colorectal surgery, widely used in this cohort (> 80%), has 
substantially reduced morbidity and LOS and improved quality of life [24–26]. This minimally 
invasive approach is also safe and feasible in elderly patients [27]. Older patients were also 
more susceptible to infective complications postoperatively in a prospective study of 163 
consecutive patients undergoing laparoscopic colorectal surgery [28]. Another retrospective 
study including colorectal patients in an ERAS pathway showed that despite more comor-
bidities, older patients did not experience more complications [29]. Furthermore, minimally 
invasive surgery and high compliance with the ERAS protocol can help to prevent postoper-
ative pulmonary complications in the elderly [30]. Regarding the oncological aspect of the 
present cohort, the malignancy rate was higher in patients with complications. These results 
could also reflect the effect of cancer. In view of the small sample, no conclusion can be drawn 
on this aspect. On the other hand, several studies showed that physical activity was associated 
with better quality of life and extended survival after cancer diagnosis [31–33]. A systematic 
review also confirmed that physical activity was associated with improved survival in an 
oncological population [33].

Objective measures were already used to show that moderate- to vigorous-intensity 
physical activity (MVPA) using an accelerometer was associated with better health-related 
quality of life (HRQoL), physical function, and well-being [34]. Another cross-sectional study 
of 1,371 colorectal cancer patients confirmed that MVPA was positively associated with 
physical HRQoL [35]. Physical activity was also associated with lower fatigue, pain, and 
insomnia [36]. In 1,996 colorectal cancer survivors interviewed by phone, self-measured 
physical activity had a positive association with the physical and functional well-being [37]. 

Outside of footsteps, a better preoperative physical performance assessed with the TUGT 
or walking distance was associated with reduced rate of complications after colorectal cancer 
surgery [17, 18, 38]. In the present study, the 6MWT showed significant ability to discrim-
inate prolonged LOS, with a mean distance of 502 m as diagnostic threshold. This is in line 
with another prospective study of 191 colorectal patients which showed that increased 
walking distance (mean 6MWT of 462 m) was associated with fewer complications and a 
lower rate of discharge to a geriatric care facility or residential care/nursing home, rather 
than home [39]. Preoperative lack of physical fitness appears to be a risk factor for poorer 
postoperative outcomes; however, this could not be confirmed by the present study, since 
6MWT and preoperative footsteps were not significantly different in the cohort of patients 
with complications. Moreover, a Canadian study demonstrated that slower walking was asso-
ciated with increased postoperative morbidity after elective colorectal resection [18]. 
Otherwise, 6MWT of less than 325 m has been described as threshold for predicting postop-
erative pulmonary complications with 77% sensitivity and 100% specificity in patients 
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undergoing elective surgery under general anaesthesia [40]. Regarding TUGT, a prospective 
cohort study of 272 patients including colorectal surgery showed that a score of 15 s or longer 
was associated with a significantly increased occurrence of postoperative complications, 
30-day readmission, and 1-year mortality [38]. Moreover, the authors demonstrated that 
slower scores were associated with increased postoperative complications: fast (≤10 s): 
13%; intermediate (11–14 s): 29%; and slow (≥15 s): 77% [38]. This is opposed to the present 
cohort where patients tended to have good scores (mean TUGT 9.3 s), which could also be 
explained by the high proportion of ASA I–II score (86%). On the other hand, there is actually 
no single TUGT score that is accepted as a standard cut point for poor performance.

On the respiratory level, this study identified that the absolute PEF value was signifi-
cantly lowered in the group of patients with complications, but not when compared with the 
theoretical value depending on the patients’ age, size, and gender. Interestingly, there was no 
difference between smokers and non-smokers. It has already been shown that higher preop-
erative maximal inspiratory pressure was significantly associated with shorter LOS in 
colorectal surgery [41, 39]. Furthermore, a randomized study showed that pulmonary 
function was better preserved after laparoscopic colorectal resection (mean PEF 216 L/min) 
with consequent decreased pulmonary complications [42].

Feasibility of a prospective study is based on recruitment and compliance to the inter-
vention [43]. In the present study, the patient recruitment rate was low (15%), as a large 
majority refused to participate due to lack of interest. The clear reasons for refusals were not 
formally collected in this study. Problems related to the organization of recruitment on the 
surgeon’s side were also noted (lack of time and organization). However, although the sample 
size was limited, once the study has been accepted by the patients, the overall acceptability of 
the intervention was good, with 85% of them having completed the study (15% did not due to 
technical problems related to the bracelet or withdrawal of consent). As described previously 
in another colorectal surgery cohort, patient engagement represented a major obstacle for the 
success of a prospective study assessing physical activity [43]. The present study should be 
considered as pilot and has highlighted the logistical issues and the challenges in recruiting 
patients to assess their physical activity. Additional prospective investigations are required to 
validate correlations between physical activity and outcomes specifically in colorectal surgery.

Several limitations of the present study need to be addressed. The device used was an 
entry-level model that only measured daily footsteps, thus preventing any additional measures, 
such as minutes spent in light, moderate, and vigorous activity, but also sedentary time. 
Moreover, there is no literature on its accuracy and precision. The algorithms to count steps 
could be notoriously flawed, and the numbers may therefore be way off. Validity varied widely 
between commercially available devices. For example, in a validation study, the Apple Watch 
was the most accurate for step count in free-living conditions, while other models (iHealth 
Edge, Misfit Shine) underestimate or overestimate the number of step [44]. Another study 
found that four different wrist-worn monitors could not adequately measure the number of 
steps in a population of older adults using rollators [45]. Also, setting the step length to 75 cm 
has certainly introduced a bias, especially in the postoperative phase, where step length might 
have dropped. For practical reasons, the 6MWT test was measured using the accelerometer, 
and not by the distance covered in the corridor, which could also introduce biases. Otherwise, 
the patient recruitment rate (15%) was low. One hypothesis is that patients had to constantly 
wear their accelerometer on the dominant hand, which may be uncomfortable for some of 
them in their daily activities. Another hypothesis is that patients may be scared to be followed 
in their movements, even if it was not geolocated. Potential systematic errors arising from 
selection bias were possible, whereas more health-conscious individuals tend to participate in 
studies involving measurements of physical fitness. An overestimation of the number of steps 
was also possible, since a patient who became aware of having an accelerometer might be 
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walking more. Otherwise, due to the lack of preliminary data and available studies, the sample 
size was estimated based on clinical considerations, which explains its small size. Furthermore, 
the number of events may have obscured potential predictors of poor outcomes. Finally, given 
the underpowered sample, some potential correlations and subtypes of complications were 
not analysed, such as the occurrence of pulmonary complications based on PEF, for example, 
or age and malignancy which were not taken as co-factors in the various analysis. There may 
not be a strong link between physical activity and grade I complications, like urinary retention 
or superficial infection, but rather to cardiorespiratory complications which were not prev-
alent in this cohort (6%). Thus, the relationship with walking fitness and complications may 
not be linear and not to all complications. 

Conclusions

Colorectal surgery patients with complications were elderly, had decreased PEF, and 
walked less postoperatively. Objectively measured physical performance is an important 
factor in perioperative risk assessment, and 6MWT could be used preoperatively to discrim-
inate patients with potentially increased LOS and in a need of a prehabilitation strategy and 
fostered postoperative mobilisation strategies.
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