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Introduction

As healthcare in the United States transforms towards 
an outcomes based reimbursement system, process 
improvement has become an important aspect for financial 
sustainability (1,2). The goal of any healthcare process 
modification is improving the value of the healthcare 
encounter (3). Value, in medicine, is defined by patient 

outcomes divided by the overall cost. Efforts to reduce 
inpatient complications and lengths of stay (LOS) 
ultimately reduce costs and therefore improve the value 
quotient. The implementation of an enhanced recovery 
after surgery (ERAS) protocol, designed in Denmark in the 
1990s to streamline processes of the perioperative period 
for surgical patients, has improved the value in abdominal 
surgery (4). In the last 15 years, many health systems across 
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the globe have implemented many, if not all, of the ERAS 
concepts with significant improvement in surgical outcomes 
(5,6). However, it is not always clear which aspect of the 
ERAS protocol is the most effective in reducing LOS and/
or reducing overall complications.

We sought to focus specifically on the effects of 
postsurgical ambulation on inpatient LOS for patients 
undergoing bowel resection surgery. The multiple 
physiological benefits of patient ambulation have been 
documented including the prevention of muscular and 
cardiovascular deconditioning (7), reducing the risk of 
pulmonary and thromboembolic events (8), and stimulating 
gastrointestinal recovery through prokinetic effects (9). 

We developed a low-cost ambulation team dedicated 
solely to ensure ambulation goals of 3 times per day were 
met. These ambulation technicians had no formal training 
(i.e., physical therapy, nursing, physician assistant, etc.) but 
were educated on patient safety, fall prevention, and proper 
lifting techniques. Any patient with ambulation restrictions 
was seen by the physical therapy team. With the focus on 
improving the overall value of our process, we evaluated 
the impact of ambulation participation on post-surgical 
outcomes. 

Methods

Between January 1, 2014 and December 1, 2016, all patients 
undergoing an elective small intestine or colon resection 
procedure were offered daily ambulation assistance by 
dedicated ambulation technicians. Patient’s rights were 
preserved and were allowed to refuse ambulation if they 
did not want to participate. Clinical data was gathered 
prospectively and included patient participation, patient 
refusal, missed ambulation events, and overall LOS. LOS 
was recorded as total number of hours admitted to the 
hospital. An ambulation event was considered successful 
if a distance greater than 10 feet was achieved. The total 
distance for each ambulation event and the number of 
mobilizations per day was recorded. The research was 
approved by the Institutional Review Board (IRB) and all 
discharging physicians were blinded to the specific data 
collected and to ambulation participation. All patients, 
except for one, were fully ambulatory prior to surgery with 
one needing assistance to ambulate.

The optimal daily ambulation was determined to 
be 3 times per day. The three possible scores were an 
ambulation, a refusal, and a missed opportunity. A refusal 
was any time an ambulation technician offered to assist the 

patient to ambulate, but the patient specifically refused. 
Missed opportunities included a patient absent from his or 
her room when the ambulation technician arrived, less than 
10 feet were ambulated for the session, or the ambulation 
team was not available. 

The ambulation completion percentage, refusal 
percentage, and missed percentages were compared, to 
the total possible encounters during the patient’s stay. The 
refusal to completed ambulation ratio was calculated by 
comparing refusals against the total number of successful 
mobilizations. This calculation was performed to compare 
solely the patient’s participation without regard to absences 
by the ambulation team. Other data analysis compared the 
number of mobilizations per LOS day and mobilization 
distance per LOS day against overall LOS.

Skewness and kurtosis statistics were performed on all 
continuous variables to assess the assumption of normality. 
Any skewness or kurtosis statistic above an absolute value of 
2.0 was assumed non-normal. Levene’s Test of Equality of 
Variances was used to test the assumption of homogeneity 
of variance. In the event that a statistical assumption of a 
parametric between-subject comparison occurred, a non-
parametric Mann-Whitney U test was utilized. Biserial 
and Spearman’s rho correlations were used to establish 
associations with ambulation. All analyses were conducted 
using SPSS Version 22 (Armonk, NY: IBM Corp.) and 
statistical significance was assumed at a Bonferroni 
corrected alpha value to adjust for multiple comparisons, 
when appropriate.

Results

Between January 1, 2014 and December 1, 2016, 127 
consecutive patients underwent bowel resection within an 
ERAS protocol. There were 68 women and 59 men. Ages 
ranged from 22 to 89 years with a median of 61 years. The 
127 patients were divided into 68 laparoscopic procedures 
and 59 open procedures (see Table 1).

When evaluating the entire cohort, the median LOS 
(mLOS) for those that missed a day of ambulation (i.e., 
three consecutive ambulation events) was 159 hours  
(6.6 days) compared to 87 hours (3.6 days) for those that 
ambulated every day (P<0.001). When selecting those that 
underwent a laparoscopic surgery and missed a 24-hour 
period of ambulation, the mLOS increased from 78.5 hours 
(3.3 days) to 134.0 hours (5.6 days) (P<0.001), whereas the 
LOS for the open procedures increased from 99.5 hours  
(4.1 days) to 172 hours (7.2 days) (P=0.010) (see Table 2). 
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For the cancer vs. noncancer cohorts that similarly missed 
a full day of ambulation, the cancer patients increased 
their mLOS from 78.0 hours (3.3 days) to 146.0 hours (6.1 
days), P<0.001, and the noncancer patients increased their 
mLOS from 95.5 hours (4.0 days) to 172.0 hours (7.2 days) 
(P<0.001) (see Table 3).

For those that specifically refused to participate in 
at least one ambulation event, the LOS increased from  
96 hours (4.0 days) to 113.5 hours (4.7 days) for those 
that did not refuse (P=0.004). When evaluating those that 
underwent an open procedure, the LOS increased from  
100.0 hours (4.2 days) to 166.0 hours (6.9 days) (P=0.020). 
There was no significant difference in LOS for laparoscopic 
patients that refused ambulation (see Table 2). When 
evaluating for cancer patients, mLOS increased from  
95.0 hours (4.0 days) to 119.0 hours (5.0 days) (P=0.040), 
when ambulation was refused compared to an increase in 
mLOS from 100.0 hours (4.2 days) to 108.0 hours (4.5 days), 

P=0.049, for noncancer patients (see Table 3).
The ambulation completion percentage, defined as the 

ratio of completed ambulation attempts to the total possible 
opportunities, was found to have a negative correlation on 
LOS when comparing all 127 patients (r=−0.536, P<0.001). 
When comparing laparoscopic patients, the ambulation 
completion ratio was similar (r=−0.642, P<0.001) to that of 
the open cohort (r=−0.307, P=0.018) (see Table 4).

Missed ambulation attempts correlated with greater 
mLOS. As the ratio of missed ambulation attempts to total 
ambulation attempts increased, the LOS increased for 
all patients (r=0.483, P<0.001). As the ratio of refusals to 
successful ambulation attempts increased for all patients, 
mLOS increased (r=0.299, P=0.001). Furthermore, as 
the ratio of the combined refusals and missed ambulation 
attempts compared to total ambulation attempts increased, 
LOS increased for all patients (r=0.51, P=0.001). There 
was no statistical difference when comparing cancer versus 

Table 1 Bowel surgeries performed

Surgery
Small  
bowel

Right  
colon

Transverse  
colon

Left  
colon

Sigmoid  
colon

Rectum
Subtotal 

colectomy
Total  

colectomy

Laparoscopic 6 23 2 2 28 2 3 2

Open 30 7 5 2 11 3 1 0

Total 36 30 7 4 39 5 4 2

Table 2 Missed ambulation and refusals impacting length of stay (LOS) for all cases

Ambulation 
participation

All 127 patients Laparoscopic Open

Yes No P value Yes No P value Yes No P value

Missed 24-hour period 
of ambulation? 

159.0  
(136.8)

87.0  
(31.0)

<0.001 134.0  
(132.0)

78.5  
(31.0)

<0.001 172.0  
(146.0)

99.5  
(108.0)

0.010

Refused at least one 
ambulation?

113.5  
(130.0)

96.0  
(53.8)

0.004 100.0  
(69.0)

83.0  
(55.0)

0.250 166.0  
(188.0)

100.0  
(43.0)

0.020

All values are listed as mLOS hours with interquartile ranges listed in parentheses.

Table 3 Missed ambulation and refusals impacting length of stay (LOS) for cancer vs. non-cancers 

Ambulation participation
Cancer Non-cancer

Yes No P value Yes No P value

Missed 24-hour period of ambulation? 146.0  
(138.0)

78.0  
(32.0)

<0.001 172.0  
(137.0)

95.5  
(29.3)

<0.001

Refused at least one ambulation? 119.0  
(120.0)

95.0  
(52.5)

0.040 108.0  
(148.0)

100.0  
(95.0)

0.049

All values are listed as mLOS hours with interquartile ranges listed in parentheses.
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non-cancer patients or comparing laparoscopic versus open 
procedures (see Table 4).

Participation in ambulation for all three ambulation 
sessions each day was a predictor of a reduced LOS. As 
the distance mobilized per LOS day while in the hospital 
increased, LOS subsequently decreased for all patients 
(r=−0.393, P<0.001). Ambulation distance per LOS day 
remained a negative predictor for the laparoscopic cohort 
(r=−0.463, P<0.001) and the open patients (r=−0.283, 
P=0.030) (see Table 4).

As expected, complications predicted greater mLOS 
during the hospital stay. The development of a major 
complication in the recovery period correlated with an 
increase in mLOS from 101.0 hours (4.2 days) to 343.0 hours 
(14.3 days), P<0.001. Additionally, patients that returned 

to the operating room for a similar operation within  
90 days were noted to have had an increased mLOS during 
their initial hospital stay. The initial mLOS was 101 hours  
(4.2 days) for those with no return to the operating room 
within 90 days vs. 364 hours (15.2 days) for those that 
eventually required reoperation, P<0.001 (see Table 5).

When evaluating inpatient variables, increasing use 
of narcotics, measured using total morphine equivalence 
(TME), were found to have a higher mLOS (r=0.548, 
P<0.001). Additionally, patients who used a patient-
controlled analgesia (PCA) pump (r=0.213, P=0.011) 
correlated with a higher mLOS. Interestingly, patients with a 
higher average reported pain score (r=−0.284, P=0.006) had 
a lower mLOS. Clinically, patients with a history of chronic 
obstructive pulmonary disease (COPD) (r=0.251, P=0.003), 

Table 4 Correlation of ambulation participation and distance with length of stay (LOS)

Ambulation participation
All 127 patients Laparoscopic Open

Correlation (r) P value Correlation (r) P value Correlation (r) P value

Ambulation completion 
percentage

−0.536 <0.001 −0.642 <0.001 −0.307 0.018

Refusal percentage 0.113 0.205 0.063 0.609 0.050 0.704

Missed percentage 0.483 <0.001 0.564 <0.001 0.319 0.014

Refusal to completed percentage 0.299 0.001 0.220 0.071 0.225 0.086

Ambulation distance per LOS hour −0.393 <0.001 −0.463 <0.001 −0.283 0.030

Distance per ambulation −0.127 0.155 −0.054 0.662 −0.192 0.145

Table 5 Impact of complications on median length of stay (mLOS)

Complications after 
surgery

All 127 patients Laparoscopic Open

Yes No P value Yes No P value Yes No P value

Minor complication* 233.0  
(237.0)

99.0  
(53.0)

<0.001 198.0  
(263.0)

96.0  
(42.0)

<0.001 253.0  
(268.0)

104.0  
(87.0)

<0.001

Major complication† 343.0  
(351.0)

101.0  
(89.0)

<0.001 414.5  
(301.0)

97.0  
(49.0)

0.002 307.0  
(351.0)

129.0  
(97.0)

0.004

Returned to OR for 
any complication

364.0  
(243.0)

101.0  
(95.0)

<0.001 393.5  
(292.0)

97.5  
(51.0)

0.030 364.0  
(312.0)

129.5  
(109.0)

0.004

All values are listed as mLOS hours with interquartile ranges listed in parentheses. *, a minor complication included cellulitis, seroma, 
serosanguineous wound drainage, prolonged ileus (>5 days), urinary retention, urinary tract infection, Foley catheter reinsertion, 
leukocytosis, and fever; †, a major complication included wound dehiscence, incisional hernia, wound evisceration, deep wound infection, 
intraabdominal abscess, blood transfusion, fistula, anastomotic dehiscence, deep vein thrombosis, pulmonary embolus, arrhythmia, 
myocardial infarction, pneumonia, fall, cerebral vascular accident, delirium/encephalopathy, respiratory failure, intubation, ARDS, sepsis, 
ICU admission, GI bleed, C. difficile infection, seizures, or death. OR, operating room; ARDS, acute respiratory distress syndrome; ICU, 
intensive care unit; GI, gastrointestinal.
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and patients with a history of diabetes type I (r=0.160, 
P=0.041) were all found to have higher mLOS (see Table 6).

When clinical variables that impacted the ambulation 
completion percentage were evaluated, increasing use of 
narcotics (r=−0.278, P=0.036) and a clinical history of COPD 
(r=−0.199, P=0.049) both led to a decreased percentage of 
successful ambulation attempts (see Table 7).

When comparing refusal percentage, 74 patients (58%) 
were in the low refusal group (<30%) vs. 53 patients 
(42%) in the high refusal group (>30%). The laparoscopic 
group had 22 patients (32%) in the high refusal group vs. 
31 patients (53%) in the open group. Notable findings 
included an increase in mLOS from 100.5 hours (4.2 days) 
to 143.0 hours (6.0 days) for patients that refused greater 
than 30% of ambulation attempts. Patients that refused 
greater than 30% of ambulation attempts were 2.38 times 
more likely to have a diagnosis of a psychiatric disorder 
[P=0.03; 95% confidence interval (CI), 1.10–5.14]. Patients 
who had a complication noted in their discharge summaries 
tended to refuse greater than 30% of ambulation attempts. 
Patients in the greater refusal cohort were 2.85 times more 
likely to experience a minor complication (P=0.02; 95% CI, 
1.14–7.14) and 2.79 times more likely to experience either a 
minor or major complication (P=0.009; 95% CI, 2.79–6.13), 
(see Table 8). 

Discussion

The enhanced recovery philosophy emphasizes a 
multimodal approach to improve surgical outcomes and 
reduce cost. This study focuses on one aspect of ERAS; 
specifically, the impact of ambulation after bowel resection 
surgery. 

Our analysis found a correlation with failure to ambulate 
and longer mLOS. For those patients that missed at least  
1 day of ambulation, their mLOS increased by 2.3 days for 
the laparoscopic cohort and by 3.1 days for the open surgical 
cohort. Additionally, as they missed each ambulation 
attempt, a direct correlation with increased LOS resulted 
for the laparoscopic cohort (r=0.564, P<0.001) and the open 
surgical cohort (r=0.319, P=0.014). As a corollary, refusing 
at least one ambulation in the hospital increased LOS by 
2.7 days for the open surgical cohort. As patients refused a 
greater number of ambulation visits, there was an increased 
LOS in the hospital for all patients (r=0.299, P=0.001). 
Conversely, ambulating a greater distance decreased the 
mLOS in both the laparoscopic cohort (r=−0.463, P<0.001) 
and the open cohort (r=−0.283, P=0.030). 

Table 6 Multivariate analysis of co-morbidities with median length 
of stay (mLOS) 

Variables Correlation coefficient P value

Total morphine equivalence 
(TME)

0.548 <0.001

Average post-surgical pain 
score

−0.284 0.006

Use of PCA 0.213 0.011

PMH: COPD 0.251 0.003

PMH: diabetes, type I 0.160 0.041

PMH: psychiatric disorder 0.087 0.302

PMH: mobility disorder 0.134 0.121

Duration of surgery (min) 0.113 0.138

BMI 0.001 0.995

PMH: tobacco usage −0.133 0.138

Chronic pain −0.132 0.151

On pain meds before surgery 0.062 0.473

Use of Alvimopan −0.103 0.249

PMH: diabetes, type II 0.221 0.120

PCA, patient-controlled analgesia; COPD, chronic obstructive 
pulmonary disease; PMH, past medical history; BMI, body mass index.

Table 7 Multivariate analysis of co-morbidities and ambulation 
completion percentage 

Variables Correlation coefficient P value

TME −0.278 0.036

COPD −0.199 0.049

Psychiatric disorder −0.113 0.277

Mobility disorder 0.059 0.578

Duration of surgery (min) −0.126 0.226

BMI 0.033 0.744

Tobacco usage 0.187 0.091

Chronic pain 0.078 0.489

On pain meds before surgery −0.032 0.763

Pain score after surgery 0.011 0.926

Use of Alvimopan 0.105 0.338

Use of PCA −0.060 0.557

Diabetes, type I −0.078 0.411

Diabetes, type II −0.051 0.612

TME, total morphine equivalence; COPD, chronic obstructive 
pulmonary disease; BMI, body mass index; PCA, patient-
controlled analgesia.
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Table 8 Predictors of ambulation refusal >30% of possible ambulation events 

Variables Low refusals group (<30%) (n=74) High refusals group (>30%) (n=53) P value

mLOS, mean (interquartile range) (hours) 100.5 (75.5) 143.0 (146.5) N/A

BMI (kg/m2) 28.2 27.3 0.380

PMH obesity, n (%) 26 (35.1) 14 (26.4) 0.300

PMH morbid obesity, n (%) 3 (4.1) 1 (1.9) 0.640

ETOH use, n (%) 3 (4.1) 4 (7.5) 0.450

GERD, n (%) 30 (40.5) 15 (28.3) 0.160

Diabetes, type I, n (%) 5 (6.8) 4 (7.5) 0.560

Diabetes, type II, n (%) 16 (21.6) 5 (9.4) 0.070

Thyroid disease, n (%) 8 (10.8) 9 (17.0) 0.310

COPD, n (%) 8 (10.8) 9 (17.0) 0.310

Mobility disorder†, n (%) 26 (35.1) 19 (35.8) 0.930

Psychiatric disorder*, n (%) 17 (23.0) 22 (41.5) 0.030

Smoking, n (%) 31 (41.9) 29 (54.7) 0.150

Duration of surgery (minutes) 248.6 232.8 0.420

Total morphine equivalence (TME), mean 
(interquartile range) 

36 (62.8) 46 (89.5) 0.630

Average postop pain score 6.1 6.5 0.580

Use of epidural, n (%) 1 (1.4) 0 (0) 0.580

IV Tylenol, n (%) 63 (85.1) 46 (86.8) 0.790

Use of Alvimopan, n (%) 36 (48.6) 19 (35.8) 0.150

Use of PCA, n (%) 28 (37.8) 27 (50.9) 0.140

Return to OR within 90 days, n (%) 12 (16.2) 7 (13.2) 0.640

Intervention for minor complication within 
90 days, n (%)

19 (25.7) 17 (32.1) 0.430

Intervention for major complication within 
90 days, n (%)

18 (24.3) 15 (28.3) 0.610

Intervention for any complication within 90 
days, n (%)

24 (32.4) 21 (39.6) 0.400

Minor complication, n (%) 9 (12.2) 15 (28.3) 0.020

Major complication, n (%) 8 (10.8) 12 (22.6) 0.070

Any complications, n (%) 15 (20.3) 22 (41.5) 0.009

*, includes diagnoses of depression, anxiety, ADHD, insomnia, bipolar disorder, and schizophrenia; †, includes diagnoses of scoliosis, 
foot drop, restless leg syndrome, chronic leg swelling, osteoporosis, ankylosing spondylitis, chronic pain, osteoarthritis, osteomyelitis, 
degenerative joint disease, degenerative disc disease, spondylolysis, spinal stenosis, sarcoidosis, and multiple sclerosis. mLOS, median 
length of stay; BMI, body mass index; PMH, past medical history; ETOH, ethanol; GERD, gastroesophageal reflux disease; COPD, chronic 
obstructive pulmonary disease; IV, intravenous; PCA, patient-controlled analgesia; IV, intravenous; OR, operating room; ADHD, attention-
deficit hyperactivity disorder.
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The amount of narcotic used influenced mLOS and 
ambulation participation. Both TME narcotic usage (TME) 
used (r=0.548, P<0.001) and use of a PCA following surgery 
(r=0.213, P=0.011) were strong predictors for increased 
LOS. In addition, post-surgical narcotic usage (TME) 
correlated with decreased participation in ambulation 
completion (r=−0.278, P=0.036). As a corollary, patients in 
the low refusal group (see Table 7) received a significantly 
lower amount of narcotics following surgery when 
compared to the high refusal group. A higher average post-
surgical pain score also correlated with a decreased mLOS 
(r=−0.284, P=0.006) suggesting that reducing pain scores 
through increase use of narcotics may prolong mLOS. 
This data further supports the value of multi-modality pain 
control including non-narcotic pain medication to decrease 
narcotic use and still ensure lower pain scores. 

Pre-operative health status also influenced mLOS. 
Those with COPD (r=−0.199, P=0.049) and those with 
psychiatric disorders (P=0.03; 95% CI, 1.10–5.14) had lower 
ambulation participation and increased LOS. Those with 
insulin dependent diabetes mellitus had a longer mLOS 
(r=0.160, P=0.041). Other co-morbidities including body 
mass index (BMI), tobacco use, chronic pain, prior narcotic 
use, and mobility limitations did not impact mLOS. Lee 
et al. previously observed an impact on surgical outcomes 
in those with a psychiatric diagnosis (10). In our cohort, 
those being treated for depression, anxiety, bi-polar disease, 
attention-deficit hyperactivity disorder (ADHD), insomnia, 
and schizophrenia were noted to have a longer mLOS and 
an increased refusal rate .

Refusal to ambulate correlated with those that eventually 
developed a complication. Those that eventually developed 
a post-operative complication were more likely to be in 
the higher refusal group, P=0.009. Thorn et al. suggested 
that patient compliance may be a marker of underlying 
complications. If patients are not engaged in their recovery, 
there may be a physiologic reason for refusal (i.e., a 
developing abscess). They suggest an active pursuit of the 
reasons for those not participating in an enhanced recovery 
program (11). Additionally, all enhanced recovery programs 
rely on optimally performed surgeries. Intraoperative 
decisions impact outcomes (12). Ambulation refusal may be 
an early marker of potential complications along with other 
physiologic parameters.

Cancer and noncancer cohorts were compared separately 
to elucidate any differences in outcomes. Overall, a cancer 
diagnosis did not significantly impact mLOS compared 
to non-cancer diagnoses, though, in patients that missed a  

24-hour period without ambulation, the mLOS for a cancer 
patient was 6.1 vs. 7.2 days for non-cancer patients. Sixty-five  
percent of cancer patients refused less than 30% of 
ambulation attempts compared with only 51% of noncancer 
patients who refused less than 30% of ambulation attempts.

Active patient participation both mentally and physically 
in ERAS is important. Forsmo et al. noted engaging their 
patient cohort significantly contributed to shorter LOS. 
An active role in recovery reduces LOS vs. a passive  
approach (13). Bakker et al. highlighted the importance 
of adherence to the ERAS protocols for optimal success 
including patient participation. Adherence requires 
the patient care team, the patient, and the patient’s 
social support team to be engaged in all aspects of  
recovery (14). A recent study which focused solely on 
laparoscopic colorectal surgery by Pisarska et al. (15) 
found positive correlations between increasing compliance 
in mobilization and decreases in complication rate. 
Additionally, they found evidence suggesting compliance 
in early ambulation improved tolerance of oral diet on 
the first postoperative day and a decreased LOS. Delaney 
et al. highlighted the impact of ERAS for both open and 
laparoscopic colon surgery. LOS and complications were 
reduced by entering all colon resection patients into 
an ERAS protocol and ensuring compliance across the 
multidisciplinary spectrum (16). 

From a financial perspective, reduced postsurgical 
complications and decreased LOS decrease the resource 
use of additional inpatient days. In our current diagnosis-
related group (DRG) formula for reimbursement, loss of 
revenue for the hospital system is determined by missed 
opportunities for income often caused by prolonged 
LOS. In 2010, the reimbursement for the hospital system 
for a partial colectomy was approximately $19,000 (17). 
Reduction in LOS in a DRG reimbursement model 
increases the opportunity for additional procedures to 
be performed and indirectly increases hospital income. 
However, the DRGs for a specific procedure may also be 
reduced if the LOS is not long enough (i.e., it is greater 
than 1 day less than geometric mean for that DRG). Recent 
data released by Becker’s Healthcare estimates the cost for 
an inpatient stay in Tennessee varies from $1280 to $1880 
per day as an inpatient (18). A reduction in only 1 day from 
the LOS for calendar day for the surgical floor would still 
add significant value to the process and could be used to 
justify the cost of dedicated ambulation resources (19). 

Our study also revealed three areas to improve 
compliance of our ERAS protocol. First, ambulation 
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resources are critical to ensure ambulation compliance. 
Daily ambulation requires collaboration between hospital 
resources, patient education and available personnel. 
Second, aggressive non-opioid pain medication regimens 
are critical to maintain a low mLOS. The increasing use of 
narcotics especially with a PCA prolonged the LOS. Third, 
refusal of ambulation often predicted the development 
of a post-operative complication. The ambulation team 
does need to alert the surgical team of patient refusals as 
underlying complications may be identified in a more-timely 
fashion. 

Our study does have several weaknesses. First, the 
study focused on a single surgical floor with a dedicated 
ambulation technician. The total number of cases was 
limited secondary to this limited focus and other bowel 
resection cases were not included if recovered on other 
floors. Second, we did not record the reason for patient 
refusal. Therefore, we cannot say if the refusal was due 
to poor pain control, active complications (fever, emesis, 
increasing oxygen dependence), patient choice or lack of 
effort by the ambulation team. Regardless of the reason, we 
focused on ambulation as a binary event that either occurred 
or did not. Patients were encouraged to ambulate beyond 
the 3 formal times with the ambulation team, but, if they 
occurred, we did not capture them. Finally, documentation 
of reasons for increased narcotic use was limited. The 
narcotic use was based on patient request and reported pain 
score though the higher pain scores were associated with 
lower mLOS.

In summary, in our analysis of patients undergoing bowel 
resection surgery, participation in daily ambulation had 
a significant impact on ensuring a reduced LOS. Patient 
refusal to ambulate or missing an entire day of ambulation 
significantly increased the LOS. A dedicated ambulation 
team has allowed our institution to improve the value of 
care offered by improving clinical outcomes at minimal 
cost. Continued improvement in outcomes within an 
enhanced recovery program may come through focusing 
on ambulation participation, reducing narcotic use, and 
focusing on high-risk clinical groups. 
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