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Background: Minimally invasive surgery (MIS) and enhanced recovery protocols (ERPs) have improved
postoperative recovery and shortened length of hospital stay (LOS). Telemedicine technology has
potential to improve outcomes and patient experience further. This study was designed to determine
whether the combination of MIS, ERP and a structured telemedicine programme (TeleRecovery) could
shorten total 30-day LOS by 50 per cent.
Methods: This was a phase II prospective RCT at a large academic medical centre. Eligible patients
aged 18–80 years undergoing minimally invasive colorectal resection using an ERP were randomized
after surgery. The experimental arm (RecoverMI) included accelerated discharge on postoperative day
(POD) 1 with or without evidence of bowel function and a televideoconference on POD 2. The
control arm was standard postoperative care. The primary endpoint was total 30-day LOS (postope-
rative stay plus readmission/emergency department/observation days). Secondary endpoints included
patient-reported outcomes measured by EQ-5D-5L™, Brief Pain Inventory (BPI) and a satisfaction
questionnaire.
Results: Thirty patients were randomized after robotic (21 patients) or laparoscopic (9) colectomy,
including 14 patients in the RecoverMI arm. Median 30-day total LOS was 28⋅3 (i.q.r. 23⋅7–43⋅6) h in the
RecoverMI arm and 51⋅5 (43⋅8–67⋅0) h in the control arm (P = 0⋅041). There were no differences in severe
adverse events or EQ-5D-5L™ score between the study arms. The BPI revealed low pain scores regardless
of treatment arm. Satisfaction was high in both arms.
Conclusion: In patients having surgery for colorectal neoplasms, the trimodal combination of MIS, ERP
and TeleRecovery can reduce 30-day LOS while preserving patients’ quality of life and satisfaction.
Registration number: NCT02613728 (https://clinicaltrials.gov).
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Introduction

Colorectal cancer is the third commonest cancer in the
USA, with 135 000 new cases diagnosed during 20171.
The majority of patients are treated by radical surgical
resection2,3. Surgery for colorectal cancer has improved
as a result of minimally invasive procedures (MIS) and
the implementation of enhanced recovery after surgery
(ERAS) programmes. Their use has reduced perioperative

morbidity and reduced length of hospital stay (LOS)4–6.
The combination of ERAS principles and advances in
MIS have inspired the concept of accelerated postoperative
pathways for discharge7–9.

The potential for short-stay surgery with next-day
discharge after colorectal resection has been shown in
highly selected, small, retrospective single-surgeon or
single-institution studies7,8. Implementation of short-stay
colorectal resection could further improve outcomes and
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reduce healthcare resource use. However, concerns about
lack of clinical supervision and the perceived need for
return of bowel function before discharge may impair its
adoption. To date, short-stay accelerated recovery has not
been evaluated in a randomized study.

The use of telemedicine technology after surgery has
been explored for a variety of surgical procedures and
may support the implementation of short-stay colorectal
resection10–13. Telemedicine allows remote monitoring of
patients after discharge, to allow prompt intervention for
complications, and provides an additional means of com-
munication between provider and patient.

The aim of this study was to examine the safety and
efficacy of an accelerated recovery pathway using the tri-
modality combination of MIS, an ERAS programme and a
telemedicine technology in patients undergoing resection
of colorectal cancer in a single-centre phase II RCT.

Methods

RecoverMI is an investigator initiated, single-institution,
phase II randomized trial of short-stay colorectal resec-
tion comparing the use of MIS, an ERAS programme
and a structured telemedicine programme (TeleRecov-
ery) with early discharge versus standard postoperative
care. This study was approved by the Institutional Review
Board at the University of Texas MD Anderson Cancer
Center (MDACC), and registered with clinicaltrials.gov
(NCT02613728). Details of the trial design have been
published previously14.

Participants

English-speaking patients aged 18–80 years undergoing
surgery with curative intent for colonic or rectal cancer
at MDACC were eligible for inclusion in the study. Con-
sidering the personnel support for the study and the timing
of follow-up, eligible patients underwent surgery on Mon-
day, Tuesday or Wednesday. Patients with endoscopically
unresectable polyps requiring surgical management were
also eligible. The planned surgical resection had to be per-
formed by laparoscopic or robotic surgery, and the surgeon
had to plan for primary anastomosis without creation of an
ostomy14. Patients were approached at their preoperative
clinic visit regarding participation in the study.

Exclusion criteria included patient-reported history of
severe postoperative nausea/vomiting. Patients with a
serum creatinine level above 1⋅5 ng/ml, measured within
30 days of surgery, or a history of congestive heart failure,
defined as ejection fraction of 40 per cent or less, or of more
than 40 per cent with associated systemic signs of heart

failure, were also excluded. Finally, any patients requiring
conversion to open surgery or in whom an ostomy was
necessary at completion of surgery were removed from the
study and not randomized14.

Interventions

Details of the interventions used in the trial have been
described previously14. Briefly, all patients enrolled in the
study had standardized preadmission, preoperative and
intraoperative care, including mechanical bowel prepa-
ration with oral antibiotics, narcotic-sparing anaesthesia,
goal-directed fluid management and MIS (laparoscopic
or robotic). Full details of perioperative care are shown
in Appendix S1 (supporting information). The MDACC
ERAS programme is compliant with standard guidelines,
except for the omission of preoperative carbohydrate load-
ing, the allowance of pelvic drains following proctectomy,
and the restriction of diet to liquids on POD 0 with
advancement if tolerated on POD 115 (Table S1, supporting
information). All patients were discharged from hospital to
either their own home or hotel lodging in the immediate
surrounding area. Patients were required to reside within
travelling distance (2–3 h) of the hospital after discharge.

Patients randomized to the RecoverMI arm were dis-
charged on POD 1 if they were afebrile, had satisfactory
pain control with oral analgesics and were able to maintain
hydration with oral intake of fluids. At discharge, a Tel-
eRecovery appointment was scheduled with the surgical
team on POD 2. Patients were given instructions on how
to perform videoconferencing and instant messaging, and
were provided with an iPad® (Apple, Cupertino, Califo-
rnia, USA) with WiFi and cellular data capability for
communication. The trial coordinator monitored the
instant messaging and communicated with the healthcare
team. Physician assistants within the colonic and rectal
surgery section at MDACC conducted the televideo-
conferences. The study protocol allowed for outpatient
intravenous fluid hydration at an ambulatory infusion
centre on POD 2 and/or POD 3 when the patient was
identified to have inadequate oral intake or thought to
be at high risk of dehydration during the scheduled
televideoconference or other unscheduled telemedicine
communications with the surgical team. Inadequate oral
intake was defined as less than 1 litre of oral fluid intake
per day and urine output of less than 0⋅3 ml per kg per h
for 8 h.

Patients randomized to the control arm had routine
postoperative management and were eligible for discharge
once they were able to maintain oral liquid intake, had
satisfactory pain control with oral analgesics, and had either
passed flatus or had a bowel movement.
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Fig. 1 CONSORT diagram for the trial
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Received intervention n= 14
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Allocated to control arm n= 16
Received intervention n= 16
Did not receive intervention n= 0

Lost to follow-up n= 0
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Patients had office-based follow-up within 14 days of
surgery and telephone follow-up by study personnel on
POD 30. Adverse events and complications including
readmissions and emergency department (ED) visits
within 30 days of surgery were monitored according to the
Clavien–Dindo classification16. Postoperative quality of
life (QoL) was assessed using the EQ-5D-5L™ (EuroQol
Group, Rotterdam, the Netherlands) and the Brief Pain
Inventory (BPI) at enrolment, discharge, first postopera-
tive clinic visit, and on POD 3017,18. Patient satisfaction
was evaluated at POD 30 with a 20-item questionnaire.

Outcomes

The primary outcome was total 30-day LOS in hours. Total
LOS was defined as the initial postoperative stay plus any
subsequent time spent in the ED, under observation or
readmitted to the hospital. The initial postoperative stay
was calculated from the time the patient left the operating
theatre to the time the discharge order was written. Any
time in the ED or during readmission was calculated from
arrival in the unit to the time the discharge order was
written.

Secondary outcomes included perioperative complica-
tions, QoL scores, pain scores and patient satisfaction.

Safety was ensured using a Bayesian stopping rule. Dur-
ing the study, the failure rate in the RecoverMI arm was
monitored such that the trial would be stopped early if it
was unacceptably high. Full details of safety monitoring are
shown in Appendix S2 (supporting information).

Sample size

Historical review before a formalized, comprehensive
ERAS programme demonstrated a mean length of stay
of 96 h. Based on the hypothesis that the RecoverMI
arm would result in a 50 per cent reduction in total
30-day LOS, it was calculated that 28 patients (14 per
treatment arm) would have 80 per cent power to detect
a mean difference of 48 h (assuming a common stan-
dard deviation of 42) in LOS between the two groups
using a two-sample t test and with a two-sided type
I error rate of 0⋅05 (nQuery Advisor® software ver-
sion 7.0; Statistical Solutions, Boston, Massachusetts,
USA)14.
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Table 1 Demographic and surgical details of patients

RecoverMI arm
(n=14)

Control arm
(n=16)

Age (years)* 58⋅7(12⋅6) 59⋅3(10⋅2)

Sex ratio (F : M) 8 : 6 6 : 10

White Caucasian ethnicity 10 10

ASA fitness grade

II 0 2

III 14 14

Charlson/Deyo co-morbidity score* 4⋅6(1⋅7) 5⋅0(1⋅9)

Type of surgery

Laparoscopic 4 5

Robotic 10 11

Surgical procedure

Right colectomy 8 8

Left colectomy 3 1

Low anterior resection 3 7

AJCC stage

I 6 5

II 4 6

III 2 4

IV 1

Unresectable polyp 1 1

*Values are mean(s.d.).

Randomization

Eligible patients were randomized after undergoing
minimally invasive colorectal resection and intraop-
erative anaesthesia using ERAS principles as detailed
above, with a 1 : 1 ratio to either RecoverMI or routine
care. Permuted-block randomization with variable block
size was utilized through the MDACC Clinical Trial
Conduct website (https://biostatistics.mdanderson.org/
ClinicalTrialConduct).

Statistical analysis

Continuous variables were compared between treatment
groups using the Wilcoxon rank sum test, and categorical
data using Fisher’s exact test. Summary scores were calcu-
lated based on standardized manuals associated with each
survey instrument. Mean EQ-5D-5L™ QoL scores along
with corresponding 95 per cent c.i. were plotted over time,
including baseline, discharge, postoperative follow-up
and POD 30, where a higher score represents a better
health condition. Similar plots were generated for the BPI
scores at the same time points; higher scores indicate more
severe pain. All statistical evaluations were two-sided.
P ≤ 0⋅050 was considered statistically significant. All statis-
tical analyses were carried out in SAS® version 9.3 (SAS
Institute, Cary, North Carolina, USA).

Results

Between 1 July 2016 and 22 August 2017, 63 eligible
patients under the care of five surgeons were identified,
of whom 32 were consented for participation. The reasons
why the remaining 31 patients did not participate are
shown in Fig. 1. One patient withdrew consent before
surgery and another after randomization. As a result, 16
patients were randomized to the control arm and 14 to the
RecoverMI arm. All patients completed the study and none
was lost to follow-up. Results were analysed according to
treatment arm.

Patients’ demographic, co-morbidity, surgical details
and AJCC cancer stage are shown in Table 1; there were
no differences between the groups. Throughout the study,
there was high compliance with the ERAS protocol, with
15 of 16 patients in the control arm and all 14 patients
in the RecoverMI arm receiving preoperative analgesic
medication according the MDACC ERAS programme

Table 2 Primary outcomes

RecoverMI arm (n=14) Control arm (n=16) P

Initial LOS (h) 0⋅002†
Mean(s.d.) (95 per cent c.i.) 28⋅2(10⋅7) (22⋅6, 33⋅8) 53⋅8(17⋅8) (45⋅1, 62⋅5)

Median (i.q.r.) 27⋅1 (23⋅0–29⋅1) 51⋅5 (43⋅8–67⋅0)

Total LOS (h) 0⋅041†
Mean(s.d.) (95 per cent c.i.) 80⋅4(142⋅6) (5⋅7, 155⋅1) 53⋅8(17⋅8) (45⋅1, 62⋅5)

Median (i.q.r.) 28⋅3 (23⋅7–43⋅6) 51⋅5 (43⋅8–67⋅0)

Clavien–Dindo grade* 0⋅209‡
≥ III 2 0

I–II 3 0

*The highest grade of complication is reported; both patients with grade III complications requiring reoperation also had grade II complications (total of
3 patients with adverse events). LOS, length of hospital stay. †Wilcoxon rank sum test; ‡Fisher’s exact test.
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Table 3 Telemedicine contact rate (available to RecoverMI arm
only)

No. of patients
(n=14)

Successful completion of scheduled
televideoconference

13

Use of unscheduled telemedicine contact 10

Patient-initiated message

Clinical question 6

Non-clinical question 2

Patient-initiated televideoconference

Clinical question 2

Non-clinical question 1

(Table S1, supporting information). In addition, there
was no significant difference in goal-directed intraopera-
tive fluid administration between participants in the two
study arms.

Primary outcome

Median total 30-day LOS was 28⋅3 (i.q.r. 23⋅7–43⋅6) h
in the RecoverMI arm compared with 51⋅5 (43⋅8–67⋅0) h

in the control arm (P = 0⋅041). Similarly, median ini-
tial LOS was also shorter in the RecoverMI arm: 27⋅1
(23⋅0–29⋅1) h versus 51⋅5 (43⋅0–67⋅0) h in the control arm
(P = 0⋅002) (Table 2).

Secondary outcomes

Four patients in the RecoverMI arm returned to the hos-
pital for an ED visit (2 patients) or readmission (2). In
the control arm, one patient returned to the ED for eval-
uation of leg swelling, but was discharged after excluding
deep vein thrombosis. In the RecoverMI arm, one patient
attended the ED with increased abdominal pain more than
1 week after discharge, but was subsequently discharged
home. Another patient developed Clostridium difficile colitis
and required observation. One patient developed an ana-
stomotic leak after total mesorectal excision without dive-
rsion, and required readmission and reoperation. Finally,
one further patient developed postoperative bowel obstruc-
tion owing to a port-site hernia, and required readmission
and reoperation. None of these complications resulting in
an ED visit or readmission was deemed to be related to
accelerated discharge. Throughout the study period, no
patient required outpatient parenteral fluid therapy.

Fig. 2 EQ-5D-5L™ results for RecoverMI and control arms of the trial
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Fig. 3 Brief Pain Inventory results for RecoverMI and control arms of the trial
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Telemedicine outcomes

The scheduled TeleRecovery assessment in the RecoverMI
arm was completed successfully for 13 of the 14 patients (93
per cent). One patient was discharged without the appro-
priate device and was unable to complete the telemedicine
encounter. Throughout the trial, contact with providers
was available to patients in the RecoverMI arm on demand,
via text messaging using the iPad or through televideocon-
ferencing (Table 3).

Quality-of-life and pain score outcomes

Neither the EQ-5D-5L™ index score nor the score on the
visual analogue scale (VAS) part of the instrument was
significantly different between patients in the RecoverMI
arm and those in the control arm (Fig. 2). The BPI score
was similar at baseline, initial postoperative clinic vis-
its and 30 days after surgery, but was significantly higher
in the RecoverMI arm compared with the control arm
at discharge: mean(s.d.) score 3⋅23(1⋅86) versus 1⋅80(1⋅63)
respectively (P = 0⋅052) (Fig. 3).

Patient satisfaction

Patient satisfaction was assessed at POD 30 using a
20-question custom-designed survey addressing multiple

aspects of the perioperative care pathway (Table S2, sup-
porting information). The response rate was 93 per cent
(13 of 14) and 88 per cent (14 of 16) in the RecoverMI
and control arms respectively. There were no significant
differences between the treatment arms for any of the
questionnaire items. Nearly all respondents in both arms
did not feel they needed to be kept in the hospital for a
longer period of time to recover from surgery (P = 0⋅462).

Discussion

The RecoverMI trimodal strategy of MIS, an ERAS
protocol and TeleRecovery reduced both 30-day total
and index LOS after colorectal cancer resection. This was
achieved without compromising patient satisfaction or
QoL, and with no increase in severe complications. This
confirms the feasibility and potential efficacy of short-stay
colorectal cancer resection.

The 30-day LOS for the control arm of just over 2 days
was shorter than expected based on historical data at study
design, but reflects the combination of MIS and impl-
ementation of a structured ERAS programme for colore-
ctal surgery in the unit before study activation. Although
it could be argued that the 2-day postoperative stay in
the control arm is already short, the further reduction in
LOS observed in the RecoverMI arm could potentially
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open pathways to ambulatory short-stay surgery after MIS
for colorectal cancer. There are many potential advantages
to ambulatory short-stay colorectal surgery, including a
more rapid return to normalcy, reduced resource util-
ization, potential for lower risk of exposure to hospital
pathogens, and the ability to stay with family locally or at
home while recovering. Although the discharge pain scores
were higher in the RecoverMI than in the control arm,
overall the scores were low. In addition, the difference is
probably because discharge, and hence the measurement
of the pain score at discharge, occurred 1 day earlier in the
RecoverMI arm.

The potential for selected patients to be discharged on
the first day after colorectal surgery has been reported in
retrospective studies7,8,19. However, prospective random-
ized trial data are important to eliminate the potential bias
of retrospective studies. Based on a clinically meaningful
50 per cent reduction in overall LOS, this phase II study
required enrolment of just over 30 patients to demon-
strate that short-stay colectomy could be accomplished in
a selected population with controllable morbidity.

Most previous studies of the use of telemedicine in the
postoperative setting have focused on replacing or sup-
plementing clinic visits11,20. The goal of telemedicine use
in the present study was to evaluate telemedicine as a
mechanism for supporting patients during their early post-
operative recovery, and serving as an adjunct to an early
discharge. Although no therapy was offered, TeleRecovery
enhanced communication between the patient and surgi-
cal team. This scheduled communication served as a mech-
anism for psychological support to patients participating in
an accelerated discharge programme. The ability to pro-
vide connectivity through televideoconferencing and text
messaging between the patient and surgical team provided
a unique mechanism for verbal and visual interaction with
the patient after discharge that probably facilitated patient
acceptance. As the technology continues to expand, the
ability to incorporate remote monitoring, such as fitness
trackers, remote vital-sign monitoring and wound moni-
toring, may further increase the value of telemedicine in
postsurgical care.

This study is not without limitations. Although the inclu-
sion criteria were designed to be broad and patients were
randomized, the operating surgeon ultimately determined
whether the patient was eligible for randomization. How-
ever, this determination was made before surgery, and thus
before randomization. Additionally, unconscious bias to
later discharge in the control arm could have been poss-
ible, although patients in both study arms were assessed
at least twice daily by a surgeon, and during additional
visits throughout the day by a mid-level provider whose

primary responsibility was inpatient care. However, the
number of visits a patient was required to have was not
specified, as the protocol was designed to minimize disrup-
tion to the routine workflow. Patients were enrolled only
if they had surgery from Monday to Wednesday, owing to
the need for the subsequent TeleRecovery visit during the
working week. However, if telemedicine allows accelerated
discharge, the cost savings could be used to support Tele-
Recovery consultation outside standard working hours.
In this study, patients in the RecoverMI arm used their
iPad® to ensure secure Health Insurance Portability and
Accountability Act (HIPAA)-compliant connectivity. In the
future, given the ubiquity of personal smartphones, such
an approach may be unnecessary and personal devices may
be used. Although there were more postoperative readmis-
sions, ED visits and adverse events in the RecoverMI arm,
the difference was not statistically significant. It must, how-
ever, be noted that the study was not powered to detect any
difference in this outcome, and that no adverse events or
readmissions were believed to be due to use of the acceler-
ated recovery protocol.

The results of this prospective RCT demonstrate the
feasibility of short-stay approaches with next-day dis-
charge after colorectal resection. Future studies in a
multi-institutional setting are needed to confirm the appli-
cation and cost-effectiveness of this trimodal approach to
accelerated recovery in a variety of hospital and practice
settings.
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