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Background: Post-operative functional recovery is an important target for recovery after surgery. Return
to baseline ambulation following video assisted thoracoscopic surgery (VATS) and cardiac surgery has not
been quantified. Walking data is increasingly available with wrist-worn activity trackers and can be used to
counsel patients about post-operative recovery. The purpose of this study is to quantify ambulatory recovery
for 28 days following VAT and cardiac surgery.

Methods: This is a single-institution, prospective cohort study of patients undergoing elective video
assisted thoracoscopic and cardiac operations over 3 years. Baseline demographics and peri-operative
data were recorded. All participants wore an accelerometer which measured ambulation (steps/day) for
>3 days pre-operatively and >28 days post-operatively. Post-operative ambulatory recovery trajectories were
analyzed. Differences in recovery and return to baseline for each cohort were compared.

Results: Twenty-one patients undergoing cardiac or thoracic surgery were included. 7 (33%) underwent
VATS and 14 (67 %) underwent cardiac surgery. For the entire cohort, there was a strong positive correlation
between increasing post-operative day and daily steps (p=0.853; P<0.001). For VATS patients, there was a
strong positive correlation between increasing post-operative day and daily steps (p=0.804; P<0.001). For
cardiac surgery patients, there was a strong positive correlation between increasing post-operative day and
daily steps (p=0.894; P<0.001). VATS patients walked more than cardiac patients on post-operative day 1
(P=0.008), although there was no difference on post-operative day 28 (P=0.83). Peak recovery for VATS
patients was during week 1 with return to baseline pre-operative levels at post-operative day 9. Peak recovery
for cardiac surgery patients was during week 4 with return to baseline pre-operative levels at post-operative
day 26.

Conclusions: Ambulatory recovery is directly related to increasing post-operative day after VATS and
cardiac surgery. VAT'S patients are without statistical difference from baseline preoperative ambulation levels
within 2 weeks of their operation. In contrast, cardiac surgery patients require 4 weeks to reach ambulation
levels without statistical difference from baseline. This data can be used to counsel patients regarding their

expected recovery following VAT and cardiac surgery.
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Introduction

Prolonged immobility after surgery leads to complications
including insulin resistance, deconditioning, venous
thromboembolism, pulmonary complications and
delirium (1-4). Enhanced recovery after surgery (ERAS)
and enhanced recovery after thoracic surgery (ERATS)
pathways have focused on early ambulation to reduce these
complications and improve postoperative metrics such as
inpatient length of stay in abdominal, thoracic and cardiac
surgeries (1,4,5). Despite the well described benefits of early
ambulation, there are few studies that objectively assess
post-operative ambulation recovery and those which do are
limited to only inpatient measurements (6). Information
regarding trajectories of post-operative ambulation recovery
and return to baseline walking would allow surgeons to
better counsel patients regarding their functional recovery
after surgery.

As ambulatory data have become readily available with
the growing popularity of smart devices, it can be utilized
by patients and clinicians to quantify mobility recovery

Highlight box

Key findings

* For cardiac surgery and VATS patients, there is a strong positive
correlation between increasing post-operative day and daily
number of steps. Cardiac surgery patients return to pre-operative
ambulation levels at post operative day 26 and VATS patients
return to pre-operative ambulation levels at post-operative day 9.

What is known and what is new?

¢ Functional recovery is an important metric post-operatively as
immobility is associated with post-operative complications. Post-
operative walking trajectories predict risk of delirium and hospital
readmission.

e This data describes the post-operative walking recovery after
cardiac surgery and VATS in a cohort of patients at a Veterans
Health Administration hospital.

What is the implication, and what should change now?

e After cardiac surgery and VATS, ambulatory recovery should be linear.
Post-operative number of steps can now be easily monitored with
wearable smart devices. Deviation of a linear walking recovery should
raise concern of possible complications.
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after major operations. Furthermore, walking trends
have even been shown to be relevant in predicting risk of
readmission (7). The purpose of this study was to describe
and quantify post-operative walking recovery data for
4 weeks post-operatively in patients undergoing video-
assisted thoracoscopic surgery (VATS) and open cardiac
operations. Following VATS and open cardiac surgery, we
anticipated a linear post-operative walking recovery for
both VAT and cardiac surgery patients and a sooner return
to pre-operative baseline for those undergoing VATS than
cardiac surgery as a nature of the operations. We present
the following article in accordance with the STROBE
reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-22-24/rc) (8).

Methods

This is a single-institution, prospective cohort study of
patients undergoing elective cardiac and thoracic operations
during a 3-year enrollment period (September 2016 through
August 2019). Adults seen in clinic were screened if they
were undergoing either an elective VATS operation or an
elective cardiac operation at the Rocky Mountain Regional
Veterans Affairs Medical Center during the study period.
Exclusion criteria included those who did not walk at
baseline and those not undergoing elective operations as pre-
operative walking data could not be gathered. Participants
without >3 days of pre-operative walking data or the full
28 days of post-operative walking data (including those lost
to follow-up) were not included in analysis. This study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). All participants provided written informed
consent before participation and the study has obtained
Clinical Research Ethics Committee approval (Colorado
Multi-Institutional Review Board approval #16-1776).

At their pre-operative visit, participants that were
recruited were provided with and instructed to wear a
commercially available activity monitoring wristband
(Vivofit3; Garmin Ltd, Schaffenhausen, Switzerland) on
their nondominant wrist. The activity tracker is validated
to track steps with <1% deviation from the gold standard of
video observation (9). Baseline daily steps were recorded for
3 to 10 consecutive days pre-operatively. The day of surgery,
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Patients screened (n=374)

Did not meet inclusion criteria (n=344)
e Underwent non-cardiothoracic
operation (n=344)

Y

Y

Underwent cardiothoracic
operation (n=30)

Excluded post-operatively (n=9)

* Incomplete post-operative walking
data/lost to follow-up (n=7)

e <3 days of pre-operative walking
data (n=2)

Y

Y

Included in analysis (n=21)
e Cardiac Surgery (n=14)
e VATS (n=7)

Figure 1 Patient enrollment diagram. VAT'S, video-assisted

thoracoscopic surgery.

walking data was not collected and the activity monitor was
kept with the patients’ personal belongings. Post-operatively,
daily steps were recorded for 28 consecutive days,
beginning on post-operative day 1 regardless of disposition
(intensive care, floor, or home). Patients wore the activity
monitor continuously. Data from the activity tracker were
downloaded for each participant using the commercially
available wireless USB ANT Stick (Garmin Ltd) on the day
of surgery and at their post-operative visit. Devices were
synced with software updates at minimum once per month
during the study period.

Preoperative baseline number of steps per day was
reported by calculating the median steps for all days
measured preceding surgery. Post-operative steps were
expressed in absolute numbers and as percentages of
preoperative baseline median. Patient data recorded
included demographic information, comorbidities, surgery
performed, operation duration, post-operative day 1 pain
rating and total hospital length of stay. To minimize bias
in comparison of subgroups, baseline demographics and
comorbidities which may affect post-operative ambulation
between groups were compared. Furthermore, pre-
operative number of steps between groups were also
compared.

Microsoft Excel (Microsoft, Redmond, WA, USA)
and the R Project for Statistical Computing Version
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4.2.1 (The R Foundation, Vienna, Austria) were used for
data management and analysis. Steps per day on post-
operative day 1 and post-operative day 28 were compared
between those undergoing VATS and cardiac surgery
using a Wilcoxon rank-sum test. Correlation analysis was
performed using the Spearman correlation coefficient for
post-operative day and the number of steps per day for the
entire cohort and for each of the two operative categories.
Increase in steps for each week post-operatively was used to
determine the period of greatest ambulation recovery and
compared between operative categories. Lastly, steps taken
on each post-operative day was used to determine each
patient’s return to pre-operative ambulation. P values <0.05
were considered significant.

Results

During the 3-year enrollment period, 374 patients were
screened for the study; 30 patients were enrolled and
underwent VAT or cardiac surgery in the designated period,
although 7 were lost to follow-up and 2 had incomplete pre-
operative walking data. There were 21 patients included in
analysis with complete 3-10 days of pre-operative and 28 days
of post-operative walking data. The participant enrollment
diagram is presented in Figure 1. Baseline demographics
are described in Table 1. Univariate analysis demonstrated
statistical difference for pre-operative hypertension (P=0.05),
operating room time (P=0.02) and hospital length of stay
(P=0.001) between those undergoing VATS and cardiac
surgery. For the entire cohort, median (25"-75" percentile)
baseline preoperative ambulation was 4,985 (3,154-7,109)
steps/day with no difference between VATS and cardiac
surgery cohorts (P=0.32).

Seven patients (33%) underwent VATS and 14 (67%)
underwent cardiac surgery. Operations performed via VATS
included pulmonary resection (n=5, 24%), pleurodesis
(n=1, 5%) and diaphragm plication (n=1, 5%). Cardiac
surgeries included coronary artery bypass grafting (CABG)
(n=4, 19%), aortic valve replacement (AVR) (n=3, 14%),
combination cardiac procedures (hemiarch/CABG or AVR/
CABG n=3, 14%), mitral valve replacement (n=2, 10%) and
hemiarch replacement (n=2, 10%). On post-operative day 1,
those who underwent VATS walked more steps than those
who underwent cardiac surgery as shown in Table 2 (P=0.02).
By post-operative day 28, there was no statistical difference
in number of steps between the two cohorts, also shown in
Table 2 (P=0.91).
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Table 1 Baseline demographics and perioperative metrics
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Attribute Total cohort (n=21) Cardiac surgery (n=14) VATS (n=7) P value
Baseline demographics
Age (years), mean + SD 66+11 66+11 67+12 0.92
Male sex, n [%] 20 [95] 14 [100] 6 [86] 0.16
Body mass index (kg/m?), (25-75%) 30 [29-33] 30 [29-33] 29 [28-30] 0.11
Body surface area (m®), mean + SD 2.1+0.3 2.2+0.3 2.1+0.2 0.39
New York Heart Association Heart Failure 2 [1-3] 2 [1-3] 2 [1-3] >0.99
Classification, (25-75%)
EuroSCORE Il (%), (25-75%) N/A 1.7 (0.9-3.4) N/A N/A
Diabetes, n [%] 419] 4[29] 0 0.13
COPD, n [%] 3[14] 3[21] 0 0.20
Hypertension, n [%] 6 [29] 6 [43] 0 0.05*
Intraoperative metrics
Operating room time (min), (25-75%) 274 [204-373] 329 [240-404] 195 [142-260] 0.02*
Post-operative metrics
POD #1 pain rating' (25-75%) 4 [4-7] 4 [4-7] 5 [4-7] >0.99
Hospital length of stay* (days), (25-75%) 7 [6-9] 9 [7-10] 4 [3-5] 0.001*

*, statistically significant (P<0.05); T, numerical rating scale [0-10] was used for post-operative day #1 pain rating; ¥, hospital length of stay
was defined as number of midnights a patient was in the hospital. VATS, video assisted thoracoscopic surgery; SD, standard deviation;
N/A, not applicable; COPD, chronic obstructive pulmonary disease; POD, post-operative day.

For the entire cohort, and VATS and cardiac surgery
independently, there was a positive correlation between
daily number of steps and post-operative days (P<0.001),
described in Tzble 3 and demonstrated visually in
Figure 24-2C. Ambulatory recovery for patients who
underwent VAT'S was significantly greater in week 1 than
those who underwent cardiac surgery (P=0.05) while
ambulatory recovery for those who underwent cardiac
surgery was significantly greater in week 4 than those who
underwent VATS (P=0.03), demonstrated in 7iable 2. There
was no statistical difference in step recovery between the
groups in weeks 2 or 3, also shown in 7able 2. There was no
statistical difference from baseline on post-operative day 9
for those who underwent VATS which continued for the
remainder of the 28 days evaluated. There was no statistical
difference from baseline on post-operative day 26 for
those who underwent cardiac surgery, although statistical
significance returned for post-operative days 27 and 28. To
allow for visual comparison of ambulatory recovery between
cardiac surgery and VAT patients, the recovery trajectories
are combined in Figure 2D.

© Video-Assisted Thoracic Surgery. All rights reserved.

Discussion

This study describes the overall ambulation recovery
trends for two approaches to intrathoracic surgery: VATS
and cardiac surgery. There is a strong positive correlation
for increasing number of daily steps with increasing post-
operative day in both cohorts. While there was a statistically
significant difference in post-operative number of steps on
post-operative day 1 for those who underwent VATS as
compared to those who underwent cardiac surgery, by post-
operative day 28, there was no difference in number of steps
between the groups. Figure 2D allows for visual comparison
of recovery trajectory between subgroups and there is a
clear discordance in ambulation during week 1, although
number of steps converge visually thereafter. This is likely
due to a nature of the operation including invasiveness
and requirement of cardiopulmonary bypass in the cardiac
surgery group, which initially impacts ambulatory recovery
in the immediate post-operative setting. Additionally for
VAT patients, there was no difference between number of
steps per day compared to baseline on post-operative day 9.
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Table 2 Comparing ambulation recovery following cardiac surgery and VATS

Time Cardiac surgery (n=14) VATS (n=7) P value
Pre-operative baseline
Median steps/day (25-75%) 5,741 [3,602-7,913] 4,197 [2,716-5,535] 0.32
Post-operative day #1
Median steps/day (25-75%) 53 [0-120] 393 [184-703] 0.02*
% pre-operative level 1 9
Post-operative day #28
Median steps/day (25-75%) 2,654 [1,641-5,103] 2,511 [2,312-4,607] 0.91
% pre-operative level 46 60
Week 1 step recovery
Increase in steps/day 133 272 0.05"
% Increase in steps/day’ 2 6
Week 2 step recovery
Increase in steps/day 100 190 0.50
% Increase in steps/day’ 2 4
Week 3 step recovery
Increase in steps/day -3 108 0.25
% Increase in steps/day’ 0 2
Week 4 step recovery
Increase in steps/day 205 -144 0.03*
% Increase in steps/day’ 4 -3.2

', percent as a function of pre-operative baseline steps/day; *, statistically significant (P<0.05). VATS, video assisted thoracoscopic

surgery.

Table 3 28-day recovery trajectory

Metric Total cohort (n=21) Cardiac surgery (n=14) VATS (n=7)
Spearman correlation coefficient 0.853 0.894 0.804
P value <0.001* <0.001* <0.001*

*, statistically significant (P<0.05). VATS, video assisted thoracoscopic surgery.

On post-operative day 27, the median number of steps for
VATS patients exceeds baseline (Figure 2C). Although this
single day appears much higher, it is within the expected
day to day variation. Patients who underwent cardiac
surgery recovered later post-operatively with peak increase
in steps per day during week 4, which was higher than week
4 recovery of VAT'S patients.

Walking data are clinically useful as ambulation serves
as a measure of functional status, which is related to overall

© Video-Assisted Thoracic Surgery. All rights reserved.

wellness (10-12). Prior work demonstrates the relationship
of functional status with overall health, including recovery
in the post-operative setting (1,5,13-15). Individual walking
data is ubiquitous with increased popularity of activity tracker
devices and can now be used by surgeons and patients alike
to better understand postoperative recovery (16). This
provides patients with information regarding their expected
post-operative functional recovery, allowing them to plan
accordingly.
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Figure 2 Post-operative ambulatory recovery trajectory. (A) Post-operative step recovery—entire cohort. (B) Post-operative step recovery—

cardiac surgery. (C) Post-operative step recovery—VATS patients. (D) Post-operative step recovery. IQR, interquartile range; VATS,

video-assisted thoracoscopic surgery.

For clinicians, ambulatory data available on a patient’s
smart device may allow them to be benchmarked to the
cohort presented here. Furthermore, deviation from the
expected recovery may put patients at risk for the known
complications of reduced post-operative ambulation.
It is feasible that future clinicians could monitor daily
ambulation remotely to look for deviations or lagging
from the sample described here. Currently, post-operative
walking data has proven successful in risk stratification for
post-operative delirium and readmission (3,7). In order to
use walking trends to predict other complications such as
insulin resistance, venous thromboembolism, pulmonary
complications, and prolonged inpatient length of stay,
general post-operative ambulatory trends must be described.

The limitations of this study include sample size and
duration of follow-up. The relatively low volume of cardiac
patients provided a small number of participants and
subsequently, patients were eliminated from analysis due
to incomplete data collection (<28 days post-operatively).
Similarly, most of the patients were male due to the

© Video-Assisted Thoracic Surgery. All rights reserved.

demographics within the patients treated at the Veteran
Health Administration Hospital. The small number of
participants and skewed sex enrollment may subject this
study to bias. Despite this, the number of participants is
similar to prior work describing ambulation after cardiac
surgery and baseline attributes which may impact post-
operative ambulatory recovery were compared in Table 1 (6).
The variation in ambulation of different populations is
well established, although the population presented here
mobilize adequately (11,17). Notably, data were collected
for 28 days post-operatively, yet this did not capture true
return to baseline for cardiac surgery patients as there
remains a statistical difference in number of steps from
pre-operative baseline on post-operative days 27 and 28.
Future studies should follow cardiac surgery patients for
longer post-operatively, although their prolonged recovery
time may also be related to the prolonged hospitalization
as compared with VATS patients (P=0.001, Table 1). Lastly,
the Vivofit 3 used in this study only measures number of
steps and cannot quantify stationary activity such as laying,
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sitting or standing, which may be notable to quantify in the
immediate post-operative setting (6). The Vivofit 3 also
cannot differentiate walking from running or record other
non-stationary activity such as swimming or bicycling,
which would be relevant in post-operative functional
recovery. Future studies may consider a wearable device
which can measure a multitude of stationary and non-
stationary activities.

Conclusions

Recovery of post-operative ambulation after VATS and
cardiac surgery is directly related to increasing post-
operative day. VATS patients have an early ambulatory
recovery peaking in week 1 and ambulation is without
statistical difference from preoperative baseline levels by
post-operative day 9. Patients undergoing cardiac surgery
have a later ambulatory recovery peaking in week 4 and
ambulation is without statistical difference from baseline by
post-operative day 26. Further work should include a larger
sample size and longer duration of ambulation data for
patients undergoing cardiac surgery. This information can
be used to counsel patients about expected post-operative
activity recovery.
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