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Background: Video-assisted thoracoscopic (VATS) lobectomy can affect patients’ pulmonary function and quality of life
significantly. No optimal protocol combining patient-reported outcome-based symptom management and postdischarge
rehabilitation programme has yet been established. This study aimed to assess the efficacy of a novel smartphone app designed for
home-based symptom management and rehabilitation.
Methods: The app was developed based on three modules: a symptom reporting system with alerts, aerobic and respiratory
training exercises, and educational material. Four core symptomswere selected based on a questionnaire survey of 201 patients and
three rounds of Delphi voting by 30 experts. The authors screened 265 patients and randomly assigned 136 equally to the app group
and usual care group. The primary outcome was pulmonary function recovery at 30 days postoperatively. Secondary outcomes
included symptom burden and interference with daily living (both rated using theMD Anderson Symptom Inventory for Lung Cancer),
aerobic exercise intensity, emergency department visits, app-related safety, and satisfaction with the app.
Findings: Of the 136 participants, 56.6% were women and their mean age was 61 years. The pulmonary function recovery ratio
1 month after surgery in the app group was significantly higher than that in the usual care group (79.32 vs. 75.73%; P=0.040). The
app group also recorded significantly lower symptom burden and interference with daily living scores and higher aerobic exercise
intensity after surgery than the usual care group. Thirty-two alerts were triggered in the app group. The highest pulmonary function
recovery ratio and aerobic exercise intensity were recorded in those patients who triggered alerts in both groups.
Interpretation: Using a smartphone app is an effective approach to accelerate home-based rehabilitation after VATS lobectomy.
The symptom alert mechanism of this app could optimise recovery outcomes, possibly driven by patients’ increased self-awareness.
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Introduction

Lung cancer is the leading cause of cancer-related deaths world-
wide. With the aid of low-dose computed tomography screening,
more patients can be identified at the early stage[1,2], for which
surgery remains the only curative treatment modality[3].
However, they usually undergo considerable functional dete-
rioration and severe quality of life (QoL) impairment during the
first few months immediately after pulmonary resection, even
when accomplished via minimally invasive surgery[4–8].
Therefore, restoring function and physical activity during this key
time window remains challenging for the thoracic service
community.

The enhanced recovery after surgery (ERAS) model is widely
adopted in current clinical practice, along with advancements in
minimally invasive surgical techniques [e.g. video-assisted thor-
acoscopy (VATS)] to achieve better clinical outcomes (shorter
length of stay and reduced postsurgery complications)[9–11].
However, shortening hospital stays and revisits to care providers
after surgery based on the ERAS model may not guarantee a
uniform recovery process. After discharge, the primary goal for
patients is to participate in a pulmonary rehabilitation (PR)
procedure, which is essential to improving pulmonary function
within a given period[12,13], and manage postoperative patient-
reported outcome (PRO)-based symptoms. However, in the real-
world, heterogeneity in community services and patient com-
pliance in recovery may affect functional optimisation at the
physical and psychological levels.

Several major factors may discourage rehabilitation. First,
patients’ lack of rehabilitation knowledge or awareness will
lower the true efficacy of functional restoration. Second, sys-
tematic guidance on exercise planning or real-time assistance for
symptom evaluation and management may be unavailable for
discharged patients. Third, patients tend to be unwilling to
undergo early mobilisation owing to functional decline and
symptomatic disturbances[14,15].

With the rapid development of digital technology over the past
decade, smartphone-based interventions have demonstrated the
potential to improve healthcare delivery in the postdischarge
period[16–18]. Studies have reported the implementation of mobile
apps for the postoperative management of patients with lung
cancer, focusing on education, and rehabilitation programmes
after discharge, which effectively recorded postoperative PROs
and improved well-being and QoL[19,20]. The latest evidence
suggests that PRO-based symptom management via mobile
device platforms improves surgical outcomes with a lower
symptom burden and fewer complications[21]. However, evi-
dence is lacking about how mobile health may promote func-
tional rehabilitation after lung cancer surgery, such as pulmonary
function recovery. In addition, whether functional rehabilitation
could be improved by symptom management via a single digital
platform is unknown.

As an optimal protocol combining PRO-based symptom
management and rehabilitation after discharging post-thoracic
surgery has not been established, we hypothesised that a smart-
phone app customised for PRO-based symptom management
with symptom alerts, training exercises, and educational material
may help improve the pulmonary functional rehabilitation and
reduce the symptom burden for patients undergoing lung resec-
tion. In this POPPER study, we conducted a prospective rando-
mised controlled trial (RCT) among patients with lung cancer

undergoing VATS lobectomy and evaluated the efficacy of a
smartphone rehabilitation app compared with usual care after
discharge.

Methods

Study design and participants

POPPER was a single-blind RCT conducted at Peking University
Cancer Hospital. The study protocol was approved by the insti-
tutional review board of the hospital (number: 2021KT92) and
registered on the Chinese Clinical Trial Registry website (identi-
fier: ChiCTR2100049674). The trial adhered to CONSORT
guidelines[22]. All patients provided written informed consent
before enrolment.

Eligible patients were: (1) aged 18–75 years and diagnosed
with clinical stage I–II nonsmall cell lung cancer, according to the
eighth edition of the TNMClassification of Malignant Tumours,
and scheduled to undergo thoracoscopic VATS lobectomy; (2)
able to complete follow-up and a spirometry test; and (3) willing
to complete the electronic questionnaire and communicate with
the investigators.

Patients were excluded if they met any of the following criteria:
(1) previously received neoadjuvant therapy; (2) unable to per-
form the spirometry test for personal reasons; (3) had a loco-
motor system issue that prevented them from completing the PR
exercise; or (4) had simultaneous or metachronous diseases that
the investigator considered ineligible for the study.

Randomisation and masking

When admitted to the hospital, patients who met all the inclusion
and exclusion criteria were randomly assigned (1:1) to an app
group or a usual care group (control group). Considering the
necessity of introducing detailed app instructions to patients in
the app group, clinicians, and nurses delivering the interventions
were not masked. During the entire study process, all partici-
pants, outcome analysers, statisticians, and staff who performed
the spirometry test and collected data were blinded to the group
allocation.

HIGHLIGHTS

• This study evaluated the efficacy of a smartphone rehabi-
litation app among lung cancer patients after lobectomy.
The app integrated three major functional modules: PROs
with real-time alerts, exercise training, and educational
reading material.

• One hundred thirty-six participants were enroled and
analysed in this study. Compared with usual care group,
the app group had significantly higher FEV1% pred
recovery ratio in the first month after surgery.

• The app group also recorded significantly less symptom
burden, less life interference, and a higher Borg score for
aerobic exercise after surgery compared with the
control group.

• Using a smartphone app may serve to help patients
accelerate home-based rehabilitation after video-assisted
thoracoscopy lobectomy.
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Components of the app

Symptom reporting component with real-time alerts

Questionnaire survey for selecting symptoms

After lung surgery, the specific symptoms that should be recorded
for home-based monitoring remain unclear. Therefore, to design
the app components, we began with a questionnaire survey to
determine symptoms that need to be reported after lung cancer
surgery. Data were extracted from a prospective study conducted
to observe postoperative pulmonary function recovery after lung
cancer resection; QoL data were supplements to this study
(ChiCTR**). We collected data from 201 patients with lung
cancer who underwent VATS lobectomy between January and
July 2021 at our hospital and completed a questionnaire based on
the European Organisation for Research and Treatment of
Cancer (EORTC) QLQ-C30 and LC13[23] to investigate patients’
symptoms within 30 days of surgery. In the questionnaire survey,
each symptom was scored on a four-point categorical scale. To
standardise the analysis, these scores were linearly transformed to
a scale ranging from 0 to 100, with higher scores indicating worse
symptoms[24]. A 10-point change or more from the baseline was
considered clinically significant[25]. Those with a mean score
≥ 30 were deemed as having the most severe symptoms[26].

Based on the results, the most severe symptoms after discharge
(2 weeks and 1 month after surgery) were pain, coughing, and
shortness of breath, which were considered the core symptoms
for reporting in this app component (Fig. 1 and Supplementary
Tables 1–4, Supplemental Digital Content 1, http://links.lww.
com/JS9/C853). To confirm this result, we used K-means con-
sensus clustering analysis to select symptoms. These symptoms
were robustly segregated into three clusters, in which pain,
coughing, and shortness of breath were grouped in the same
cluster at 2 weeks and 1 month after surgery (Supplementary
Figure 1, Supplemental Digital Content 1, http://links.lww.com/
JS9/C853).

Delphi voting for selecting the core symptoms

As the EORTC QLQ-C30 and LC13 were not designed for lung
cancer surgery, surgery-specific symptoms may not have been
included in the questionnaire. To solve this problem, we used
Delphi expert voting to select further core symptoms observed
after VATS lobectomy. Twenty experienced thoracic surgeons
and 10 registered nurses from 10 high-volume medical centres in
Beijing, who had more than ten years of professional experience
and held the titles of chief physician or associate chief physician,
participated in three rounds of voting to select themost important
symptoms from the QLQ-C30 and LC13 questionnaires. The
participants in each voting round could add new symptom items
based on their clinical practice experience.

The threemost severe symptoms from the questionnaire survey
(pain, coughing, and shortness of breath) also had the highest
ratings in the results of the three rounds of voting. In addition,
postoperative fever (new item) and coughing bloodwere regarded
as high-priority surgically related symptoms (Supplementary
Table 5, Supplemental Digital Content 1, http://links.lww.com/
JS9/C853). For convenience, we combined coughing blood with
coughing as one item with different alert thresholds
(Supplementary Table 6). Finally, four symptoms were deter-
mined for the reporting component: pain, coughing, shortness of
breath, and fever. The details of the process and results of
selecting the core symptoms are listed in the Supplementary
Material (Supplemental Digital Content 1, http://links.lww.com/
JS9/C853).

Symptom alert

In the app module, two types of symptom alerts (yellow and red)
could be triggered when patients answered questions about these
four symptoms if their extent was moderate or severe according
to CTCAE 5.0 grading (Supplementary Table 6, Supplemental
Digital Content 1, http://links.lww.com/JS9/C853). The medical
team received alert notifications automatically through this app

Figure 1. Mean scores of each symptom at the different time points after surgery.
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on a smartphone and connected with patients directly via the app.
Telephonic intervention was completed within 4 h of a yellow
alert being triggered, whereas immediate intervention was pro-
vided when a red alert was received for such symptoms as severe
dyspnoea and high fever.

Training exercise component

Respiratory exercise

Respiratory exercise was performed using abdominal breathing
methods with deep inspiration in a sitting position, holding the
breath for 5 s, then exhaling slowly, and repeating the process
three to five times/min. The incentive spirometer was a tri-balls
device (UTRI4311, GaleMed Co., Ltd) (Supplementary Figure 2,
Supplemental Digital Content 1, http://links.lww.com/JS9/C853)
comprising an inhaling tube and three balls with different
weights. Every time patients inhaled through the tube, the balls
rose according to the volume of inspiration; thus, they tried their
best to raise as many of the balls as possible in one inhaling
process. A maximal inspiratory pressure (PI max) was recorded
as one count. The app module provided videos showing the
instructions and examples of the exercise methods and set up a
training plan for patients as a daily task reminder.

Aerobic exercise

As the first option for aerobic exercise, patients with sufficient
physical capacity were encouraged to climb stairs[27]. Other
exercises, such as walking outdoors, jogging, cycling, and even
traditional Chinese exercises, were also allowed[28,29]. Given that
patients had different ages, education levels, comorbidities, and
physical conditions after surgery, the type of aerobic exercise was
based on their preferences. This component also set up a daily
task and reminded patients to complete it as well as recorded data
for each exercise type and duration.

Educational material component

The app provided reading material on four aspects: (1) general
knowledge of lung cancer, including pathogenesis, symptoms,
and treatment; (2) lung cancer surgery and perioperative matters
requiring attention; (3) the importance and methods of post-
operative rehabilitation; and (4) information on nutritional and
psychological support. Patients read these materials according to
their needs and all reading behaviours were recorded by the app.

The functions of these app components, including the patient
and doctor sides, were captured in screenshots (Fig. 2).

Procedures

Before surgery, all participants routinely received 5 min face-to-
face training from a nurse to provide the standard ERAS proce-
dures. Training focused on relieving patients’ anxiety and
familiarising themwith the PR programme, including performing
the respiratory exercise and using the tri-ball spirometer device.
Patients were required to continue practising during the pre-
operative period until their performance met the standard. All
patients underwent thoracoscopic lobectomy by the same surgi-
cal team with uniform operating procedures. After surgery, the
in-hospital PR programme was provided for all patients,
including active coughing to reduce sputum retention and per-
forming the respiratory exercise (i.e. tri-ball incentive spirometry
100 times per day divided into five sets) and aerobic exercise
(30 min per day) according to patients’ exercise capacity and
recovery condition. Patients were withdrawn from the study if
they did not undergo VATS lobectomy, experienced severe
postoperative complications that prevented them from

A

B

Figure 2. Screenshots of the app component functions. (A) English version; (B)
Chinese version.
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performing the spirometry test, or were hospitalised for more
than 14 days.

From admission to the postoperative period in the hospital,
participants in both the app and the usual care groups were
treated using the same protocol. When they were ready to be

discharged, the clinicians and nurses delivered different apps to
the groups: in the app group, participants downloaded the app on
their smartphone and started using all three components until
1 month after surgery: (1) daily symptom reporting in the resting
state for the four core symptoms and triggering alerts to the
medical team if the extent was severe; (2) completing the daily
aerobic and respiratory exercises in the app programme; and (3)
reading all four aspects of the educational material as a supple-
ment. In the usual care group, participants could also download
an app on their smartphones, which only had a document to
provide them with regular instructions after discharge and
encourage them to continue the respiratory and aerobic exercises
based on their physical status and willingness. By contrast, the
three app components (i.e. symptom reporting systemwith alerts,
training exercises, and educational material) could not be used.
Thirty days after surgery, participants were required to return to
the hospital to complete the follow-up. Those who returned later
than postoperative day (POD) 37 (exceeding 1 week) were
regarded as having a delayed return.

Measures and outcomes

We collected clinical and demographic data, including age, sex,
BMI, education level, smoking history, comorbidities, chronic
obstructive pulmonary disease history, resected lobe, and length
of hospital stay. We also collected participants’ data after dis-
charge, such as the emergency department (ED) visit rate, the
readmission rate, severe complications within 30 days (Clavien–
Dindo grade IIIb or above), and mortality.

The primary outcome of this study was the difference in the
pulmonary function recovery ratio (PFRR) 1 month after surgery
between the two groups. Participants in both groups (excluding
those withdrawn) completed the spirometry test at three time
points: before surgery, on the day of discharge, and after 1month.
The detailed process of taking the spirometry test is listed in the
Supplementary Material (Supplemental Digital Content 1, http://
links.lww.com/JS9/C853). The PFRR was calculated using the
formula: (return %pred) / (preoperative %pred) × 100(%).

The secondary outcomes included the postoperative symptom
burden and interference with daily living, both of which were
measured using the MD Anderson Symptom Inventory for Lung
Cancer (MDASI-LC) on a scale from zero (not present) to ten (as
bad as you can imagine). The MDASI-LC includes 16 items for
symptom burden and six items for interference with daily living
(i.e. performing general activities, working, walking, mood,
relations with others, and enjoyment of life). The interference
with daily living score for all participants in both groups
(excluding those withdrawn) was longitudinally assessed via a
mini app at four time points: before surgery, 1 week after dis-
charge, 2 weeks after discharge, and 30 days later at follow-up.
The symptom burden score was assessed at three-time points:
before surgery, 1 week after discharge, and 30 days later at fol-
low-up.

The other secondary outcomes for both groups included
exercise intensity (measured using the 10-point Borg scale of
shortness of breath) and the ED visit and readmission rates, while
they additionally included app-related safety and the satisfaction
score for the app group. Data on symptom reporting by the app
group were also collected and assessed according to the alert
results as a subgroup analysis. Patients’ Borg scores were assessed
before surgery and every week thereafter by telephone interview

Table 1
Participants’ characteristics.

App group Usual care group
N= 68 N= 68 P

Age, years 62.50 (56.00–67.75) 64.00 (56.25–66.00) 0.64
BMI, kg/m2 24.30 (22.53–26.35) 24.60 (22.10–26.48) 0.78
Sex, no. (%) 0.12
Male 34 (50.00) 25 (36.80)
Female 34 (50.00) 43 (63.20)

Charlson comorbidity
score, no. (%)

0.39

0 53 (77.90) 48 (70.60)
1 11 (16.20) 15 (22.10)
2 4 (5.90) 5 (7.40)

COPD, no. (%) 0.09
Yes 10 (14.70) 4 (5.90)
No 58 (85.30) 64 (94.10)

Education, no. (%) 0.72
Primary or less 44 (64.70) 42 (61.80)
Secondary or more 24 (35.30) 26 (38.20)

Smoking history, no. (%) 0.80
Yes 26 (38.20) 22 (32.40)
No 42 (61.80) 46 (67.60)

Tumour family history,
no. (%)

0.23

Yes 4 (5.90) 8 (11.80)
No 64 (94.10) 60 (88.20)

ECOG performance
score, no. (%)

1.00

0 66 (97.10) 66 (97.10)
1 2 (2.90) 2 (2.90)

Tumour location, no. (%) 0.79
Right upper lobe 21 (30.90) 22 (32.40)
Right middle lobe 9 (13.20) 7 (10.30)
Right lower lobe 12 (17.60) 10 (14.70)
Left upper lobe 12 (17.60) 13 (19.10)
Left lower lobe 14 (20.60) 16 (23.50)

Pathology, no. (%) 0.41
Squamous cell
carcinoma

3 (4.40) 2 (2.90)

Adenocarcinoma 65 (95.60) 66 (97.10)
Clinical TNM staging
(8th), no. (%)

0.82

cIA 56 (82.40) 57 (83.80)
cIB 12 (17.60) 11 (16.20)

Operation time,
minutes, median
(IQR)

120.00 (102.00–135.00) 120.00 (109.25–125.00) 0.94

Drainage volume, mL,
median (IQR)

605.00 (415.00–818.75) 547.50 (400.00–765.00) 0.33

Extubation time, days,
median (IQR)

3.00 (2.00–3.00) 3.00 (2.00–3.00) 0.15

Length of postoperative
hospital stay, median
(IQR)

4.00 (4.00–5.00) 4.00 (4.00–5.00) 0.11

Follow-up, median (IQR) 28.00 (27.00–32.00) 28.00 (27.00–32.00) 0.85

COPD, chronic obstructive pulmonary disease; ECOG, Eastern Cooperative Oncology Group; IQR, inter-
quartile range; TNM, tumour, node, metastasis.
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until the 1-month visit (POD 7, 14, 21, 28). The satisfaction
scores, rated from 0 (not satisfied) to 5 (very satisfied), were given
by the participants in the app group 1 month after using it,
including the difficulty of using the app and usefulness for their
postoperative rehabilitation.

Statistical analysis

Based on previous results[27,29–31], the PFRR at the 1-month follow-
up in the usual care group was estimated as 75.0%±10.0%. As a
5.7% point increase in the PFRR was observed in stair-climbing
patients compared with routine exercise in a previous study
(77.8%±7.1% vs. 72.1%±6.7%, P=0.043)[27], a mean
improvement of 5% points in the PFRR in the app group was
considered clinically meaningful. We calculated a sample size of
126 patients using PASS software version 15.0.5 (NCSS, LLC.),
with a significance level of α=5% and 80% power (two-tailed) for
the primary outcome. Assuming 10% attrition at follow-up, a
sample of 138 patients (69 per group) was required.

We checked the data for normality. Normally distributed (non-
normally distributed) data were summarised using differences in
the mean (median), with a 95% CI for both groups at each time
point. We analysed the outcomes of the pulmonary function
parameters (FEV1), forced vital capacity (FVC), and maximal
voluntary ventilation (MVV) at 1 month postoperatively in the
two groups using the Student’s t-test. TheMDASI-LC score, Borg

score, ED visit rate, and readmission rate were analysed using the
χ2 test, two-tailed Fisher’s exact test, or descriptive statistics, as
appropriate.

After excluding withdrawn patients, randomised patients who
met all the inclusion and exclusion criteria were determined as the
full analysis set (FAS), whereas those who followed all the protocols
were regarded as the per-protocol set (PPS). Both the primary and
secondary outcomes were investigated in the FAS population.
Sensitivity analyses of the primary outcome were also performed in
the PPS population to confirm the consistency of the results. All the
analyses considered two-sided P-values of 5% as statistically sig-
nificant and were conducted using SPSS version 23 (SPSS Inc.).

Results

Patients’ characteristics

Between 1 December 2021 and 30 June 2022, 265 patients were
screened; of these, 153 were randomly assigned to the app group
or the usual care group when they were admitted to the hospital
(n=76 and n=77, respectively). After surgery, 17 patients were
determined to be ineligible and withdrawn (six wedge resections,
six segmentectomy, and five postoperative complications). The
remaining 136 patients were analysed as the FAS population (68
in each group). Table 1 lists the patients’ demographics and

Figure 3. Flowchart of the study participants.
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clinical characteristics. The baseline characteristics were well-
balanced between the two groups. The mean age was 61 years,
56.6%were women, and 36.8% had graduated from senior high
school or above. The mean operative time was 122 min and the
median length of postoperative hospital stay was 4 days (range:
2–9 days).

Of these 136 patients, 22 had a delayed 1-month follow-up
(later than POD 37) due to the COVID-19 pandemic or other
personal reasons (median delay of 15 days in the app group and
14 days in the usual care group). In addition, among the delayed-
return patients, two in the app group did not use the app for
personal reasons. After excluding these 22 delayed-return
patients, 114 patients were included in the PPS population,
including 59 in the app group and 55 in the usual care group
(Fig. 3).

Primary outcome

Pulmonary function recovery ratio

In the FAS population, the PFRR decreased significantly at dis-
charge and increased at follow-up in both groups. The PFRR in
the app group was significantly higher than that in the usual care
group (79.32 vs. 75.73%; P=0.04). FVC and MVV exhibited a
similar trend of recovery and the difference between the groups
was not significant. In the PPS population, the PFRR in the app
group was significantly higher than that in the usual care group
(79.14 vs. 73.12%, P=0.017) (Fig. 4A and Table 2).

Secondary outcomes

Interference with daily living

In the FAS population, the mean interference with daily living
score significantly increased after discharge and decreased close

to the presurgery level at follow-up. The app group demonstrated
significantly less interference in performing general activities and
working from 1 week to 2 weeks after discharge and in walking
from 1 week after discharge to follow-up than the usual care
group (all P< 0.05) (Fig. 4B–D, Table 3). The other interference
with daily living scores, including enjoyment of life, relationships
with others, and mood, were similar between the two groups
(Supplementary Table 7, Supplemental Digital Content 1, http://
links.lww.com/JS9/C853).

Symptom burden

In the FAS population, the symptom burden scores increased
rapidly after surgery. The five symptom burden scores (pain,
coughing, fatigue, disturbed sleep, and shortness of breath) sig-
nificantly increased in the first month after surgery (all P< 0.05).
The app group had significantly lower symptom burden scores
for pain, coughing, fatigue, and disturbed sleep 1 week after
discharge than the usual care group (all P< 0.05) as well as at
follow-up (n.s.; Fig. 4E–H, Table 3). The other symptom burden
scores were similar between the two groups (Supplementary
Table 7, Supplemental Digital Content 1, http://links.lww.com/
JS9/C853).

Aerobic exercise intensity

In both groups, the Borg score decreased markedly after surgery
and recovered weekly from POD 7–28. We observed a sig-
nificantly higher Borg score in the app group than in the usual
care group on POD 21 (2.84 vs. 1.65, P<0.001) and POD 28
(2.83 vs. 1.15, P< 0.001) (Fig. 5A).

A B C D

E F G H

Figure 4. Pulmonary function recovery and changes in quality of life in the two groups. (A) PFRR; (B) Interference in performing general activities; (C) Interference in
working; (D) Interference in walking; (E) Pain; (F) Coughing; (G) Fatigue; (H) Disturbed sleep.
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Alerts in symptom reporting

In the subgroup analysis, 39.7% of the participants (27/68) in the
app group triggered at least one symptom alert. Of the 32 alerts
recorded by the app, 78.1% were yellow and 21.9% were red.
The most common symptom alerts were for pain (40.6%) and
shortness of breath (28.1%) (Fig. 5B). Furthermore, the patients
who triggered symptom alerts were more motivated in their
rehabilitation than those who did not. The patients who triggered
alerts read the educational material more frequently and exer-
cised for significantly longer and at higher intensity than those
who did not trigger alerts (Fig. 5C–F, Supplementary Table 8,
Supplemental Digital Content 1, http://links.lww.com/JS9/
C853). Accordingly, both the highest Borg score for aerobic
exercise and the highest PFRR were observed among those
patients who had triggered symptom alerts than those who had
not in the app group and patients in the usual care group (PFRR:
81.08 vs. 78.35% vs. 73.12, P= 0.049) (Fig. 5G and H).

ED visit and 30-day readmission rates

After discharge, eight patients visited the ED. The app group (n=6)
presented a higher ED visit rate than the usual care group (n=2);
however, the difference was not significant (8.8 vs. 2.9%, P=0.147).
Common reasons for ED visits included shortness of breath and
fever. Among these patients, three in the app group and one in the

usual care group were ultimately readmitted within 30 days of sur-
gery (4.4 vs. 1.5%, P=0.314), including two with pleural effusion,
one with hypertension, and one with cerebral infarction. No severe
30-day postoperative complications or deaths occurred.

App-related safety

In the app-related safety analysis, accidents related to PR exer-
cises (e.g. falls or excessive exercise) were recorded as zero. No
eye injuries or other physical injuries were reported when using
the smartphone within 1 month of surgery.

Satisfaction with the app

After excluding the two patients who did not use the app, 66
participants completed the satisfaction survey, of which 95.5%
(63/66) had a score of 3 (basically satisfied) or above; 90.9% (60/
66) reported no difficulty in using the app and 93.9% (62/66)
reported that the app did not interfere with their daily lives. In
addition, 95.5% (63/66) found the app helpful for symptom
management and 71.2% (47/66) found the app’s training exer-
cises helpful, with 75.8% (50/66) adhering to the postoperative
rehabilitation tasks. A total of 71.2% (47/66) intended to con-
tinue using the app until 3 months after surgery.

Table 2
Pulmonary function parameters in the two groups (FAS and PPS populations).

FAS PPS

App group Usual care group App group Usual care group
N= 68 N= 68 P N= 59 N= 55 P

FEV1%pred, %
Before surgery 90.05 (82.68–102.38) 93.95 (86.40–101.83) 0.46 90.10 (82.60–103.00) 93.90 (85.80–101.90) 0.68
Discharge 56.40 (42.10–67.20) 53.85 (47.48–62.93) 0.89 56.00 (42.00–67.20) 52.80 (46.80–61.50) 0.84
Follow-up 71.40 (64.63–86.18) 71.75 (61.35–79.98) 0.22 72.00 (64.70–86.20) 70.30 (59.10–77.30) 0.07
Recovery ratio 79.32 (73.13–84.97) 75.73 (68.35–82.48) 0.04 79.14 (73.03–84.14) 73.12 (66.71–80.28) 0.02

FEV1, L
Before surgery 2.40 (2.07–2.96) 2.35 (2.06–2.76) 0.25 2.42 (2.09–2.99) 2.35 (2.00–2.67) 0.02
Discharge 1.43 (1.10–1.78) 1.38 (1.13–1.69) 0.24 1.43 (1.05–1.78) 1.35 (1.14–1.70) 0.11
Follow-up 1.95 (1.54–2.32) 1.77 (1.48–2.03) 0.048 2.03 (1.54–2.33) 1.75 (1.42–1.95) 0.11

FVC%pred, %
Before surgery 93.50 (86.53–104.45) 93.00 (88.43–101.03) 0.94 93.60 (86.40–105.40) 92.00 (88.00–99.00) 0.008
Discharge 58.30 (46.05–68.95) 56.35 (49.63–85.30) 0.74 57.95 (45.55–68.95) 55.20 (48.70–62.40) 0.44
Follow-up 77.20 (67.85–85.15) 75.40 (68.23–85.30) 0.76 77.20 (67.80–83.50) 73.50 (66.40–82.30) 0.38
Recovery ratio 79.79 (73.21–89.22) 80.22 (73.35–87.64) 0.68 79.70 (72.94–89.30) 79.00 (72.23–87.27) 0.71

FVC, L
Before surgery 3.15 (2.67–3.92) 3.04 (2.63–3.57) 0.15 3.19 (2.69–3.98) 3.03 (2.54–3.55) 0.04
Discharge 1.96 (1.60–2.57) 1.83 (1.54–2.23) 0.20 2.12 (1.65–2.57) 1.74 (1.55–2.17) 0.19
Follow-up 2.71 (2.04–3.21) 2.42 (2.03–2.87) 0.15 2.76 (2.03–3.21) 2.36 (1.97–2.81) 0.04

MVV%pred, %
Before surgery 92.70 (83.50–101.75) 89.70 (84.05–100.63) 0.65 93.00 (83.30–106.00) 89.00 (84.20–100.90) 0.81
Discharge 64.00 (54.20–80.10) 62.05 (56.15–79.98) 0.96 64.00 (54.60–78.20) 61.20 (55.50–70.10) 0.68
Follow-up 85.35 (70.95–95.38) 83.75 (74.38–91.13) 0.76 86.30 (68.70–98.10) 83.70 (71.40–90.50) 0.56
Recovery ratio 89.24 (81.70–96.17) 88.88 (80.49–94.89) 0.36 89.84 (81.82–96.23) 88.53 (77.80–92.97) 0.25

MVV, L
Before surgery 97.00 (77.80–113.73) 93.40 (77.63–105.90) 0.34 100.20 (77.80–114.00) 93.90 (78.20–104.10) 0.24
Discharge 65.30 (54.70–81.60) 64.85 (53.40–74.73) 0.35 65.50 (55.00–83.60) 62.40 (51.70–72.20) 0.13
Follow-up 83.55 (67.68–109.05) 76.85 (68.95–91.40) 0.13 81.70 (68.50–111.10) 77.90 (66.40–90.30) 0.053

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MVV, maximal voluntary ventilation.
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Discussion

To the best of our knowledge, this POPPER study is the first RCT
to demonstrate the efficacy of a smartphone app that integrates
three major functional modules (i.e. symptom reporting system
with alerts, training exercises (aerobic and respiratory), and
educational material) to facilitate the rehabilitation of patients
after discharging post-VATS lobectomy. This app may help
patients accelerate their home-based rehabilitation by sig-
nificantly enhancing their postoperative pulmonary function,
represented by the PFRR 1 month after surgery, as shown by the
higher Borg scores for aerobic exercise intensity, which may have
been driven by the app components. Additionally, the patients in
the app group exhibited lower interference with daily living
scores for performing general activities and walking and lower
symptom burden scores for pain, coughing, fatigue, and dis-
turbed sleep. These results suggest that using this app is an
effective approach for home-based rehabilitation after lung can-
cer surgery.

The optimal symptom selection and management of PRO after
lung surgery lack consensus. A systematic review of 54 articles
summarised the most commonly studied symptoms in patients
who undergo lung cancer surgery[32]. These symptoms negatively

impact QoL and functional status, while symptom burden
severity is also an independent predictor of postoperative
healthcare needs[33,34]. PRO-based symptom monitoring and
management has been proven to be an ideal and essential mod-
ality for delivering personalised postdischarge care and enhan-
cing postoperative recovery[35–37]. Previous studies on PRO for
thoracic surgery have reported the five most severe postoperative
symptoms as fatigue, pain, shortness of breath, disturbed sleep,
and drowsiness or coughing[38,39]. Yang et al.[40] assessed seven
symptom items and two functional items.

In our study, we collected four core symptoms from the data of
a prospective study based on the QLQ-C30 and LC13 ques-
tionnaire in 201 patients and Delphi expert survey among 30
thoracic surgeons and nurses. Among these four symptoms, pain
was the most frequently observed among our patients. This result
was consistent with those of previous studies and indicated that
postoperative pain control is critical for symptom management
after discharge[7,38,39]. The secondwas shortness of breath, which
resulted in 3.7% of ED visits and 1.5% of readmissions in our
study. Shortness of breath is associated with QoL, functional
exercise capacity, and postoperative pulmonary complications in
patients after lung cancer surgery[41,42]. Hence, the PRO-based
symptom assessment of shortness of breath using threshold alerts

Table 3
MDASI-LC items for interference with daily living and symptom burden in the two groups (FAS population).

Time relative effect Therapeutic effect

B (95% CI) P App Usual care P

Interference with daily living scores
General activities

Before surgery Ref. 0.05± 0.27 0.00± 0.00 0.19
1 week after discharge 2.23 (1.92–2.55) < 0.001 1.63± 1.68 2.90± 1.65 < 0.001
2 week after discharge 2.06 (1.74–2.38) < 0.001 1.78± 1.63 2.39± 1.45 0.03
Follow-up 0.54 (0.22–0.85) < 0.001 0.39± 0.97 0.74± 1.33 0.09

Walking
Before surgery Ref. 0.00± 0.00 0.03± 0.25 0.31
1 week after discharge 1.47 (1.18–1.76) < 0.001 1.13± 1.45 1.85± 1.72 0.01
2 week after discharge 1.54 (1.24–1.83) < 0.001 1.10± 1.26 2.02± 1.84 0.002
Follow-up 0.23 (–0.06–0.53) 0.11 0.63± 0.39 0.45± 1.12 0.01

Working
Before surgery Ref. 0.00± 0.00 0.00± 0.00 –

1 week after discharge 1.47 (1.11–1.82) < 0.001 0.88± 1.89 2.08± 1.85 < 0.001
2 wk after discharge 1.41 (1.05–1.77) < 0.001 1.05± 1.74 1.79± 1.85 0.03
Follow-up 0.58 (0.23–0.94) < 0.001 0.63± 1.54 0.55± 1.03 0.76

Symptom burden scores
Pain

Before surgery Ref. 0.41± 1.08 0.41± 1.23 0.99
1 week after discharge 2.53 (2.15–2.91) < 0.001 2.31± 1.68 3.56± 1.91 < 0.001
Follow-up 1.47 (1.08–1.85) < 0.001 1.71± 1.81 2.05± 1.45 0.25

Coughing
Before surgery Ref. 0.26± 0.83 0.52± 1.20 0.15
1 week after discharge 1.28 (0.94–1.62) < 0.001 1.35± 1.32 1.98± 1.67 0.02
Return 1.38 (1.04–1.73) < 0.001 1.57± 1.43 1.97± 1.82 0.17

Fatigue
Before surgery Ref. 0.23± 1.16 0.13± 0.65 0.54
1 week after discharge 0.71 (0.41–1) < 0.001 0.35± 0.92 1.42± 1.39 < 0.001
Follow-up 0.52 (0.22–0.82) < 0.001 0.51± 1.16 0.89± 1.63 0.13

Disturbed sleep
Before surgery Ref. 0.56± 1.04 0.59± 1.66 0.89
1 week after discharge 0.8 (0.4–1.21) < 0.001 0.61± 1.41 2.17± 2.00 < 0.001
Follow-up 0.41 (0.01–0.82) 0.05 0.83± 1.24 1.17± 2.14 0.27

Lv et al. International Journal of Surgery (2025)

605



is useful for monitoring and management. Third, 7.4% of the
patients in the app group triggered fever alerts and 1.5% of the
ED visits were caused by postoperative fever. Fever is a common
postoperative symptom observed in patients who have under-
gone surgery, with incidence rates of 14–91%[43]. The reasons
vary for thoracic surgery, including (1) response to injury caused
by the release of pyrogenic cytokines; (2) atelectasis caused by
sputum retention or pleural effusion; and 3) infection caused by
pneumonia, wound infection, or even bronchopleural
fistula[44–46].

The highest PFRR and Borg scores were obtained from
patients in the app group who triggered an alert. Daily aerobic
exercise duration and PI max breathing count were also higher
for the patients who triggered alerts than those who did not. Our
data strongly indicate a potential interaction between symptom
management and functional rehabilitation using this alert
mechanism. The frequency of viewing the educational material,
exercise duration, and exercise intensity were all significantly
higher among the patients who triggered alerts than those who
did not. This finding implies that self-driven awareness invoked
by an alert may encourage patients to follow rehabilitation gui-
dance more actively and monitor their recovery more
professionally via an app guide and instant feedback[47].
Therefore, self-driven rehabilitation combined with a profes-
sional guidance protocol may improve recovery after VATS
lobectomy.

We selected 1 month after surgery as the primary endpoint to
determine the efficacy of the app for two reasons. First, pul-
monary function recovery in previous studies has shown a
maximum function loss in terms of FEV1 and FVC from 2 weeks
to 1 month after lung surgery[4,48,49], which indicates that
patients need help to recover from the effects of surgery during

this period. Second, POD 30 is a key time point to evaluate
clinical outcomes related to lung surgery, such as postoperative
pulmonary complications, mortality, and readmission[44,50–52],
suggesting that assessing pulmonary function recovery within
30 days of surgery is important. Moreover, assessing the PFRR is
better than measuring FVC, especially within 2 weeks to 1 month
of lung surgery[29,49]. Thismay be because FEV1 is an indicator of
airway resistance, which can recover more rapidly from post-
operative aerobic exercise, whereas FVC is related to the residual
lung volume, which is compensated gradually after lobectomy;
therefore, recovery requires a longer period. Future studies could
evaluate long-term pulmonary function recovery to assess chan-
ges in FEV1 and FVC.

This study had some limitations. First, it was conducted at a
single centre with a relatively limited number of enroled patients.
This treatment modality may depend on patients’ education level
and compliance with instructions. A phase III multicentre trial
could confirm the results of this study. Second, the patients in the
usual care groupmay have been indirectly induced andmotivated
when answering detailed questions about daily exercise, which
would have influenced the results of the spirometry test; there-
fore, we only collected the Borg scores of the patients in the usual
care group to reflect their exercise intensity. Hence, we did not
compare the exercise type, frequency, duration, or amount of the
two groups directly. Future research could introduce a more
objective monitoring system (e.g. using wearable devices) to
collect data on exercise intensity and duration as well as patients’
vital sign measurements (e.g. heart rate and oxygen saturation).
Third, we only evaluated the short term postsurgery benefits
resulting from using the app and did not track long-term results
or even survival outcomes due to the difficulty of following up
caused by the COVID-19 pandemic. Surveying satisfaction with

A B C D

E F G H

Figure 5. Borg scores and subgroup analysis of symptom reporting. (A) Borg scores of the two groups (FAS population); (B) Number of symptom alerts; (C) Page
views for patients who did and did not trigger alerts; (D) Exercise length (days) among patients who did and did not trigger alerts; (E) Daily exercise duration (mins)
among patients who did and did not trigger alerts; (F) PI max counts among patients who did and did not trigger alerts; (G) Borg scores among patients who did and
did not trigger alerts and patients in the usual care group; (H) PFRR among patients who did and did not trigger alerts and patients in the usual care group.
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the app 3–6 months after follow-up may be an important sup-
plement to this study. Finally, we collected and selected four core
symptoms and did not manage those not included in the app. The
number of postoperative symptoms that must be reported and
managed remains unknown. Balancing the number of symptoms
and time required to report them using therapeutic equipment
should be considered. Comprehensive outcomes from traditional
parameters, novel rehabilitation indicators, and patient adher-
ence should be adopted to determine the core symptoms and
establish a PRO tool specific for lung surgery.

In conclusion, this POPPER study demonstrated the efficacy of
a smartphone-based app for rehabilitation after discharge in
patients with lung cancer who underwent VATS lobectomy. It
guided the training programme and monitored symptoms using
three related components, partly solving the problem of patient
rehabilitation at home. A phase III study with more patients
recruited from multiple centres is necessary to confirm these
results. With the increasing number of users in real-world prac-
tice, patient management using apps would be further improved
by accumulating adequate data and focusing on highly intelli-
gent, accurate, and individualised algorithms in the future.
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