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Background: With increased early lung cancer screening, synchronous multiple pulmonary nodules are
more frequently detected. However, due to the lack of standardized treatment strategies, their management
remains contentious. This study utilizes patient-reported outcomes (PROs) to assess early postoperative
symptoms and functionality, aiming to determine the optimal resection extent for unilateral multiple
pulmonary nodules.

Methods: In this longitudinal cohort study, 550 patients undergoing single-port video-assisted
thoracoscopic surgery (VATS) for pulmonary nodules were categorized into two groups based on resection
extent: single-lobe and multiple-lobe. The Perioperative Symptom Assessment for Patients Undergoing
Lung Surgery (PSA-Lung) scale was used to measure symptom severity, functional status, and short-term
outcomes preoperatively, daily from postoperative days 1-4, and weekly up to four weeks post-surgery.
Mixed-effects models were used to compare the differences in PRO scores over time.

Results: Among the participants, 416 had single-lobe and 134 had multiple-lobe surgeries. The multiple-
lobe group reported significantly worse symptoms of pain (P=0.04), shortness of breath (P<0.001), disturbed
sleep (P=0.007), and fatigue (P=0.01), along with greater functional impairments in walking (P=0.002) and
daily activities (P=0.002). We then analyzed the distribution of postoperative moderate-severe symptoms
and functional impairment in both groups. We found that the proportion of patients with moderate-
to-severe shortness of breath (P<0.001), disturbed sleep (P<0.001), difficulty in walking (P=0.001), and
difficulty in daily activities (P<0.001) was significantly higher in the multiple-lobe group than in the single-
lobe group. Moreover, patients with multiple-lobe surgeries had a longer recovery time from pain (P=0.02)
and drowsiness (P=0.005) than those with single lobe surgeries. As a matter of course, surgical times were
significantly longer in the multiple-lobe group than in the single-lobe group.

Conclusions: Multiple-lobe surgery patients faced more severe postoperative symptoms and functional
impairments, with extended recovery times. These results advocate for a conservative surgical approach,
favoring long-term monitoring over extensive resection for patients with unilateral multiple nodules without

clear signs of malignancy or progression.
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Introduction

Lung cancer remains a significant global health challenge,
leading both in incidence and as the primary cause of
cancer-related mortality worldwide. The International
Agency for Research on Cancer (IARC) reported that
in 2022, there were approximately 2.5 million new lung
cancer cases and 1.8 million deaths attributable to the
disease globally (1). Advances in early lung cancer screening
have notably increased the detection rates of early-stage
lung cancer and multiple pulmonary nodules (2). Surgery,
particularly radical resection, is one of the effective
treatments for multiple pulmonary nodules (3). This is
especially true for specific patients, such as individuals
where nodules are highly suspicious for malignancy based

Highlight box

Key findings

* For patients with unilateral multiple pulmonary nodules, multiple-
lobe surgery had a greater patient-reported symptom and
functional burden in the early postoperative period than single-
lobe surgery. In addition, the operation time and recovery time
of symptoms and functional impairment were also longer in the
multiple-lobe surgery group.

What is known and what is new?

* Previous studies mainly focused on the diagnosis, treatment
and prognosis of multiple pulmonary nodules, and there were
few comparative studies on postoperative symptoms, functional
recovery and complications.

e Currently, more and more patients are beginning to focus on
quality of life and rapid recovery after surgery. The results of this
study provide new insights into the patient-reported outcomes
in the early postoperative period following nodule resection,
emphasizing patient-centered metrics.

What is the implication, and what should change now?

* Multiple-lobe surgery is associated with more severe symptoms
and functional impairment than single-lobe surgery. Our results
advocate for a conservative surgical approach, favoring long-term
monitoring over extensive resection for patients with unilateral

multiple nodules without clear signs of malignancy or progression.
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on imaging characteristics or growth patterns, and where
comprehensive preoperative assessment supports the
likelihood of a surgical cure. The lack of standardized
treatment strategies often leads to diverse therapeutic
approaches, particularly in deciding whether to monitor,
biopsy, or resect, with significant variations possible
between different doctors or treatment centers. According
to a survey among members of the International Association
for the Study of Lung Cancer (IASLC), 63% recommended
surgical removal, with the number increasing to 81%
among surgeons. The survey also highlighted divergent
opinions on surgical extent, with 75 respondents advocating
for the removal of only the primary lesion, while 63
supported excising both primary and additional lesions (4).
The controversy surrounding the prognostic reliance on the
primary lesion continues to complicate surgical decision-
making regarding the extent of resection required (5,6).
Traditionally, research has focused on the diagnosis
and prognosis of multiple pulmonary nodules, with less
emphasis on comparing postoperative outcomes such
as symptoms, functional recovery, and complications.
Modern surgical advancements have shifted the focus from
merely excising the lesion to prioritizing management of
postoperative symptoms and functional recovery. Evidence
suggests that patient-reported symptoms and complications
provide a reliable and complementary assessment to those
conducted by medical personnel (7). Recognizing this,
the U.S. Food and Drug Administration (FDA) in 2006
endorsed patient-reported outcomes (PROs) as a vital
clinical endpoint, now extensively employed in clinical
trials, drug efficacy evaluations, and healthcare quality
assessments (8-11). PROs cover a broad spectrum, from
symptoms and functional status to quality of life, offering
insights that are often overlooked in conventional clinical
evaluations. PROs, such as those measuring pain, shortness
of breath, and fatigue, provide insights into the day-to-day
challenges patients face after surgery, which are not always
apparent through clinical assessments alone. For example,
while a patient may have a clinically uneventful recovery,
they may still report significant levels of fatigue or disturbed
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sleep, which can substantially impact their quality of life.
The real-time data captured by PROs offer an unparalleled
reflection of the patient’s current condition. Substantial
research supports the utility of PROs in enhancing treatment
planning, prognosis, collaborative decision-making, and
communication between healthcare providers and patients
(7,12-14).

The physical and emotional toll of lung cancer surgery
often results in prolonged postoperative discomfort,
including pain and shortness of breath, significantly
affecting patients’ quality of life (15). A multicenter study has
demonstrated that managing symptoms based on PROs can
significantly mitigate the burden of symptoms and reduce
complications compared to traditional care (16). Moreover,
recent studies highlight the critical role of PRO-based
evaluations in guiding surgical strategies, underscoring their
importance in clinical decision-making (17-19). Given the
potential for both overtreatment and undertreatment in
managing multiple pulmonary nodules, understanding the
impact of different treatment strategies from the patients’
viewpoint is crucial. This approach is particularly pertinent
as the management strategies for pulmonary nodules evolve
and become more patient-centered.

This study leverages the Perioperative Symptom
Assessment for Patients Undergoing Lung Surgery (PSA-
Lung) to develop a comprehensive database of early
postoperative symptoms and functional statuses based on
PROs. It compares the postoperative conditions between
patients undergoing single-lobe versus multiple-lobe
surgeries for unilateral multiple pulmonary nodules. By
adopting a patient-centered perspective, this research aims
to delineate the relative benefits and limitations of varying
surgical extents in treating unilateral multiple pulmonary
nodules. We present this article in accordance with the
STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-702/rc).

Methods
Study design and participants

This longitudinal, observational study included 550 patients
undergoing unilateral multiple pulmonary nodule resection
via single-port video-assisted thoracoscopic surgery (VATYS)
from December 2021 to December 2023. The cohort was
divided into two groups based on the surgical extent: single-
lobe and multiple-lobe resections. Based on the findings of
Dai et al., thoracoscopic lobectomy and sublobar resection
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produce similar symptom burden and functional impairment
in the early postoperative period (18). Therefore, only
patients undergoing lobectomy and sublobar resection
were included in this study, whereas sleeve lobectomy,
combined lobectomy and total pneumonectomy were
excluded. Comprehensive preoperative evaluations assessed
each patient’s general health and tumor status, adhering
to the IASLC lung cancer tumor node metastasis (TINM)
staging system, 8th edition (20). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Ethics Committee of
National Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College (No. 22/301-
3503), with informed consent obtained from all participants.

Inclusion criteria: adults >18 years old; medically cleared
for surgery in preoperative assessments; multiple nodules
confined to unilateral lobes; understanding of the study
procedures. Exclusion criteria: history of thoracic surgeries or
malignancies at other sites; radiographic evidence suggestive
of metastatic disease; prior preoperative treatments;
conversion to open thoracotomy or unplanned secondary
surgeries; types of cancer other than adenocarcinoma; non-
compliance with data collection protocols.

Surgical procedure and management

A consistent surgical technique was ensured by the same
leading surgeon performing all procedures. The incision was
made between the anterior and mid-axillary lines at the third
to fifth intercostal spaces, standardized at 4 cm. A disposable
endoscopic cutter was used for severing vessels, bronchi, and
lung tissues. Postoperatively, a silicone drainage tube was
inserted, with size adjusted based on intraoperative findings.
Patients followed a standardized perioperative protocol,
which excluded the use of intercostal nerve blocks. Pain
management was primarily through intravenous analgesics,
supplemented by oral medications as needed. Patients
resumed a liquid diet and initiated ambulation (800-1,000 m)
on the first postoperative day. Drainage tubes were removed
under strict criteria: effective lung re-expansion, no sign of
air leaks, and drainage below 200 mL in 24 hours. Follow-
ups were scheduled at 4 weeks post-discharge.

Outcomes and measurements

The study primarily compared early postoperative
symptoms and functional statuses between surgical
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approaches using the PSA-Lung scale (21-23), which
includes seven symptom items and two functionality items,
each rated from 0 (none) to 10 (most severe). Yu et al.
have validated the PSA-lung scale for understandability,
reliability, sensitivity, and surgical specificity (24). The
PSA-Lung scale was specifically chosen for its relevance
to pulmonary surgical outcomes, providing focused
insights into respiratory-specific symptoms and post-
surgical recovery that scales like 36-Item Short Form
Survey (SF-36) or EuroQol 5-Dimensions (EQ-5D)
might not fully capture. The PSA-Lung scale allows for a
more detailed assessment of the surgical impact on lung
function and patient comfort, which is crucial for the
population under study. Symptom items include pain,
coughing, shortness of breath, disturbed sleep, fatigue,
drowsy, and distress; function items include walking
and activity. Measurements were taken preoperatively,
daily for the first four postoperative days, and weekly
for four weeks thereafter, totaling nine assessments. The
secondary objective of this study was to evaluate the short-
term clinical outcomes of single-lobe versus multiple-
lobe surgeries. Specific outcomes assessed included the
duration of surgery, postoperative drainage time, hospital
stay length, discharge activity levels, and the rate of early
postoperative complications. These complications were
evaluated according to the classification provided by the
Japanese Society of Clinical Oncology (25). Additionally,
we conducted comparative analyses of demographic and
clinical data between the two groups. These analyses
covered a range of variables: gender, age, body mass index
(BMI), educational background, smoking and alcohol
use, family cancer history, the time from disease onset to
hospitalization, American Society of Anesthesiologists (ASA)
classification (26), age-adjusted Charlson Comorbidity
Index (aCCI) (27), forced expiratory volume in one second
(FEV1), FEV1%, maximum voluntary ventilation (MVYV),
MVV%, diffusing capacity of the lung for carbon monoxide
single breath (DLCO SB), DLCO SB%, and characteristics
of the pulmonary nodules (diameter, nature, location).
Additionally, we assessed the approaches used for lymph
node management and the histopathological types of the
nodules. Nodal characteristics refer to the dominant nodule.
The “dominant nodule” was defined as the nodule with
the largest diameter in the presence of multiple pulmonary
nodules. Nodule diameter refers to the overall size of the
nodule observed on preoperative imaging.

© AME Publishing Company.
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Statistical analysis

Descriptive statistics summarized the demographic and
clinical data. Continuous variables were presented as means
+ standard deviation or medians and interquartile ranges
based on their distribution. Categorical data were analyzed
using frequencies and percentages. The #-test and Mann-
Whitney U test were applied to normally and non-normally
distributed continuous variables, respectively, while the
chi-squared test was used for categorical variables. Mixed-
effects models analyzed the differences in PRO scores over
time, with two-piecewise linear growth models evaluating
the early postoperative symptom and functional statuses.
Kaplan-Meier curves and log-rank tests determined
differences in recovery times, defined as the days required
for symptom and functionality scores to decrease from >4 to
<3 (19). All statistical tests were two-tailed with significance
set at P<0.05, conducted using SPSS version 22.0 and R
software, version 4.3.1.

Results
Patient characteristics

Figure 1 depicts the enrollment process of the 550 patients
in the study, with 416 undergoing single-lobe and 134
undergoing multiple-lobe uniport VATS surgeries. In the
single-lobe group, 159 patients underwent lobectomy and
257 patients underwent sublobar resection. In the multiple-
lobe group, 40 patients underwent lobectomy plus sublobar
resection and 94 patients underwent sublobar combined
sublobar resection. Table 1 details the demographic and
clinical characteristics of these patients. Both groups had a
median age of 57 years, with females comprising over 60%
of each group; the proportion was significantly higher in the
multiple-lobe group (P=0.001). No significant differences
were observed between groups in terms of BMI, education
level, smoking status, alcohol consumption, family cancer
history, time from disease onset to hospitalization, ASA score,
adjusted CCI score, or lung function indices including FEVI,
FEV1%, MVV, DLCO SB, and DLCO SB%.

As shown in Table 2, the median nodule diameter
was slightly smaller in the multiple-lobe group (1.2 cm)
compared to the single-lobe group (1.3 c¢m). Nodule type
was predominantly sub-solid nodes between the two groups,
with the P value being marginal (P=0.050). It appeared that
the right lung was more likely to have multiple nodules,
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821 patients undergoing pulmonary resection enrolled in
an observational non-interventional study

271 excluded:

47 staged bilateral lung nodule resection

1 simultaneous bilateral lung nodule resection
55 types of cancer other than adenocarcinoma
15 metastatic cancer

102 benign tumor

15 neoadjuvant therapy

22 thoracotomy

14 robot-assisted thoracoscopic surgery

Y
e o o o o o o o

Y

550 patients included in this study

v Y

416 single lobe surgery

134 multiple lobe surgery

Figure 1 Patient selection flowchart.

with more than half of the patients with multiple nodules
in the right lung in both groups, and the proportion was
significantly higher in the multiple-lobe group than in
the single-lobe group (P<0.001). Systematic lymph node
dissection was more commonly performed in the multiple-
lobe group (P=0.03). There were no significant differences
in histological types or drainage tube diameter between the
groups.

Patient-reported symptoms and functional status

Using mixed-effects models for the initial univariate
analysis, key clinical characteristics affecting symptoms
and functionality were identified (Table S1). These
characteristics were included in the final model, which
demonstrated that within one-month post-surgery, the
multiple-lobe group reported significantly worse outcomes in
terms of symptoms and functionality (Figure 2). Specifically,
this group experienced higher levels of pain (P=0.04),
shortness of breath (P<0.001), disturbed sleep (P=0.007), and
fatigue (P=0.01) (Figure 24,2C-2E). Functional impairment
such as walking (P=0.002) and performing daily activities
(P=0.002) were also markedly worse in the multiple-lobe
group (Figure 2H,2I). Additionally, though not statistically
significant, scores for cough, drowsiness, and distress were
higher in this group (Figure 2B,2E2G).

We then analyzed the proportion of patients with
moderate-to-severe symptoms and functional impairment
in the early postoperative period in both groups (Figure 3).
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Further analysis showed that a larger proportion of patients
in the multiple-lobe group suffered from moderate-
to-severe shortness of breath (P<0.001) and disturbed
sleep (P<0.001) (Figure 3C,3D). Functional impairments,
specifically difficulty in walking (P=0.001) and daily
activities (P<0.001) (Figure 3H,31), were also significantly
more prevalent in the multiple-lobe group. Distribution of
moderate-to-severe symptoms and functional impairment
was shown in Table S2.

Recovery times

Kaplan-Meier analysis compared the time to recovery from
symptoms and functional interference between the two
groups (Zable 3). Only 69.1% of the patients were able to
return their cough symptoms to no/minimal levels within
1 month after surgery. For other symptoms and functional
interference, more than 80% of patients could recover to
the level of none/mild. The mean recovery time for pain
(P=0.02) and drowsiness (P=0.005) was significantly longer
in the multiple-lobe group compared to the single-lobe
group. The time to alleviate disturbed sleep was also longer
in multiple-lobe group, bordering on statistical significance
(P=0.050).

Short-term clinical outcomes

Table 4 summarizes the short-term clinical outcomes.
Median surgical time was notably longer for the multiple-
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Table 1 Preoperative patient characteristics
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Variables Single-lobe surgery (N=416) Multiple-lobe surgery (N=134) P value
Sex 0.001
Male 149 (35.8) 28 (20.9)
Female 267 (64.2) 106 (79.1)
Age (years) 57.00 (50.00-64.00) 57.00 (49.75-66.00) 0.66
BMI (kg/m?) 23.88 (22.03-25.55) 23.74 (21.64-25.52) 0.60
Education level 0.93
< high school 275 (66.1) 88 (65.7)
> high school 141 (33.9) 46 (34.3)
Smoking status 0.12
Never 314 (75.5) 112 (83.6)
Current 33(7.9) 9(6.7)
Former 69 (16.6) 13 (9.7)
Alcohol consumption 0.15
Never 335 (80.5) 117 (87.3)
Current 65 (15.6) 12 (9.0)
Former 16 (3.8) 5(3.7)
Family history of cancer 0.19
No 280 (67.3) 82 (61.2)
Yes 136 (32.7) 52 (38.8)
Time between onset and treatment (months) 0.46
<3 190 (45.7) 52 (38.8)
>3t06 69 (16.6) 26 (19.4)
>6 to 12 42 (10.1) 18 (13.4)
>12 115 (27.6) 38 (28.4)
ASA classification 0.90
1 257 (61.8) 82 (61.2)
>1 159 (38.2) 52 (38.8)
aCCl score 0.53
<2 196 (47.1) 59 (44.0)
>2 220 (52.9) 75 (56.0)
FEV1 (L) 2.52 (2.13-3.03) 2.52 (2.19-2.78) 0.56
FEV1% 99.70 (87.50-109.18) 100.80 (89.25-112.32) 0.23
MWV (L/min) 83.13 (64.08-103.44) 87.81 (69.22-103.44) 0.30
MWV % 82.69+23.58 88.32+21.03 0.01
DLCO SB (mmol/min/kPa) 7.30 (6.33-8.72) 7.10 (6.27-8.48) 0.21
DLCO SB% 90.10 (79.20-102.48) 89.45 (81.53-100.55) >0.99

Data are presented as median (interquartile range), n (%) or mean = standard deviation. BMI, body mass index; ASA, American Society of
Anesthesiologists; aCCl, age adjusted Charlson comorbidity index; FEV1, forced expiratory volume in 1 second; MVV, maximal voluntary
ventilation; DLCO SB, diffusion capacity of carbon monoxide single breath.
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Variables Single-lobe surgery (N=416) Multiple-lobe surgery (N=134) P value
Nodule diameter (cm) 1.30 (0.93-2.00) 1.20 (0.90-2.00) 0.51
Nodule type 0.050
Pure GGO 131 (31.5) 49 (36.6)
Subsolid 192 (46.2) 68 (50.7)
Pure solid 93 (22.4) 17 (12.7)
Nodule location <0.001
Left lung 197 (47.4) 39 (29.1)
Right lung 219 (52.6) 95 (70.9)
Surgical procedures 0.12
Lobectomy 159 (38.2) 40 (29.9)
Segmentectomy 187 (45.0) 63 (47.0)
Wedge resection 70 (16.8) 31 (23.1)
Type of lymphadenectomy 0.03
Lymph node sampling 139 (33.4) 31 (23.1)
Systematic lymph node dissection 277 (66.6) 1083 (76.9)
Histological type 0.16
Adenocarcinoma in situ 77 (18.5) 25(18.7)
Minimally invasive adenocarcinoma 112 (26.9) 47 (35.1)
Invasive adenocarcinoma 227 (54.6) 62 (46.3)
TNM stage 0.92
0 77 (18.5) 25 (18.7)
IA 315 (75.7) 100 (74.6)
B 24 (5.8) 9 (6.7)
Drainage tube diameter 0.74
Thin (size: 15 Fr, 5 mm) 115 (27.6) 39 (29.1)
Thick (size: 22 Fr, 7.3 mm) 301 (72.4) 95 (70.9)

Data are presented as median (interquartile range) or n (%). GGO, ground-glass opacity; TNM, tumor node metastasis.

lobe group (P<0.001). No significant differences were
observed in median postoperative hospital stays, drainage
times, discharge score, or complication rates between the
groups.

Discussion

This study elucidates the differences in symptom burden,
functional status, short-term clinical outcomes, and recovery
times between single-lobe and multiple-lobe surgeries for

© AME Publishing Company.

unilateral multiple pulmonary nodules. Patients undergoing
multiple-lobe surgeries reported more severe symptoms and
functional impairments, a higher incidence of moderate-to-
severe symptoms, and longer surgical and recovery times
compared to those undergoing single-lobe surgeries. This
investigation is pioneering in its use of PROs to determine
the optimal surgical extent for treating multiple pulmonary
nodules, a dimension not previously explored.

Traditionally, surgical evaluations for multiple pulmonary
nodules have relied on clinical indices such as operation
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Figure 2 Patient-reported outcome of single-lobe operation versus multiple-lobe operation after surgery. (A) Pain. (B) Coughing. (C)
Shortness of breath. (D) Disturbed sleep. (E) Fatigue. (F) Drowsy. (G) Distress. (H) Walking. (I) Activity.

time and hospital stay (28,29). These metrics, while useful,
often overlook the subjective experiences of patients, which
can provide critical insights into the postoperative quality of
life and recovery. With the adoption of enhanced recovery
protocols in thoracic surgery, the limitations of traditional
clinical indices have become more apparent, necessitating
a shift towards more holistic and patient-centered care
models. Our study leverages PRO-based symptom reporting
to provide a nuanced understanding of postoperative
recovery, aligning with recent shifts in healthcare towards
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patient-centered outcomes (30).

Our findings indicate that more extensive surgery,
associated with multiple-lobe resections, exacerbates early
postoperative symptoms such as pain, shortness of breath,
and disturbed sleep. These symptoms are likely exacerbated
by the larger volume of lung tissue resected, which can
significantly disrupt normal physiological functions and
delay recovery. Additionally, functional impairments,
including difficulties in walking and daily activities, were
more pronounced in the multiple-lobe group, reflecting the
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Figure 3 Distribution of moderate-to-severe symptoms and functional interference. (A) Pain. (B) Coughing. (C) Shortness of breath. (D)
Disturbed sleep. (E) Fatigue. (F) Drowsy. (G) Distress. (H) Walking. (I) Activity. ns, no significance; **, P<0.01; ***, P<0.001.

greater physical toll of these surgeries. Considering that the
differences in recovery times and symptom scores between
the single-lobe and multiple-lobe groups were usually small,
caution is still warranted in interpreting the significant
differences in the proportions of patients with moderate-to-
severe symptoms and functional impairment between the
two groups.

Interestingly, the recovery from cough, a common
postoperative symptom, was prolonged in both surgical
groups, with the lowest proportion of patients achieving

© AME Publishing Company.

resolution within the first month post-surgery. This
symptom persistence underscores the need for targeted
interventions to alleviate cough and improve patient
comfort during recovery (31).

Demographically, a significant majority of our study
participants were female, mirroring trends seen in other
studies where women and non-smokers are more likely to
develop multiple pulmonary nodules (32,33). The timing
of treatment post-detection showed a bimodal distribution,
with a considerable number of patients either opting for
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Table 3 Recovery time for symptoms and functional interference after surgery

Single lobe operation (n=416)

Multiple lobe operation (n=134)

Total
oo ) Oy "y O member0) T
Pain 2.1 (1.9-2.3) 357 (94.9) 40 2.8 (2.1-3.5) 118 (96.7) 12 475 (95.4) 0.02
Coughing 9.0 (8.1-9.9) 201 (66.8) 115 8.9 (7.6-10.3) 85 (75.2) 21 286 (69.1) 0.92
Shortness of breath 4.9 (4.3-5.6) 233 (81.5) 130 5.7 (4.4-7.0) 91 (80.5) 21 324 (81.2) 0.29
Disturbed sleep 3.1(2.7-3.6) 308 (88.0) 66 4.2 (3.2-5.3) 108 (89.3) 13 416 (88.3) 0.050
Fatigue 2.8 (2.4-3.9) 230 (88.8) 157 3.5 (2.5-4.6) 83 (90.2) 42 313 (89.2) 0.23
Drowsy 2.1 (1.8-2.4) 201 (94.8) 204 3.4 (2.5-4.3) 76 (96.2) 55 277 (95.2) 0.005
Distress 4.6 (3.6-5.7) 94 (78.3) 296 4.1 (2.5-5.7) 39 (92.9) 92 133 (82.1) 0.58
Walking 2.2 (1.8-2.5) 248 (96.5) 159 2.3(1.7-2.9) 85 (92.4) 42 333 (95.4) 0.73
Activity 2.1 (1.7-2.4) 158 (96.3) 252 2.2 (1.7-2.7) 64 (95.5) 67 222 (96.1) 0.64
Cl, confidence interval.
Table 4 Short-term clinical outcomes
Variables Single lobe surgery (N=416) Multiple lobe surgery (N=134) P value
Operative time (min) 92.00 (68.00-113.00) 106.50 (83.00-140.25) <0.001
Postoperative hospital stay (days) 4.00 (3.00-5.00) 4.00 (3.00-6.00) 0.11
Drainage time (days) 3.00 (3.00-4.00) 3.00 (3.00-5.00) 0.10
Discharge score 70.00 (65.00-80.00) 75.00 (65.00-80.00) 0.22
Complications 63 (15.1) 23(17.2) 0.58

Data are presented as median (interquartile range) or n (%).

immediate surgery within 3 months of diagnosis or delaying
treatment for over a year. The predominance of nodules
in the right lung is consistent with anatomical expectations
and the observed high incidence of invasive adenocarcinoma
necessitated frequent systematic lymph node dissections.
However, approximately half of the patients in both groups
underwent surgery for adenocarcinoma in situ (AIS) or
minimally invasive adenocarcinoma (MIA), which are
often low-risk, early-stage lesions. While these tumors are
associated with an excellent prognosis and may not impact
survival in the long term, surgical resection was considered
based on the patient preferences, tumor characteristics,
and the potential risk of progression. In clinical practice,
these decisions are individualized and surgery may be
recommended even for low-risk lesions. However, we
acknowledge that the long-term benefits of surgery in these
patients warrant further exploration, and future studies
should aim to better define the optimal management

© AME Publishing Company.

approach for AIS and MIA. Furthermore, while lesser
resections might lead to faster recoveries and less immediate
postoperative distress as suggested by our findings, it is
essential to verify that these benefits do not compromise
long-term oncological safety. Therefore, we suggest future
research efforts should focus on longitudinal studies that
track both PROs and survival outcomes to ensure that the
surgical strategy not only optimizes immediate recovery but
also maximizes the long-term health and survival of patients.

While our study provides novel insights into the impact
of surgical extent on patient outcomes using PROs, it is
not without limitations. The single-surgeon design of this
study, with all procedures performed by the same leading
surgeon, may limit the generalizability of the findings. The
need for multicenter studies to validate and extend these
results is emphasized. Although statistically significant
differences were observed between the single-lobe and
multiple-lobe surgery groups for several postoperative
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symptoms and functional impairments, the effect sizes
were small. This highlights the need for caution when
interpreting the clinical relevance of statistically significant
findings. While PROs offer valuable insights into the
patient experience, it is important to acknowledge their
limitations. PROs inherently reflect subjective patient
perceptions, which can vary widely between individuals due
to factors such as psychological state, cultural background,
and personal coping mechanisms. This variability can
introduce a degree of inconsistency in the data, which
may impact the interpretation of results. Additionally,
the reliability of PROs is heavily dependent on the use of
validated measurement tools. In our study, we employed the
PSA-Lung scale, which has been demonstrated to be both
reliable and sensitive in capturing postoperative symptoms
and functional impairments. However, even validated scales
are not immune to biases, and their ability to capture the
full range of a patient’s experience may be limited by their
design. Future studies should continue to refine and validate
PRO scales to ensure they capture the most relevant
symptoms and functional domains while minimizing
subjectivity. The decision to measure PROs weekly post-
discharge may have led to missed opportunities to capture
more granular changes in patient status, suggesting that
future research might explore different measurement
frequencies. Lastly, the restriction of PRO measurements
to the first postoperative month may omit longer-term
changes in patient health and recovery, advocating for
extended follow-up periods in future studies.

Conclusions

This study demonstrates that extensive surgical resection
involving multiple lobes for unilateral multiple pulmonary
nodules significantly increases the postoperative symptom
burden and functional impairments. Patients undergoing
multiple-lobe surgeries experienced longer operation
times and extended periods of recovery for symptoms
and functionality compared to those undergoing single-
lobe surgeries. These findings suggest that an aggressive
resection approach is not necessarily advisable for all cases
of unilateral multiple pulmonary nodules. For nodules
across different lobes that do not exhibit clear malignant
tendencies or progressive behavior, a strategy of long-
term monitoring may be more appropriate than extensive
surgical intervention. This approach aligns with patient-
centered care principles, potentially leading to better overall
patient outcomes by minimizing unnecessary surgical risks

© AME Publishing Company.
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and enhancing quality of life postoperatively.
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