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ABSTRACT

Objectives: To identify factors associated with prolonged postoperative length of
stay (LOS) after VATS lobectomy (VATS-L), explore potential intersurgeon varia-
tion in LOS and ascertain whether or not early discharge influences hospital read-
mission rates.

Methods: We conducted a retrospective analysis of patients who underwent
VATS-L at a single academic center between 2018 and 2021. Each VATS lobectomy
procedure was performed by 1 of 7 experienced thoracic surgeons. The primary
end point of interest was prolonged LOS, defined as an index LOS >3 days.

Results: Among 1006 patients who underwent VATS lobectomy, 632 (63%) had a
prolonged LOS. On multivariate analysis, the factors independently associated with
prolonged LOS were: surgeon (P <.001), patient age (odds ratio [OR], 1.03; 95% Cl,
1.02-1.06), operation time (OR, 1.01; 95% Cl, 1.01-1.07), postoperative complication
(OR, 3.60; 95% Cl, 2.45-5.29), and prolonged air leak (OR, 8.95; 95% Cl, 4.177-19.23).
There was no significant association between LOS and gender, body mass index,
coronary artery disease, prior atrial fibrillation, American Society of Anesthesiolo-
gists score >3, and prior ipsilateral thoracic surgery or sternotomy. There was no
association between LOS <3 days and hospital readmission (20 [53%] vs 39
[59%7; OR, 0.88; 95% Cl, 0.50-1.53).

Conclusions: An intersurgeon variation in postoperative LOS after VATS-L exists
and is independent of patient baseline characteristics or perioperative complica-
tions. This variation seems to be more closely related to differences in postopera-
tive management and discharge practices rather than to surgical quality.
Postoperative discharge within 3 days is safe and does not increase hospital read-
missions. (JTCVS Open 2024;18:253-60)
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CENTRAL MESSAGE
Intersurgeon differences in

postoperative management play
a pivotal role in determining
length of stay after VATS lobec-
tomy. Early discharge remains a
safe and feasible approach for
patients.

PERSPECTIVE

This study underscores that intersurgeon varia-
tion in postoperative management and discharge
practices significantly influence length of stay
following VATS lobectomy, independent of pa-
tient baseline characteristics or perioperative
complications. Moreover, discharging patients
within 3 days postoperation is a safe practice
that doesn’t elevate hospital readmission rates.
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Abbreviations and Acronyms
ASA = American Society of Anesthesiologists
BMI = body mass index
CHUM = Research Center du Centre Hospitalier de
I’Université de Montréal

COPD = chronic obstructive pulmonary disease
ERAS = enhanced recovery after surgery
FEV1 = forced expiratory volume in 1 second
LOS = length of stay

VATS-L = video-assisted thoracoscopic surgery
lobectomy

Lung cancer is the leading cause of cancer-related deaths
worldwide."” Video-assisted thoracoscopic surgery lobec-
tomy (VATS-L) has emerged as among the preferred surgi-
cal techniques over traditional open thoracotomy due to its
minimally invasive nature and associated lower complica-
tion rates and postoperative pain.”* The direct operative
cost of VATS-L has been shown to be higher when
compared with open lobectomy, whereas the overall cost
per patient operated has been shown to be less expensive
with VATS-L, largely influenced by shorter length of stay
(LOS) and lower readmission rate.”” For surgical
patients, hospital LOS is the most critical component of
hospitalization cost. 10 Hence, to obtain the total cost advan-
tage related to VATS-L, it is important to optimize LOS.

Several factors are known to influence postoperative LOS
after lung cancer surgery, including patient characteristics,
the extent and location of the tumor, surgical technique,
and postoperative complications.'' However, intersurgeon
differences in perioperative care and discharge preferences
may also play a role in LOS variation.

Thus, the primary objective of this study was to identify
the factors associated with prolonged postoperative LOS af-
ter VATS-L and evaluate the influence of intersurgeon vari-
ation on LOS. In addition, we also aim to evaluate the
association between early postoperative discharge and hos-
pital readmission rates.

Enhanced recovery after surgery (ERAS) protocols,
which aim to improve patient recovery and standardize
postoperative patient management,'>'? have been shown
to reduce LOS and cost of hospitalization while improving
quality of life and patient satisfaction in various surgical
specialties, including colorectal surgery, gastric surgery,
and orthopedic surgery.'>'*"

Our hypothesis is that nonstandardized peri- and postop-
erative care pathways may result in prolonged LOS and in-
tersurgeon variations in LOS. This study is novel and is
conducted as a quality improvement initiative to demon-
strate the need for standardized care pathways in our
institution.
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MATERIALS AND METHODS
Ethics

The Institutional Review Board of the Research Center du Centre Hos-
pitalier de I’Université de Montréal (CHUM) approved this study (#22.104;
July 28, 2022) and waived the need for informed consent.

Design and Population

This study is a single-center retrospective analysis of consecutive adult
patients who underwent VATS-L at the CHUM, an academic center in
Montreal, Québec, Canada, between 2018 and 2021. The data were re-
viewed from a prospectively maintained thoracic surgery database. Inclu-
sion criteria comprised adult patients (aged 18 years or older) who
underwent VATS-L for lung cancer between 2018 and 2021 at the
CHUM. Our study also included patients who underwent neoadjuvant
chemotherapy or immunotherapy. Patients who underwent other types of
lung resections, such as bilobectomy, pneumonectomy, sleeve resection,
chest wall resection, segmentectomy, and wedge resection, were excluded
from the analysis. Patients who were converted to open thoracotomy were
also excluded from the study.

Outcomes

The study’s primary outcome measure was prolonged LOS, which we
defined as an index postoperative LOS exceeding 3 days following
VATS-L surgery. In determining a prolonged LOS as >3 days, we were
guided by the real-world performance of 2 surgeons in our study group.
These surgeons consistently achieved a median LOS of 3 days without
any observed compromise in patient outcomes. Whereas the study’s overall
median LOS was 4 days (interquartile range [IQR], 3-6 days), we posited
that the 3-day benchmark set by these surgeons represents a practical and
achievable standard for optimizing patient care and turnover. Our second-
ary outcome measure was hospital readmission within 60 days after
discharge. We specifically investigated the influence of prolonged LOS
on hospital readmission rates during this time frame. We chose a more se-
vere definition of readmission (60 days as opposed to the conventional
30 days) to encompass a broader range of potential readmissions and to
avoid underestimating readmission rates pertinent to the short length of
stay cohort.

Associations

The main associative variable under investigation was the surgeon who
performed the VATS-L procedure. All surgeries were conducted by 1 of 7
Board-certified thoracic surgeons. In addition, we considered various pa-
tient demographic and clinical data, including sex, age, body mass index
(BMI), chronic obstructive pulmonary disease (COPD), heart failure, prior
atrial fibrillation, coronary artery disease, American Society of Anesthesi-
ologists (ASA) class >3 and forced expiratory volume in 1 second (FEV1).
‘We also recorded any history of previous ipsilateral thoracic surgery or pre-
vious sternotomy.

During the perioperative period, we collected data on conversion to
open thoracotomy (yes/no), operative time (in minutes), and whether blood
loss exceeded 400 mL. Finally, we gathered postoperative information such
as hospital length of stay (in days), the presence of any postoperative
complication and the occurrence of prolonged air leak, which we defined
as the presence of chest tube drainage for a duration of 5 days. The defini-
tion of prolonged air leak in this study is >5 days.

Statistical Analysis

Statistical analysis was performed using SPSS statistical software,
version 27 (IBM-SPSS Inc). Descriptive characteristics are presented as
median and IQR for continuous parameters and frequency distributions
(number and proportion) for categorical parameters for all patient
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demographic and baseline characteristics. A univariate model was used to
identify risk factors significantly associated with prolonged LOS.
Multivariate logistic regression was used to explore the independent
association between these parameters and LOS. The development of the
multivariate models followed a systematic approach that included the use
of bivariate analyses for the identification of potential associations.
Variables showing a noteworthy statistical association, or important clinical
associations, as indicated by a more than 2-fold difference with respect to the
accuracy distribution, were included in the multivariate models. Stepwise
selection methods will be used to develop the final frameworks. Models
with the lowest Akaike Information Criterion values are selected.

RESULTS
Patient Characteristics

Amongst 1006 adult patients who underwent VATS-L be-
tween 2018 and 2021, the overall median LOS was 4 days
(IQR, 3-6 days). Patients were classified into 2 groups based
on their postoperative LOS: 374 (37%) who stayed <3 days
and 632 (63%) who stayed >3 days. Baseline clinical char-
acteristics stratified by LOS are shown in Table 1.

The median age and BMI of the patients was 68 years
(IQR, 61-73 years) and 27 (IQR, 24-30), respectively. The
study included 593 (59%) female patients. Female sex
and BMI were not significantly associated with postopera-
tive LOS. Patients with a prolonged LOS were significantly
older than those with an LOS >3 days (69 years; IQR, 63-
74 years) versus 66 years (IQR, 59-72 years), respectively;
(P <.00).

Comorbidities such as coronary artery disease were pre-
sent in 125 (12%) patients, prior atrial fibrillation in 79
(8%) patients, heart failure in 11 (1%) patients, and ASA
class >3 in 4 (0.5%) patients. There was no significant

difference in incidence of these comorbidities between pa-
tients with an LOS <3 days and those with a prolonged
LOS. However, 357 (36%) of the patients had COPD,
among whom 251 (40%) had prolonged LOS compared
with 106 (28%) who had an LOS <3 days (P <.01). Pa-
tients with prolonged LOS also had a lower FEV1 than
those with an LOS <3 days (91% vs 95%, respectively;
P = .01). Rates of prior sternotomy and prior ipsilateral
thoracic surgery were similar between the 2 groups and
not significantly associated with postoperative LOS.

Surgical and Postoperative Data

Surgical and postoperative data stratified by LOS are pre-
sented in Table 2. The median duration of the operation was
101 minutes (IQR, 80-133 minutes), with patients with an
LOS of >3 days having a longer operation duration than
those with an LOS of <3 days (109 vs 90 minutes;
P <.01) (see Table 2). Two hundred thirty-nine (32%) pa-
tients lost >400 mL blood, with the incidence of this
complication being significantly higher in cases where the
LOS was of >3 days (171 [26%] vs 68 [18%]; P <.01).
Postoperative complications occurred in 373 (36%) pa-
tients, affecting 315 (47%) patients with a prolonged
LOS and only 58 (16%) of patients with an LOS of
<3 days (P <.01). The complication rates varied signifi-
cantly between surgeons (P < .01) (see Table 3). Finally,
prolonged air-leak occurred in 262 (26%) of the patients,
with a significantly higher incidence in patients with an
LOS of >3 days (254 [40%] vs 8 [2%], respectively;
P <.01).

TABLE 1. Clinical characteristics of patients undergoing video-assisted thoracoscopic surgery lobectomy according to length of stay (LOS)

Baseline patient characteristic All patients (N = 1006) LOS <3d (n = 374) LOS >3 d (n = 632) P value

Age (y) 68 (61-73) 66 (59-72) 69 (63-74) <.01
Female sex 593 (59) 219 (59) 374 (60) .85
Body mass index 27 (24-30) 27 (24-30) 27 (23-30) 23
Coronary artery disease 125 (12) 40 (11) 85 (13) .20
Chronic obstructive pulmonary disease 357 (36) 106 (28) 251 (40) <.01
Prior atrial fibrillation 79 (8) 21 (6) 58 (9) .04
Heart failure 11 (1) 1 (0) 10 (2) .04
Forced expiratory volume in 1 s (%) 93 (80-105) 95 (83-105) 91 (78-105) .02
American Society of Anesthesiologists score > 3 4 (0) 0 (0) 4 (1) 15
Prior sternotomy 38 (4) 92 29 (5) .08
Induction therapy .80

None 970 (96) 358 (96) 611 (97)

Radiation 3 (0) 1 (0) 2 (0)

Systemic therapy* 32 (3) 14 (4) 18 (3)

Chemoradiation 2 (0) 1(0) 1(0)

Values are presented as median (range) or n (%). LOS, Length of stay. *Systemic therapy includes chemotherapy or patients who received chemotherapy with or without immu-

notherapy as part of a clinical trial.
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TABLE 2. Surgical and postoperative parameters of patients undergoing video-assisted thoracoscopic surgery lobectomy according to length of

stay (LOS)
Surgical and postoperative data All patients (N = 1006) LOS <3d (n = 374) LOS >3d (n = 632) P value
Operation duration (min) 101 (80-133) 90 (72-115) 109 (87-143) <.01
Blood loss >400 mL 219 (22) 67 (18) 152 (24) .02
Any postoperative complication 354 (35) 57 (15) 297 (47) <.01
Prolonged air-leak 262 (26) 8(2) 254 (40) <.01

Values are presented as median (range) or n (%). LOS, Length of stay.

Intersurgeon Variations in Postoperative LOS

The number of cases per surgeon is presented in Table 4.
Due to privacy considerations, additional details about the
surgeons are not provided. We found significant variability
(P <.01) in postoperative LOS following VATS-L across
the 7 surgeons. The distribution of postoperative LOS for
each of surgeon is also presented in Table 4. The median
postoperative LOS ranged from 3 to 7 days across the 7 sur-
geons, indicating substantial intersurgeon variation in post-
operative care pathway. Furthermore, the IQR for
postoperative LOS also varied greatly among the 7 sur-
geons. The surgeon with the greatest IQR spanned
5.25 days (from 5 to 10.25), indicating the greatest variation
in LOS post-VATS-L. Conversely, the surgeon with lowest
IQR spanned 2.5 days (from 3 to 5.5), demonstrating greater
consistency in their patients LOS post-VATS-L. The per-
centage of patients with an LOS >3 days ranged from
37% to 92% across the 7 surgeons (P <.01).

Multivariate Analysis

Multivariate analysis was conducted to identify factors
that were independently associated with prolonged hospital
LOS following VATS-L surgery for lung cancer. The fac-
tors, their respective odds ratios (OR) and 95% CI of expe-
riencing prolonged LOS are depicted in Table 5.

The surgeon performing VATS-L was independently
associated with prolonged LOS. Four surgeons had signifi-
cantly lower odds of operating on patients who experienced
prolonged hospital LOS than those operated on by the
referent surgeon (Figure 1). The surgeon with the lowest

TABLE 3. Rates of postoperative complications per surgeon

Surgeons Rates of complications P value
1 68/213 (32) <.01
2 50/121 (41)

3 18/89 (20)

4 81/249 (33)

5 38/121 (31)

6 36/90 (40)

7 63/123 (52)

Values are presented as n/N (%).
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odds of treating patients with prolonged LOS had an OR
of 0.08 (95% CI, 0.04-0.18). However, patients of 2 of
the surgeons did not show significantly lower odds of pro-
longed LOS than those of the referent surgeon, as indicated
by their ORs of 0.41 (95% CI, 0.17-1.01) and 0.49 (95%
CI, 0.22-1.10).

Increasing age was independently associated with
prolonged hospital LOS, with an OR of 1.04 (95% CI,
1.02-1.06) per year increase in age. In contrast, respiratory
comorbidities such as COPD and FEV1 showed no
independent association with prolonged LOS, as evidenced
by their OR of 1.10 (95% CI, 0.77-1.59) and 0.98 (95% CI,
0.92-1.06), respectively. Our analysis also showed that
operation duration (OR, 1.01; 95% CI, 1.00-1.01 per
minute increase in operation time), the presence of any
postoperative  complications (OR, 2.85; 95% (I,
1.92-4.24) and prolonged air leak (OR, 17.65; 95% CI,
8.30-37.55) were all independently associated with
prolonged hospital LOS. However, blood loss > 400 mL
showed no independent association with prolonged LOS,
as evidenced by an OR of 1.24 (95% CI, 0.80-1.93).

Influence of Prolonged LOS on 60-Day Readmission
Fifty-nine (6%) patients were readmitted to the hospital
within 60 days after discharge following VATS-L. There
was no significant difference in readmission rate between
patients with an LOS >3 days and those with an LOS
<3 days (39 [5.9%] vs 20 [5.3%], respectively; P = .65).

DISCUSSION

In this retrospective study, we demonstrated that there is a
significant intersurgeon variation in post-operative LOS af-
ter VATS-L, even after accounting for baseline patient char-
acteristics and perioperative complications (Figure 2).
Additionally, our findings reveal that age, operation dura-
tion, postoperative complications and prolonged air leak
are also factors independently associated with prolonged
LOS following VATS-L. Lastly, discharge after VATS-L
within the first 3 days of admission is not associated with
increased 60-day readmission. These findings are relevant
to clinical practice, providing important insights for
develop preoperative risk stratification and surgical deci-
sion making in VATS-L surgery.
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TABLE 4. Intersurgeon variation in length of stay (LOS) (in days) of their patients

Surgeon No. of patients (% of overall cohort) Median (IQR) LOS (d) Proportion of patients with LOS >3 d (%) P value
1 213 (21) 3(2-45) 781213 (37) <.01
2 121 (12) 3 (2-6) 57/121 (47)

3 89 (9) 4 (3-5.5) 67/89 (75)

4 249 (25) 4 (3-6) 159/249 (64)

5 121 (12) 4 (4-6) 92/121 (76)

6 90 (9) 5 (3-7) 67/90 (74)

7 123 (12) 6.5 (5-10) 112/123 (91)

LOS, Length of stay.

The finding that increasing age independently predicted a
longer LOS is consistent with previous literature'®'® and
suggests that older patients may require more time to
recover and be discharged after surgery. Age is therefore
a relevant factor to consider when devising postoperative
care plans and stratifying risk post VATS-L.

Respiratory comorbidities, such as COPD and dimin-
ished FEV1 were not independently associated with pro-
longed postoperative LOS. However, this finding does not
undermine the importance of optimizing respiratory func-
tion before surgery to minimize the risk of prolonged
LOS." This conclusion diverges from previous studies.
For instance, Wright and colleagues'® demonstrate that
poor pulmonary function is a significant predictor of pro-
longed LOS following thoracic surgery. We suspect that
this discrepancy is related to the fact that our model

TABLE 5. Multivariate analysis

Variables associated with prolonged

length of stay Odds ratio (95% CI)
Surgeon
1 0.08 (0.04-0.18)
2 0.09 (0.04-0.21)
3 0.41 (0.17-1.01)
4 0.31 (0.15-0.67)
5 0.49 (0.22-1.10)
6 0.34 (0.15-0.80)

7 1.00*

1.04 (1.02-1.06)
1.10 (0.77-1.59)
0.98 (0.92-1.06)

Age, per year
Chronic obstructive pulmonary disease

Forced expiratory volume in 1 s (%),
per 10% increments

Atrial fibrillation 1.49 (0.82-2.72)

1.01 (1.00-1.01)

1.24 (0.80-1.93)

2.85(1.92-4.24)

17.65 (8.30-37.55)

Operation duration, per minute
Blood loss >400 mL
Any postoperative complication

Chest-tube duration >5 d

CI, Confidence interval. *Reference category.

considered COPD and postoperative complications, which
were not considered in Wright colleagues’ study. These fac-
tors may create a strong codependence with FEV1, possibly
explaining why pulmonary function was not identified as
significantly associated with LOS in our model.

Operation duration showed an independent association
with prolonged LOS. As prior authors have demonstrated,
prolonged operative time in VATS lobectomy is signifi-
cantly correlated with post-operative complications,”” and
hence, efforts to minimize intraoperative time, may repre-
sent effective strategies for improving cost-effectiveness.
Operation duration; however, may be a surrogate for
complicated surgery and other factors that were not
included in this analysis, which could be associated with
longer postoperative recovery. Patient safety must remain
a priority and shortening operative time or avoiding conver-
sion should not compromise surgical quality or outcomes.
As expected, the presence of postoperative complications
was significantly associated with prolonged LOS, under-
scoring the importance of optimizing perioperative care.”'

Our study also revealed significant intersurgeon vari-
ability in postoperative LOS following VATS-L. This vari-
ability was observed even after adjusting for baseline
patient characteristics and perioperative complications.
Differences in surgeon practice patterns, personal choice
of perioperative management or discharge criteria may ac-
count for this variability. For example, some surgeons have
different thresholds for discharge or different postoperative
care protocols that can contribute to differences in LOS.

This study was initiated in response to the perceived lack
of standardized postoperative pathways, with the recogni-
tion that discharge times seem more reliant on individual
surgeons’ preference and intuition than on consistent, insti-
tutionwide protocols. Such variability is evident in chest
tube management. Standard practice for most surgeons in-
volves setting the chest-tube to wall suction at
—20 cm H,O for an initial 12 to 24 hours, followed by a
switch to water seal, whereas others do not routinely use
suction. Furthermore, the criteria for chest tube removal is
left to surgeon discretion and is not standardized amongst

JTCVS Open ¢ Volume 18, Number C 257
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FIGURE 1. The lower and upper borders of the box represent the lower
and upper quartiles (25th percentile and 75th percentile). The middle hor-
izontal line represents the median. The lower and upper whiskers represent
the minimum and maximum values of nonoutliers. Extra dots represent
outliers.

surgeons. For example, some surgeons in the group consider
it acceptable to remove the chest tube in the absence of an
air leak and with less than 400 cc fluid drained over 24 hours.
Other, more conservation surgeons, require less than 300 cc
or even 200 cc per 24 hours. Moreover, chest tubes are not
automatically removed by all surgeons when these criteria
are met; this decision stays at the surgeon’s discretion.
The nonstandardized management of chest tubes likely ex-
acerbates the prolonged LOS. Indeed, it’s been shown that
ERAS pathways focusing on proactive chest-tube manage-
ment, including no routine use of suction, removal of tube at
a higher threshold (<450 mL/24 hours) of serious fluid
output are safe and lead to superior patient outcomes.”” "
Enhanced chest-tube management may also lead to earlier
mobilization and lower opioid use. A further point of diver-
gence is the discharge protocol of patients with chest tubes.
Some surgeons are comfortable with discharging patients
with a Heimlich valve, whereas others are not. In contrast,
the pain management protocols are more standardized
across the surgical team. Epidural anesthesia is a standard
procedure for several surgeons and is managed by a dedi-
cated postoperative pain management anesthesia service.
Following this, the transition to stepdown pain regimens
is guided by a structured process based on patient-specific
factors such as weight and age.

The finding that some surgeons consistently demonstrated
shorter LOS than others, and that this association remains
significant on multivariate analysis, after controlling for
patient characteristics and perioperative complications,
highlights the need for a standardized and reproducible
approach to postoperative patient management in VATS-L.
The adoption ERAS protocols may be an effective solution
to minimize intersurgeon variability, optimize outcomes,
improve patient quality of life, and decrease costs.'” Using
our own institution as an example, our financial management
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division’s 2021 end-of-year assessment reported a median
cost per day of postoperative stay after VATS-L of
CA$798. With a difference in intersurgeon variation in
median LOS of 7 days versus 3 days between our longest
and shortest time surgeons, and a surgical volume of 350
to 400 VATS-L per year, standardizing hospital discharge
may translate into some major cost savings. The
implementation of standardized ERAS protocols in our
institution is a potential solution to reduce the observed
intersurgeon variation in LOS, and the associated costs of
prolonged LOS. Furthermore, our findings suggest that this
would be safe. Indeed, there was no significant association
between postoperative LOS and 60-day readmission rates.
In this regard, the literature provides conflicting data. Our
findings are in keeping with that of Patel and colleagues™
who have similarly reported comparable readmission rates
after lobectomy, regardless of LOS. In contrast, our findings
are not in keeping with that of Freeman and colleagues,”®
who reported an inverse relationship between LOS and
readmission rates. Nonetheless, our data support efforts to
reduce LOS without compromising outcomes.

Generalization of the conclusions drawn from this study
is limited by the fact that it is a single-center retrospective
study. Prospective multicenter studies with larger sample
sizes and more diverse patient populations will be required
to confirm the general applicability of the findings. Addi-
tionally, our findings call for further investigation into
the specific intersurgeon differences in postoperative
care pathways, such as differences in surgical technique,
perioperative management, or discharge criteria, which
were not considered in the present analysis but may
contribute to LOS variability. The inherent constraints
associated with conducting a retrospective analysis of a
prospectively accrued database primarily revolve around
the predetermined data points. Consequently, several rele-
vant factors that may influence length of stay could not be
accounted for in our study. Among them, the absence of in-
formation regarding discharge medications and discharge
location, as well as specific tumor characteristics such as
neoadjuvant treatment, tumor size, clinical stage, and loca-
tion, pose limitations to our analysis. Furthermore, our da-
taset lacked comprehensive data on patient functional
status, with only the ASA score available, while poten-
tially enlightening scores like the Eastern Cooperative
Oncology Group or Zubrod were absent. Our study also
lacked access to information about the status of oxygen
use or chest tubes at the point of discharge. Lastly,
although all patients in our study had full provincial med-
ical coverage, other social determinants of health such as
income and education level were not available in our data-
set. These omissions represent notable limitations of our
study and underscore potential avenues for further
research to provide a more nuanced understanding of the
factors influencing length of stay.
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Retrospective Cohort of 1006
VATS Lobectomy Patients

Factors independently associated
with prolonged length of stay on
multivariate analysis:

¢ Post-Operative Complications
* Prolonged Air-Leak

* Surgeon
* Age
LOS>3days  LOS<3days * Operation Duration
(N =632) (N =374)

¢ Inter-surgeon variation in post-
operative LOS after VATS
lobectomy is independent of
patient baseline characteristics or
peri-operative complicalions

» Standardized post-operative
pathways may improve patient
outcomes, including reducing
LOS.

* Postoperative discharge within
3 days is safe and does not
increase hospital readmissions.

VATS: Video-assisted thoracoscopic surgery; LOS: Length of Stay

FIGURE 2. A retrospective cohort of 1006 patients undergoing video-assisted thoracoscopic surgery (VATS) were evaluated to identify the factors inde-
pendently associated with prolonged postoperative length of stay. Through multivariate analysis, it was determined that these factors were surgeon, age,

operation duration, postoperative complications, and prolonged air-leak. Furthermore, no association was found between early discharge and 60-day hos-
pital readmission, demonstrating that postoperative discharge within 3 days following VATS lobectomy is safe and feasible. LOS, Length of stay.

CONCLUSIONS

This study identified several factors independently associ-
ated with prolonged LOS after VATS-L, emphasizing the
importance of addressing modifiable factors to reduce LOS
and potentially improve the cost-effectiveness of VATS-L.
Moreover, it found no significant association between LOS
and 60-day readmission rates, further supporting early
discharge for low-risk patients. The implementation of stan-
dardized postoperative management protocols that favor
shorter LOS, such as ERAS, may help minimize intersurgeon
variability and optimize patient outcomes following VATS-L.

Conflict of Interest Statement

The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to
disclose conflicts of interest and to decline handling manu-
scripts for which they may have a conflict of interest. The
editors and reviewers of this article have no conflicts of
interest.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J
Clin. 2021;71(1):7-33. https://doi.org/10.3322/caac.21654

2. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA A Cancer J Clin. 2021;71(3):209-249. https://doi.org/10.3322/caac.21660

3. Bendixen M, Jgrgensen OD, Kronborg C, Andersen C, Licht PB. Postoperative
pain and quality of life after lobectomy via video-assisted thoracoscopic surgery
or anterolateral thoracotomy for early stage lung cancer: a randomised controlled

trial. Lancet Oncol.
2045(16)00173-X

2016;17(6):836-844.  https://doi.org/10.1016/S1470-

. Lim EB, Batchelor T, Dunning J, et al. Video-assisted thoracoscopic or open lo-

bectomy in early-stage lung cancer. NEJM Evid. 2022;1(3). https://doi.org/10.
1056/EVID0a2100016

. Lim E, Harris RA, McKeon HE, et al. Impact of video-assisted thoracoscopic lo-

bectomy versus open lobectomy for lung cancer on recovery assessed using self-
reported physical function: VIOLET RCT. Health Technol Assess. 2022;26(48):
1-162. https://doi.org/10.3310/thbq1793

. Bendixen M, Kronborg C, Jgrgensen OD, Andersen C, Licht PB. Cost-utility

analysis of minimally invasive surgery for lung cancer: a randomized controlled
trial. Eur J Cardiothorac Surg. 2019;56(4):754-761. https://doi.org/10.1093/
ejcts/ezz064

. Casali G, Walker WS. Video-assisted thoracic surgery lobectomy: can we afford

it? Eur J Cardiothorac Surg. 2009;35(3):423-428. https://doi.org/10.1016/j.ejcts.
2008.11.008

. Watson TJ, Qiu J. The impact of thoracoscopic surgery on payment and health

care utilization after lung resection. Ann Thorac Surg. 2016;101(4):1271-1279;
discussion 1979-1980. https://doi.org/10.1016/j.athoracsur.2015.10.104

. Farjah F, Backhus LM, Varghese TK, et al. Ninety-day costs of video-assisted

thoracic surgery versus open lobectomy for lung cancer. Ann Thorac Surg.
2014;98(1):191-196. https://doi.org/10.1016/j.athoracsur.2014.03.024

. Khullar OV, Fernandez FG, Perez S, et al. Time is money: hospital costs associ-

ated with video-assisted thoracoscopic surgery lobectomies. Ann Thorac Surg.
2016;102(3):940-947. https://doi.org/10.1016/j.athoracsur.2016.03.024

. von Meyenfeldt EM, Marres GMH, van Thiel E, Damhuis RAM. Variation in

length of hospital stay after lung cancer surgery in the Netherlands. Eur J Cardio
Thorac Surg. 2018;54(3):560-564. https://doi.org/10.1093/ejcts/ezy074

. Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, et al. Guidelines for

enhanced recovery after lung surgery: recommendations of the enhanced recov-
ery after surgery (ERAS®) Society and the European Society of Thoracic Sur-
geons (ESTS). Eur J Cardio Thorac Surg. 2018;55(1):91-115. https://doi.org/
10.1093/ejcts/ezy301

. Tahiri M, Goudie E, Jouquan A, Martin J, Ferraro P, Liberman M. Enhanced re-

covery after video-assisted thoracoscopic surgery lobectomy: a prospective, his-
torically controlled, propensity-matched clinical study. Can J Surg. 2020;63(3):
E233-E240. https://doi.org/10.1503/cjs.001919

JTCVS Open ¢ Volume 18, Number C 259


https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S1470-2045(16)<?thyc=10?>00173-X<?thyc?>
https://doi.org/10.1016/S1470-2045(16)<?thyc=10?>00173-X<?thyc?>
https://doi.org/10.1056/EVIDoa2100016
https://doi.org/10.1056/EVIDoa2100016
https://doi.org/10.3310/thbq1793
https://doi.org/10.1093/ejcts/ezz064
https://doi.org/10.1093/ejcts/ezz064
https://doi.org/10.1016/j.ejcts.2008.11.008
https://doi.org/10.1016/j.ejcts.2008.11.008
https://doi.org/10.1016/j.athoracsur.2015.10.104
https://doi.org/10.1016/j.athoracsur.2014.03.024
https://doi.org/10.1016/j.athoracsur.2016.03.024
https://doi.org/10.1093/ejcts/ezy074
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1503/cjs.001919

Thoracic: Lung Cancer

Zini et al

15.

17.

20.

260

. Zhang X, Yang J, Chen X, Du L, Li K, Zhou Y. Enhanced recovery after surgery

on multiple clinical outcomes: umbrella review of systematic reviews and meta-
analyses. Medicine (Baltimore). 2020;99(29):€20983. https://doi.org/10.1097/
md.0000000000020983

Najjar PA, Fields AC, Maldonado LJ, Ward A, Bleday R. Differential index-
hospitalization cost center impact of enhanced recovery after surgery program
implementation. Dis Colon Rectum. 2020;63(6):837-841. https://doi.org/10.
1097/dcr.0000000000001662

. Wright CD, Gaissert HA, Grab JD, O’Brien SM, Peterson ED, Allen MS. Predic-

tors of prolonged length of stay after lobectomy for lung cancer: a Society of
Thoracic Surgeons General Thoracic Surgery Database risk-adjustment model.
Ann Thorac Surg. 2008;85(6):1857-1865; discussion 1865. https://doi.org/10.
1016/j.athoracsur.2008.03.024

Giambrone GP, Smith MC, Wu X, et al. Variability in length of stay after uncom-
plicated pulmonary lobectomy: is length of stay a quality metric or a patient
metric? Eur J Cardiothorac Surg. 2016;49(4):e65-e71. https://doi.org/10.1093/
ejcts/ezv476

. Huang L, Kehlet H, Petersen RH. Reasons for staying in hospital after video-

assisted thoracoscopic surgery lobectomy. BJS Open. 2022;6(3):zrac050.
https://doi.org/10.1093/bjsopen/zrac050

. Azhar N. Pre-operative optimisation of lung function. Indian J Anaesth. 2015;

59(9):550-556. https://doi.org/10.4103/0019-5049.165858

Forster C, Hasenauer A, Perentes JY, et al. Is faster better? Impact of operative
time on postoperative outcomes after VATS anatomical pulmonary resection. J
Thorac Dis. 2022;14(6):1980-1989.

JTCVS Open * April 2024

21.

22.

23.

24.

25.

26.

Sameed M, Choi H, Auron M, Mireles-Cabodevila E. Preoperative pulmonary
risk assessment. Respir Care. 2021;66(7):1150-1166. https://doi.org/10.4187/re
spcare.09154

Cerfolio RJ, Bryant AS. Results of a prospective algorithm to remove chest tubes
after pulmonary resection with high output. J Thorac Cardiovasc Surg. 2008;
135(2):269-273. https://doi.org/10.1016/j.jtcvs.2007.08.066

Bjerregaard LS, Jensen K, Petersen RH, Hansen HJ. Early chest tube removal af-
ter video-assisted thoracic surgery lobectomy with serous fluid production up to
500 ml/day. Eur J Cardiothorac Surg. 2014;45(2):241-246. https://doi.org/10.
1093/ejcts/ezt376

Batchelor TJP. Enhanced recovery after surgery and chest tube management. J
Thorac Dis. 2023;15(2):901-908. https://doi.org/10.21037/jtd-22-1373

Patel DC, Leipzig M, Jeffrey Yang CF, et al. Early discharge after lobectomy for
lung cancer does not equate to early readmission. Ann Thorac Surg. 2022;113(5):
1634-1640. https://doi.org/10.1016/j.athoracsur.2021.05.053

Freeman RK, Dilts JR, Ascioti AJ, Dake M, Mahidhara RS. A comparison of
length of stay, readmission rate, and facility reimbursement after lobectomy of
the lung. Ann Thorac Surg. 2013;96(5):1740-1745; discussion 1745-1746.
https://doi.org/10.1016/j.athoracsur.2013.06.053

Key Words: video-assisted thoracoscopic surgery, lobec-
tomy, postoperative, length of stay


https://doi.org/10.1097/md.0000000000020983
https://doi.org/10.1097/md.0000000000020983
https://doi.org/10.1097/dcr.0000000000001662
https://doi.org/10.1097/dcr.0000000000001662
https://doi.org/10.1016/j.athoracsur.2008.03.024
https://doi.org/10.1016/j.athoracsur.2008.03.024
https://doi.org/10.1093/ejcts/ezv476
https://doi.org/10.1093/ejcts/ezv476
https://doi.org/10.1093/bjsopen/zrac050
https://doi.org/10.4103/0019-5049.165858
http://refhub.elsevier.com/S2666-2736(24)00004-4/sref20
http://refhub.elsevier.com/S2666-2736(24)00004-4/sref20
http://refhub.elsevier.com/S2666-2736(24)00004-4/sref20
https://doi.org/10.4187/re<?show [?tjl=20mm]&tjlpc;[?tjl]?>spcare.09154
https://doi.org/10.4187/re<?show [?tjl=20mm]&tjlpc;[?tjl]?>spcare.09154
https://doi.org/10.1016/j.jtcvs.2007.08.066
https://doi.org/10.1093/ejcts/ezt376
https://doi.org/10.1093/ejcts/ezt376
https://doi.org/10.21037/jtd-22-1373
https://doi.org/10.1016/j.athoracsur.2021.05.053
https://doi.org/10.1016/j.athoracsur.2013.06.053

	Intersurgeon variations in postoperative length of stay after video-assisted thoracoscopic surgery lobectomy
	Materials and Methods
	Ethics
	Design and Population
	Outcomes
	Associations
	Statistical Analysis

	Results
	Patient Characteristics
	Surgical and Postoperative Data
	Intersurgeon Variations in Postoperative LOS
	Multivariate Analysis
	Influence of Prolonged LOS on 60-Day Readmission

	Discussion
	Conclusions
	Conflict of Interest Statement

	References


