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Introduction

Background: Torsion of the right middle lobe following right upper lobectomy is a rare
but potentially fatal complication. To prevent this, fixation of the right middle lobe has
been suggested. This study was performed to examine the impact of right middle lobe
fixation on postoperative outcomes and bronchial changes.

Methods: We enrolled patients who underwent curative-intent video-assisted thorac-
ic surgery (VATS) right upper lobectomy for lung cancer from 2019 to 2022. Participants
were grouped based on whether they did or did not receive right middle lobe fixation.
Bronchial angles were measured using preoperative and postoperative chest computed
tomography images, and postoperative outcomes and bronchial changes were compared
between the 2 groups.

Results: The study included a total of 50 patients, with 17 (34%) undergoing right middle
lobe fixation. All procedures were performed using VATS. No significant differences be-
tween groups were observed in preoperative characteristics or postoperative outcomes.
After surgery, both groups exhibited a significant increase in the right bronchus intermedi-
us angle and a significant decrease in the branch angle. The postoperative right bronchus
intermedius angle was significantly larger in the group without right middle lobe fixation
compared to the group with fixation (47.38°+10.98° vs. 39.41°+9.21°, p=0.014). Three cases
of atelectasis occurred in the group that did not undergo fixation while no cases were
observed in the fixation group; however, this difference was not statistically significant.
Conclusion: Fixation of the right middle lobe reduced postoperative angulation of the
right bronchus intermedius, which may help prevent postoperative atelectasis.
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well as ambiguous radiologic findings. Consequently, sur-
geons must remain vigilant for the possibility of torsion

Lung torsion is a rare complication characterized by the
rotation of the entire lung or a specific lobe, leading to vas-
cular compromise and airway obstruction. This life-threat-
ening condition has a mortality rate of 12% to 16%, requir-
ing emergency surgery to reposition or resect the affected
area [1-3]. However, diagnosing lung torsion can be ex-
tremely challenging due to the nonspecific nature of clini-
cal symptoms, such as dyspnea, fever, and chest pain, as

during lung surgery and exercise caution [4-8]. Among
cases of lung torsion, torsion of the right middle lobe
(RML) following right upper lobectomy (RULobectomy) is
relatively common [2]. To prevent RML torsion after RU-
Lobectomy, surgeons often employ fixation techniques to
secure both the RML and the right lower lobe (RLL) [9-12].

To date, the effectiveness of RML and RLL fixation in
preventing RML torsion has been demonstrated [9-12].
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However, studies examining bronchial angle changes and
clinical outcomes following RML and RLL fixation remain
scarce.

Therefore, this study was conducted to analyze changes
in the bronchial angle and the associated clinical outcomes
following fixation of the RML and RLL after RULobecto-
my.

Methods
Ethics statement

This study was reviewed and approved by the institu-
tional review board (IRB) of Seoul Metropolitan Govern-
ment-Seoul National University Boramae Medical Center
(IRB approval no., 10-2024-11) and adhered to the tenets of
the Declaration of Helsinki. Due to the retrospective na-
ture of the study, the requirement for informed consent
from participants was waived.

Patients and operation

This study focused on patients with suspected lung nod-
ules or lung cancer in the right upper lobe (RUL), as iden-
tified by imaging examinations such as chest computed to-
mography (CT), from March 1, 2019, to February 28, 2022.
Specifically, patients who underwent therapeutic RULo-
bectomy were included. We excluded those who received
bronchoplasty or en bloc resection of other lobes during
surgery, as these procedures could alter the bronchial an-
gle, potentially impacting outcomes. After these criteria
were applied, a total of 50 patients were enrolled in the
study.

Six months postoperatively, patients who underwent RU-
Lobectomy were evaluated using chest CT. Bronchial an-
gles were assessed by comparing preoperative and postop-
erative CT images. All operations were conducted using

video-assisted thoracic surgery (VATS). During VATS RU-
Lobectomy, when the inferior pulmonary ligament is pres-
ent, its complete dissection can cause the RLL to be pulled
upward or to rotate. To prevent this, the ligament was par-
tially dissected to a degree sufficient to mobilize the RLL
and enable the dissection of lymph node station #9. Fol-
lowing VATS RULobectomy, fixation of the RML was per-
formed in cases of complete fissures between the RML and
RLL, as well as partially complete fissures involving a high
risk of RML torsion.

Patients were grouped based on whether they did or did
not undergo RML fixation. This procedure employed ei-
ther a suture fixation or a stapler fixation approach (Fig.
1A, B). Thus, subgroup analysis based on fixation method
was also conducted.

Measurement of bronchial angle

To measure changes in the bronchial angle before and
after surgery, preoperative and 6-month postoperative
chest CT images were used. The angle formed between the
vertebra and the right bronchus intermedius (RBI) was de-
fined as the RBI angle, while the angle between the RBI
and the right middle lobar bronchus was termed the
branch angle. The delta RBI angle represented the change
in the RBI angle after surgery, calculated as the postopera-
tive minus the preoperative RBI angle. Conversely, the del-
ta RML angle was calculated as the difference between the
preoperative and postoperative branch angles (Fig. 2).

Endpoints

The primary endpoint of this study was the change in
the bronchial angle between preoperative and postopera-
tive measurements, which was compared between the RML
fixation and non-fixation groups. Secondary endpoints in-
cluded immediate postoperative outcomes, such as the oc-

Fig. 1. Methods of right middle lobe fixation. (A) Suture fixation. (B, C) Stapler fixation.
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currence of RML torsion, chest tube duration, drainage
volume, and prolonged air leak, as well as the presence of
atelectasis and persistent cough at 1 month.

Statistical analysis

Continuous variables were compared using t-tests, and
categorical variables were compared using chi-square tests.
A p-value less than 0.05 was considered to indicate statisti-
cal significance. IBM SPSS ver. 25.0 (IBM Corp., Armonk,
NY, USA) was used for statistical analysis.

Preoperative

Postoperative

Fig. 2. Bronchial angle measurements. Preoperative (A) and post-
operative (B) images. RUL, right upper lobe; RML, right middle
lobe; RLL, right lower lobe; RBI, right bronchus intermedius; Br.
angle, branch angle.

Table 1. Preoperative patient characteristics

Results
Clinical characteristics of the study population

During the study period, 50 patients were enrolled. The
cohort included 31 male participants (62%), and the mean
age was 66.317.2 years. Of the 50 patients, 17 underwent
RML fixation and 33 did not. Within the fixation group,
10 patients received suture fixation and 7 underwent sta-
pler fixation. No significant differences were noted in age,
sex, height, weight, or smoking status between the 2
groups. Furthermore, pulmonary function test results and
clinical tumor-node-metastasis stages were statistically
similar between groups (Table 1).

Postoperative changes in bronchial angle

First, we examined the changes in bronchial angle for
each group. In the group without RML fixation, the RBI
angle increased significantly from 30.91°+6.27° preopera-
tively to 47.38°+10.98° 6 months after surgery, while the
branch angle decreased significantly from 147.12°+12.57°
to 90.12°+£29.70° within the same timeframe (p<0.001).
Similarly, in the RML fixation group, the RBI angle wid-
ened significantly from 27.59°+4.70° preoperatively to

Characteristic RML non-fixation (n=33) RML fixation (n=17) p-value
Age (yr) 67.09+7.10 64.88+7.31 0.307
Sex, male 23 (69.7) 8(47.1) 0.137
Height (cm) 160.86+9.16 163.42+7.96 0.333
Weight (kg) 63.07+£9.78 67.91£11.18 0.121
Smoking 22 (66.7) 7 (41.2) 0.678
Pulmonary function test (%)
FEV;: (L) 2.34+0.64 2.53+0.52 0.307
FEV: (% predicted) 101.79+20.76 100.59+29.95 0.869
FEV,/FVC 72.70+9.60 72.35+6.97 0.896
Dvico (% predicted) 103.91+21.04 102.80+21.00 0.867
Preoperative pathology
Clinical T stage 0.407
T1 20 (60.6) 14 (82.4)
T2 10 (30.3) 3(17.6)
T3 2(6.1) 0
T4 1(3.0) 0
Clinical N stage 0.768
NO 30 (90.9) 16 (94.1)
N1 13.0) 0
N2 2 (6.1) 1(5.9)

Values are presented as meanzstandard deviation or number (%).

RML, right middle lobe; FEV;, forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, diffusing capacity of carbon monoxide; T,

tumor; N, node.
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39.41°£9.21° 6 months after surgery, and the branch angle
narrowed significantly from 145.53°+7.79° to 87.71°+19.87°
over the same period.

Six months postoperatively, the group that did not re-
ceive RML fixation exhibited a significantly larger RBI an-
gle (47.38°£10.98°) than the fixation group (39.41°+9.21°,
p=0.014). Although the difference in the delta RBI angle—
representing the degree of change—was not statistically
significant, the RML non-fixation group displayed a great-
er delta value (16.47°+10.56° versus 11.82°+8.57°, p=0.124).

Six months postoperatively, the branch angle did not dif-
fer significantly between groups (non-fixation:
90.12°+29.70°; fixation: 87.71°+19.87°% p=0.764), nor did the
delta RML angle, which represents the degree of change
(non-fixation: 57.00°+27.99° fixation: 57.82°+21.05°% p=
0.916) (Tables 2, 3).

Postoperative clinical outcomes

Between the groups categorized by the use of RML fixa-
tion, no significant differences were found in the immedi-
ate postoperative results, including the duration of chest
tube maintenance, the volume of tube drainage until post-
operative day 0-1, and the incidence of prolonged air leak.
Furthermore, no significant difference was observed be-
tween the groups in the length of hospitalization.

During the follow-up period, no instances of RML tor-
sion were observed. In the group without RML fixation, 3
individuals exhibited signs of atelectasis at the initial out-

Table 2. Changes in postoperative bronchial angle

patient department follow-up; however, this number had
decreased to 1 patient by the 6-month follow-up. No cases
of atelectasis were observed among patients who received
RML fixation. The incidence of cough persisting for more
than 1 month was not significantly different between
groups, with 13 cases in the non-fixation group and 8 cases
in the fixation group (Table 4).

Subgroup analysis based on the fixation method revealed
no significant differences between subgroups in immediate
postoperative outcomes, the duration of hospitalization,
RML torsion, or the incidence of cough persisting for more
than 1 month. Furthermore, no significant difference was
observed in the change in bronchial angle (Table 5).

Discussion

This study examined changes in the bronchial angle and
the associated clinical outcomes following RML fixation
for the prevention of RML torsion, comparing cases with
and without fixation after RULobectomy. Distinct changes
in the RBI and branch angles between preoperative and
postoperative measurements were observed in both RML
non-fixation and fixation groups. Notably, the change in
the RBI angle was larger in the group that did not undergo
fixation than in the group that did. This suggests a differ-
ential magnitude of bronchial angle changes depending on
whether fixation was performed.

While we observed no significant differences in most
postoperative outcomes between the 2 groups, atelectasis,

Preoperative bronchial angle Postoperative 6-mo bronchial angle p-value
RML non-fixation group (n=33)
RBI angle (°) 30.91+6.27 47.38+10.98 <0.001
Branch angle (°) 147.12£12.57 90.12+29.70 <0.001
RML fixation group (n=17)
RBI angle (°) 27.59+4.70 39.41+9.21 <0.001
Branch angle (°) 145.53+7.79 87.71£19.87 <0.001
Values are presented as meanzstandard deviation.
RML, right middle lobe; RBI, right bronchus intermedius.
Table 3. Comparison of bronchial angle changes
Bronchial anatomy (angle) RML non-fixation RML fixation p-value
6 Months postoperative RBI angle (°) 47.38+10.98 39.41+9.21 0.014
Delta RBI angle (°) 16.47+10.56 11.82+8.57 0.124
6 Months postoperative branch angle (°) 90.12+29.70 87.71+£19.87 0.764
Delta RML angle (°) 57.00+27.99 57.82+21.05 0.916

Values are presented as meanzstandard deviation.
RML, right middle lobe; RBI, right bronchus intermedius.
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Table 4. Postoperative results

Variable RML non-fixation (n=33) RML fixation (n=17) p-value
Immediate postoperative outcomes
Chest tube duration (day) 5.97+4.29 7.0£3.95 0.413
POD 0-1 chest tube drainage volume (mL) 521.36+269.56 415.88+104.88 0.128
Prolonged air leakage 4(12.0) 4(23.5) 0.419
Duration of hospitalization (day) 8.55+5.92 8.71+4.30 0.922
RML torsion 0 0
Atelectasis
At first OPD visit 3(9.1) 0 0.542
At OPD visit 6 months postoperative (3.0 0 1.00
Cough >1 mo 13 (39.4) 8 (47.1) 0.763
Values are presented as meanzstandard deviation or number (%).
RML, right middle lobe; POD, postoperative day; OPD, outpatient department.
Table 5. Subgroup analysis by fixation method
Variable Suture fixation (n=10) Stapler fixation (n=7) p-value
Immediate postoperative outcomes
Chest tube duration (day) 8.30+4.62 5.14+1.68 0.071
POD 0-1 chest tube drainage volume (mL) 439.00+111.40 382.86+92.51 0.292
Prolonged air leakage 4 (40.0) 0 0.321
Duration of hospitalization (day) 9.60+5.13 7.43+2.57 0.321
RML torsion 0 0
Bronchial anatomy (angle)
6 Months postoperative RBI angle (°) 37.70+9.25 41.86+9.26 0.376
Delta RBI angle (°) 9.70+7.12 14.86+10.07 0.233
6 Months postoperative branch angle (°) 93.20+22.30 79.86+13.61 0.181
Delta RML angle (°) 53.30+23.13 64.29+17.22 0.305
Cough >1 mo 4 (40.0) 4(57.1) 0.637

Values are presented as meanzstandard deviation or number (%).

POD, postoperative day; RML, right middle lobe; RBI, right bronchus intermedius.

which was not observed in the RML fixation group during
outpatient department follow-up, was noted in the RML
non-fixation group (n=3). Postoperative atelectasis can
arise from a variety of factors, including postoperative pain
or prolonged air leakage. However, our focus was primarily
on changes in the bronchial angle. A review of the CT scans
for the 3 cases revealed 2 possible mechanisms for the de-
velopment of atelectasis. One mechanism is the downward
bending of the right middle lobar (RMLobar) bronchus
more than the right lower lobar (RLLobar) bronchus, lead-
ing to an increased branch angle compared to preoperative
levels. Two patients were identified in support of this ex-
planation: one with an increase in branch angle from 152°
to 180° and another from 165° to 167°. The second mecha-
nism is the upward bending of the RMLobar bronchus
more than the RLLobar bronchus, resulting in a decreased
branch angle compared to the preoperative measurement.
This was observed in 1 patient, with the branch angle de-

creasing from 150° to 70°. Based on these mechanisms of
atelectasis following RULobectomy, fixation to minimize
changes in angle could reduce the risk of this complication.

Furthermore, 2 of the 3 cases involving atelectasis had a
partially complete fissure; thus, fixation was not carried
out following RULobectomy. Due to the presence of atelec-
tasis, the surgeons involved in this study opted to perform
fixation in subsequent patients who underwent RULobec-
tomy with a partially complete fissure.

Regarding RML torsion, fixation was performed exclu-
sively in patients with a high likelihood of experiencing
this complication, as indicated by the presence of a com-
plete fissure, a partially complete fissure, or the absence of
adhesion between the RML and RLL following RULobec-
tomy in the operating room. Consequently, torsion was not
observed in either group.

We also considered other clinical outcomes that may be
influenced by RML fixation, such as the presence of dead
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space. The RML fixation group included no instances of
dead space, whereas 1 case was reported in the non-fixa-
tion group. In the RML fixation group, the postoperative
6-month RBI angle was significantly smaller than that in
the non-fixation group, indicating potential restriction in
the movement of the remaining lobes. However, the re-
maining lobes appeared to be relatively larger than the
RUL, and as these lobes continued to expand over time, no
postoperative dead space was observed. The single case of
dead space in the non-fixation group was also noted to ex-
hibit whole lung adhesion during surgery, suggesting that
the dead space in this patient was likely attributable to the
adhesion rather than the absence of RML fixation. There-
fore, RML fixation seems to have minimal impact on the
occurrence of dead space. Additionally, regarding the size
of the remaining lobes after VATS RULobectomy, patients
who underwent partial resection of other lobes were ex-
cluded based on the inclusion criteria. Consequently, no
difference between groups in the size of the remaining
lobes was anticipated.

This study had several limitations. First, its design as a
retrospective, single-center study inherently carries the
limitations associated with retrospective analyses. Second,
the small sample size examined could hinder the general-
izability of the findings. Third, the decision to perform
RML-RLL fixation was subject to the surgeon’s discretion,
introducing a potential for selection bias.

In conclusion, although no significant differences were
observed in overall clinical outcomes between patients
with and without RML fixation, RML fixation did reduce
postoperative angulation of the RBI. This reduction may
aid in preventing postoperative atelectasis. Increasing the
sample size and conducting long-term follow-up studies
could yield a more definitive understanding of the impact
of RML fixation on postoperative outcomes.
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