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Predictors of failure of intersegmental line
creation using bronchoscopic jet
ventilation for thoracoscopic pulmonary
segmentectomy
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Abstract

Background: During pulmonary segmentectomy, identification of the target segment is essential. We used
bronchoscopic jet ventilation (BJV) to delineate the intersegmental plane by selectively sending air into the target
segment. The purpose of this study was to investigate the factors associated with BJV failure.

Methods: Data were retrospectively collected from 48 patients who underwent pulmonary segmentectomy with
BJV between March 2014 and May 2019 at a single center. Data were compared between BJV succeeded cases and
failed cases.

Results: In 13 cases (27%), BJV were unsuccessful. The Brinkman index was significantly higher in failed cases (962 ±
965 failed vs. 395 ± 415 successful, P = 0.0067). The success rate was significantly lower when BJV was applied to
the posterior basal segmental bronchus (B10) (B10: 1/5 (20%) vs others: 34/43 (79%), P = 0.015).

Conclusion: Long-term smoking and the bronchus corresponding to the posterior basal segment might make
successful performance of BJV difficult.
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Background
Recently, lung cancer surgeries have shifted from lobec-
tomy to segmentectomy since advances in computed
tomography (CT) have enabled us to detect small and
early-stage lung cancers. Although segmentectomy has
anatomic and functional advantages over lobectomy [1–
4], the procedure is generally more technically complex
than lobectomy. In particular, recognition of the segmen-
tal fissures within the pulmonary parenchyma may be dif-
ficult with unclear boundaries between adjacent segments.

For conventional segmentectomy, demarcation of the
intersegmental border is generally performed by dissect-
ing the bronchus in the diseased segment while the lung
on the operation side is deflated [5]. When an
anesthesiologist resumes temporarily bilateral ventila-
tion, the lung portion other than the target segment is
inflated and an intersegmental plane is developed be-
tween the segment to be removed and the segment to be
preserved. A major limitation of this method is that the
inflated segments become an obstacle in the narrow in-
trathoracic space, especially during thoracoscopic
surgery.
A method that selectively inflates the resected segment

using a bronchoscope connected to a jet ventilator has
been introduced [6]. In contrast to the conventional
method, the segment targeted for resection is inflated,
which greatly reduces the degree of interference with the
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thoracoscopic view. The issue with this method is that
the intersegmental plane can be obscure because of col-
lateral ventilation in emphysematous lungs [2]. In
addition, secretions remaining in the airway could inter-
fere with appropriate inflation of the targeted segment.
We also experienced difficulty inserting the broncho-
scope to the target bronchus in some cases. Because of
these problems, bronchoscopic jet ventilation (BJV) does
not always successfully create a clear intersegmental
plane. Several reports have shown that BJV is useful for
accurate identification of the intersegmental plane dur-
ing thoracoscopic pulmonary segmentectomy [6–8].
However, the intraoperative details of BJV, such as the
success rate of BJV or factors associated with difficulty
of the technique, have rarely been specifically mentioned
in the literature. The purpose of this study was to inves-
tigate the factors related to unsuccessful identification of
intersegmental plane by BJV.

Materials and methods
This study is a retrospective observational study carried
out with the approval of the institutional clinical re-
search ethics committee of Federation of National Public
Service Personnel Mutual Aid Associations, Hamanoma-
chi Hospital (No. 2019-21). Informed consent for the
procedure was obtained by surgeon from each patient.
And also, we applied opt-out method to obtain consent
on this study by using our hospital website.
Study subjects were consecutive patients who sched-

uled for thoracoscopic pulmonary segmentectomy at our
hospital between March 2014 and May 2019. Sixty-nine
patients were identified in this period. We reviewed the
medical records of all study subjects and collected the
following data: age, sex, height, weight, smoking history,
pulmonary function test, preoperative CT scan, diseased
pulmonary segment to be removed, operative time, in-
traoperative bleeding, postoperative complications, per-
sistent air leak, and time until drainage tube removal.
Persistent air leak was defined as an air leak that per-
sisted for longer than 5 days. Brinkman index (the num-
ber of cigarettes smoked per day multiplied by the
number of years of smoking) was used to estimate the
cumulative dose of smoking.
Pulmonary function tests and CT scan were performed

for all patients as a preoperative check-up. Obstructive
ventilatory impairment was defined as forced expiratory
volume in 1 s (FEV1)/forced vital capacity (FVC) less
than 0.7. Patients were considered to have emphysema if
emphysematous changes were observed on preoperative
CT and confirmed by radiologists. Emphysematous
changes were identified as hypovascular low attenuation
areas (LAA) on CT. Severity of emphysema was evalu-
ated by the Goddard classification, which is a visual scale
on which LAA values are scored for each lung field:

Goddard classification 1 = 0 to 25% of LAA in the lung;
Goddard classification 2 = 25 to 50% of LAA in the lung;
Goddard classification 3 = 50 to 75% of LAA in the lung;
and Goddard classification 4 = 75 to 100% of LAA in
the lung [9].
The procedure of creating the intersegmental plane by

BJV was described previously [6, 7]. Briefly, an
anesthesiologist inserted a 3.2- or 3.5-mm bronchoscope
connected to a jet ventilator (VS 150s Jet Ventilator,
Acutronic Medical System AG, Hirzel, Switzerland) into
a double-lumen endotracheal tube (Shiley Broncho-
Cath, Covidien, Dublin, Ireland). After the tip of the
bronchoscope was positioned in the orifice of the tar-
geted segmental bronchus, an anesthesiologist started jet
ventilation. We delivered jet ventilation to patients with
the following parameters: respiratory frequency 20 cycles
per minute; inspiratory time 20%; FiO2 1.0. The inflation
pressure was started from 0 bar and gradually increased
while observing the bulging of the lung. When the deliv-
ered air filled the targeted segment, the surgeon tied the
target bronchus to maintain the expansion of the seg-
ment and excised the targeted segment along the created
inflation-deflation line. Ten anesthesiologists performed
BJV at random.
Operative records were thoroughly reviewed to investi-

gate whether or not the inflation-deflation line was de-
marcated sufficiently clearly to identify the targeted lung
segment with BJV. The BJV method was considered to
have been unsuccessful if there was a description in the
operative records that BJV was not able to clearly outline
the inflation-deflation line and alternative methods were
used to pursue the surgery. In cases where BJV was un-
successful, information about the alternative methods
was obtained from the operative records.
We measured the success rate of the BJV method and

analyzed the relationships between patients’ baseline
characteristics and the success rate of BJV. The unpaired
t test, Chi-squared test, and Fisher’s exact test were used
for statistical analyses. All analyses were performed using
the STATA 14.2 software (StataCorp LLC, TX USA),
and P values < 0.05 were considered significant.

Results
Segmentectomy was scheduled in 69 patients according
to the responsible surgeons’ judgment regarding resect-
ability and adequate surgical margins using a segmental
approach. Of these cases, ten were converted to lobec-
tomy during surgery because the surgical margins were
not sufficient in nine cases and intraoperative lymph
node biopsy was positive in one case. A further nine
cases were converted to partial pulmonary resection dur-
ing surgery due to insufficient surgical margins. Two
cases were deemed inoperable due to severe adhesion in
one and pleural dissemination in the other. Ultimately,

Ikeda et al. JA Clinical Reports            (2021) 7:53 Page 2 of 9



thoracoscopic pulmonary segmentectomy was performed
in 48 cases (Fig. 1).
The characteristics of the 48 patients who underwent

lung segmentectomy are listed in Table 1. There were 23
women and 25 men with a median age of 68 (range 54-
86) years. The median body mass index was 23 (range
17-34). Nine patients (9/48, 19%) had obstructive venti-
latory impairment. Fourteen patients (14/48, 29%) had
CT-diagnosed emphysema, two of whom were classified
as severe emphysema by Goddard’s classification (God-
dard’s classification: 3). Sixty-one percent of patients
were former or current smokers, and the median Brink-
man index was 380 (range 0-2500). The median total op-
erative time was 310 min (range 207-754 min), and
median bleeding during the operation was 20 mL (range
3-300 mL). The median chest tube duration was 2 days
(range 1-11 days). Postoperative complications occurred
in 11 patients, the most common being persistent air
leak (n = 6). Other postoperative complications were
pneumonia, pleural effusion, cardiomyopathy, subcuta-
neous emphysema, and chylothorax (Table 2).

Identification of the segmental plane with BJV was
successful in 35 patients (35/48, 73%) and unsuccessful
in 13 (13/48, 27%). Among the 48 patients who under-
went lung segmentectomy, BJV was not applied in four
cases because surgeons, while isolating the bronchus,
found it difficult to insert the bronchoscope into the tar-
geted bronchus for anatomical reasons (2 cases: Left B1+
2, bronchi were too small, 1 case: Left B1+2 and B3, ad-
hesion formed after previous lung surgery, 1 case: Right
B9, bronchial abnormality). In these cases, surgeons
inserted an intravenous catheter (Supercath 5, Medikit,
Tokyo, Japan) connected to a jet ventilator directly from
the operative field into the targeted bronchus, and the
inflation-deflation border was created by jet ventilation.
Table 1 shows the patient factors grouped by BJV suc-
cess and failure. Age, body mass index, prevalence of
preoperative obstructive ventilatory impairment, and
percentage of smokers were not different between the
groups. The prevalence of CT-diagnosed emphysema
was not significantly different between the groups; how-
ever, both patients who had severe emphysema

Fig. 1 Flow chart showing patients scheduled for pulmonary segmentectomy
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(Goddard’s classification 3) belonged to the unsuccessful
group. The Brinkman index was significantly higher in
failed cases than in successful cases (962 ± 965 vs 395 ±
415, P = 0.0067). Those who had a Brinkman index over
1000 were significantly more frequent among failed
cases (46% vs 6%, P = 0.003). Operative time,

intraoperative bleeding, time until drainage tube re-
moval, postoperative complications, and incidence of
persistent air leak were not different between the groups.
The success rate was significantly lower when BJV was
applied to the posterior basal segmental bronchus (B10)
compared to other regions (B10: 1/5 (20%) vs others: 34/

Table 1 Patient characteristics

Variables Total cases Succeeded cases Failed cases

n = 48 n = 35 n = 13 Pb

Male 25 (52%) 19 (54%) 6 (46%) 0.748

Age (years) 68 ± 7.6 69 ± 7.8 65 ± 6.1 0.0741

BMI 23 ± 3.1 23 ± 2.6 23 ± 4.0 0.5569

Obstructive ventilatory impairment

FEV1% < 70 9 (19%) 5 (14%) 4 (31%) 0.228

Emphysematous change in CT 14 (29%) 10 (29%) 4 (31%) 1

Smokinga

Ever/current smoker 29 (61%) 21 (62%) 8 (62%) 0.787

Brinkman index 552 ± 658 395 ± 415 962 ± 965 0.0067

Brinkman index > 1000 8 (17%) 2 (6%) 6 (46%) 0.003

Operative time (min) 327 ± 99 327 ± 110 326 ± 66 0.964

Intraoperative bleeding (mL) 50 ± 70 44 ± 63 66 ± 86 0.3292

Time until drainage tube removal (day) 3.5 ± 2.4 3.5 ± 2.5 3.4 ± 1.9 0.8688

Postoperative complications (%) 11 (23%) 9 (26%) 2 (15%) 0.702

Persistent air leak (%) 6 (13%) 5 (14%) 1 (8%) 1

Targeted bronchus

B1+2 14 (29%) 10 (29%) 4 (31%) 1

B10 5 (10%) 1 (3%) 4 (31%) 0.015

BMI body mass index, FEV1% forced expiratory volume in 1 s/forced vital capacity, Brinkman index the number of cigarettes smoked per day multiplied by the
number of years of smoking
Continuous variables were presented as mean ± standard deviation
aInformation about smoking was missing in one patient
bStudent’s t test for mean difference, and Fisher’s exact test for percentage difference

Table 2 Postoperative complication after thoracoscopic pulmonary segmentectomy with bronchoscopic jet ventilation

Age Sex Targeted
bronchus

BJV result Brinkman
index

FEV1%
(%)

CT
change

Drainage
removal

Postoperative complication

77 F 1+2,3 Succeeded 0 85 − POD 1 Pneumonia until POD5

75 M 1+2,3 Succeeded 200 75 − POD 2 Pleural effusion/drainage on POD5

72 F 1+2,3 Succeeded 600 87 − POD 2 Takotsubo cardiomyopathy on POD4

74 F 8 Succeeded 0 71 − POD 8 Subcutaneous emphysema

67 F 9,10 Failed 0 74 − POD 7 Chylothorax until POD2

73 F 1 Succeeded 400 76 + POD 8 Air leaks until POD7, cylothorax until POD4

69 M 2 Succeeded 0 79 − POD 11 Pulmonary fistula/pleurodesis on POD5 and POD7

65 M 3 Succeeded 880 70 + POD 10 Pulmonary fistula/pleurodesis on POD8

81 M 6 Succeeded 0 84 − POD 7 Pulmonary fistula/pleurodesis on POD5

74 M 9 Succeeded 800 70 + POD 6 Air leaks until POD5, late onset pulmonary fistula on
POD12, pleurodesis on POD13

54 F 9,10 Failed 1320 83 − POD 6 Air leaks until POD5, late onset pulmonary fistula on
POD14, pleurodesis on POD26

BJV bronchoscopic jet ventilation, CT change emphysematous change in CT, POD postoperative days
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43 (79%), P = 0.015). Table 3 shows the relationship be-
tween the location of the targeted bronchus and BJV.
Segmentectomy was performed for any lobe, although
upper lobe regions were the most common.
There were nine unsuccessful cases in which the

inflation-deflation border by BJV was not clear enough
to identify the target segment and four unsuccessful
cases in which BJV was not applied because surgeons
found it difficult to insert the bronchoscope. Alternative
procedures were needed for these 13 BJV unsuccessful
cases (Table 4). In four cases, the segmental plane was
judged based on the blood vessel route and the demarca-
tion line was marked by electrocautery. In three cases,
extended segmentectomy combined with adjacent non-
anatomic wedge resection was performed beyond the
obscure demarcation line. In one case, a modified
inflation-deflation method was attempted, i.e., after the
involved bronchus was divided, temporary bilateral lung
ventilation was conducted and the targeted segmental
bronchus was tied to keep the gas inside, and thereafter
the segment to be preserved was collapsed by resuming
one-lung ventilation. In this case, the surgeon needed to
perform non-anatomic resection beyond the demarca-
tion line. In other cases, the inflation-deflation line was
created by inserting a jet ventilation-connected indwell-
ing needle directly into the target bronchus from the op-
erative field and inflating the target segment.

Discussion
Thoracoscopic segmentectomy has increased in popular-
ity in recent years, and several methods to identify the
intersegmental plane have been proposed [10]. In our
hospital, 48 thoracoscopic pulmonary segmentectomies
with BJV were performed during a 5-year period. The
success rate of BJV was 73%, with the Brinkman index

and the location of the target bronchus being signifi-
cantly related to the success rate.
Okada et al. [6] reported a technique involving select-

ive segmental jet ventilation using a bronchoscope as a
new method to detect the intersegmental plane. They
completed thoracoscopic segmentectomy in 52 patients
with a median operative time of 155 min (range 85-225)
and without severe complications, and concluded that
BJV provides an obvious intersegmental plane quickly
and easily. They described detection of the intersegmen-
tal plane by BJV in addition to the path of the interseg-
mental veins, but did not include intraoperative details
of BJV such as the success rate or factors associated with
difficulty. In the present study, we found that thoraco-
scopic segmentectomy by BJV was successful in 35 out
of 48 cases, for an acceptable success rate of 73%.
In patients with chronic obstructive pulmonary disease

(COPD), it is supposed that the jet ventilation method is
difficult because the inflation-deflation line could be ob-
scure or misleading due to collateral ventilation [2]. In
the present study, COPD was not related to the failure
of BJV. The jet ventilation delivers extremely small tidal
volumes that might not be sufficient to inflate the adja-
cent segment through the collateral respiratory struc-
ture. In addition, the surgeon can see the gradual
inflation of the targeted segment and stop the jet ventila-
tion upon complete inflation but before air flows into
the collateral ventilation. The intersegmental line by BJV
was obscure in two patients who had Goddard’s classifi-
cation 3 severe emphysema in our study. The number of
patients who had severe emphysema was relatively small.
Further study is needed to investigate the relationship
between severe emphysema and BJV success. Our data
indicate that BJV is applicable to moderate emphysema,
although the small number of patients in this study was
a limitation.

Table 3 Targeted bronchus and success of the bronchoscopic jet ventilation method

Targeted bronchus Succeeded cases Failed cases Not attempted Cumulative total of
attempted cases

Cumulative total
of failed cases

Cumulative percent
of failed cases (%)

1 3 0 3 0 0

1+2 3 0 2 6 0 0

1+2,3 7 1 1 14 1 11

2 2 0 16 1 11

3 5 1 22 2 22

4,5 3 2 27 4 44

6 6 1 34 5 56

8 3 0 37 5 56

9 2 0 1 39 5 56

9,10 1 3 43 8 89

10 0 1 44 9 100

Total 35 9 4
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Another difficulty with the jet inflation method is se-
cretions remaining in the airway that can interfere with
inflation of the targeted lung. In the present study, a
higher Brinkman index was significantly related to fail-
ure of BJV. Sufficient delineation of the intersegmental
plane by BJV could not be achieved in 75% of patients
who had a Brinkman index over 1000. Long-term smok-
ing increases mucus production and causes heavy airway
secretions, which could be a cause of the lower success
rate of BJV. Preoperative intervention to facilitate secre-
tion drainage, such as pulmonary rehabilitation or anti-
cholinergic inhalation with a nebulizer, could improve
airway clearance and potentially improve BJV success.
In the present study, the success rate was significantly

lower when BJV was applied to the posterior basal seg-
mental bronchus (B10) compared to other regions. B10
is located in a very deep area; it might be difficult to ef-
fectively insert the bronchoscope into the deep smaller
bronchi. During BJV procedure, surgeons helped an
anesthesiologist lead the bronchofiberscope to the tar-
geted bronchus through the light of the tip at the surgi-
cal field. According to the operative records, the
bronchoscope was positioned in B10 appropriately; how-
ever, the inflation-deflation line was not clear enough to
identify the segmental plane. It is possible that the dee-
per bronchus might be more vulnerable to airway secre-
tion. In addition, the anatomy of S10 and adjacent

segments such as superior (S6) and medial basal (S7)
varies among patients, which might make it difficult to
clearly identify the intersegmental plane of the posterior
basal segment [11].
The right and left lung anatomy are asymmetrical. The

BJV success rate was not different between right and left.
There are three segments in the right upper lobe: apical
(B1), posterior (B2), and anterior (B3). On the other
hand, there are four segments in the left upper lobe: api-
coposterior (B1+2), anterior (B3), inferior lingual (B4),
and superior lingual (B5). Regarding difficulty reaching
the target lesion with the bronchoscope, B1+2 was con-
sidered to be the most difficult for insertion because of
its sharp angle [12]. During surgery, bronchoscopy may
be further complicated by the patient’s lateral decubitus
position. In our study, four cases including three B1+2
were not applied BJV because the surgeon found that
the target bronchus was anatomically too difficult for
bronchoscope insertion. The success rate of BJV was not
different between B1+2 and the other regions.
Various methods have been proposed to identify inter-

segmental planes during thoracoscopic pulmonary seg-
mentectomy [10, 13]. In the slip knot method, a specific
ligation (slip knot) is applied to the target segment bron-
chus followed by bilateral ventilation, and then the knot
is slipped to close the bronchus [14–16]. This method
does not require a jet ventilator and anesthesiologist

Table 4 Unsuccessful cases of thoracoscopic pulmonary segmentectomies with bronchoscopic jet ventilation

Age Sex Targeted
bronchus

BJV
result

Brinkman
index

FEV1%
(%)

CT
change

Alternative procedure Drainage
removal

Postoperative complication

74 M 1+2 No try 2420 71 − Direct inflation into the
bronchus

POD 3

70 M 1+2,3 No try 1500 67 + Direct inflation into the
bronchus

POD 6 (Air leaks until POD5)

64 F 1+2 No try 0 80 − Direct inflation into the
bronchus

POD 2

60 M 1+2,3 Failed 800 66 − Direct inflation into the
bronchus

POD 2

72 F 3 Failed 0 76 − Blood vessel route POD 2

67 M 4,5 Failed 2000 74 + A modified inflation-
deflation method

POD 5 (Air leaks until POD3)

68 M 4,5 Failed 1500 69 + Blood vessel route POD 2

68 M 6 Failed 2500 65 + Blood vessel route POD 1

56 F 9 No try 0 82 − Direct inflation into the
bronchus

POD 2

67 F 9,10 Failed 0 74 − Extended
segmentectomy

POD 7 Cylothorax until POD2

54 F 9,10 Failed 1320 83 − Extended
segmentectomy

POD 6 Air leaks until POD5, late onset pulmonary
fistula on POD14, pleurodesis on POD26

59 F 9,10 Failed 468 75 − Blood vessel route POD 3

65 F 10 Failed 0 88 − Extended
segmentectomy

POD 3

BJV bronchoscopic jet ventilation, CT change emphysematous change in CT, POD postoperative days
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who manipulate bronchoscope; however, in some cases,
it takes time to obtain lung collapse in the preserved
segments. Other methods use indocyanine green (ICG),
which is a green dye visible under regular white light
and visible as fluorescence by near-infrared light. Misaki
et al. reported intravenous ICG injection after clamping
the pulmonary arteries perfusing the target segment
[17–19]. Under fluorescence thoracoscopy, the target
segment is visualized as a dark area while the lung per-
fused with ICG appears as a bright area. Limitations of
this method are that the duration of intravascular ICG
visualization is short because ICG is rapidly washed out,
and that fluorescence thoracoscopy is not yet widely
available. The BJV method needs a skillful
anesthesiologist and a jet ventilator. A jet ventilator pro-
vides high-frequency jet ventilation (HFJV) for laryngeal
surgery and management of the difficult airway which
have potential hazards to cause barotrauma [20]. In the
BJV method, a jet ventilator is used to send small vol-
ume of air into the targeted segment through a broncho-
scope, not for respiration (gas exchange). Therefore,
inspiratory driving pressure and frequency is much less
than HFJV. Driving pressure setting for HFJV is 1–3 bar
[20], whereas pressure needed for BJV is less than 0.6
bar. A jet ventilator enables an anesthesiologist to in-
crease driving pressure gradually and stop inflation im-
mediately with one hand while he/she holds a
bronchoscope with the other hand. Surgeons who can
monitor the lung directory from the operative field warn
hyperinflation during BJV. Close collaboration between
the anesthesiologist and the surgeon is essential to safely
complete the procedure.
Although there were thirteen unsuccessful BJV cases,

neither operative time nor intraoperative bleeding was
higher in these cases compared to the successful cases.
We consider this was because alternative approaches
were promptly applied. Typical difficulties encountered
during BJV are insertion of the bronchoscope to the tar-
geted bronchus and inflation of the targeted segment
with jet ventilation. Proper insertion can be quickly con-
firmed from the surgical field by the bronchoscope tip
light, and surgeons can also directly see the targeted
bronchus and estimate the anatomical feasibility of
inserting the bronchoscope. Inflation of the targeted seg-
ment can also readily be confirmed. During jet ventila-
tion, the surgeon can see the gradual inflation of the
targeted segment and either clear visualization of the
intersegmental line or failure to create the inflation-
deflation line owing to collateral ventilation or airway se-
cretion. These features of BJV help the operator to make
a judgment on whether the BJV method is feasible or
not, and to promptly change tactic when necessary.
Incidence of postoperative complications was not

different between BJV success cases and BJV failed

cases. In the present study, air leaks and pulmonary
fistula were the most common issue. In BJV failed
cases, adjacent non-anatomic wedge resection was
performed; however, persistent air leaks did not occur
except one case. Smoking, pleural adhesion, stapling
length, and early postoperative drainage were reported
to be a significant risk factors for persistent air leaks
after pulmonary resection [21, 22]. These factors
might play a dominant role on incidence of the post-
operative air leaks. Direct inflation into the bronchus
by puncturing with a needle has been reported to
cause massive air embolism, most likely resulting
from direct injection of air into an adjacent pulmon-
ary vein [14, 16]. Although we did not have any com-
plication with the alternative method, great care is
essential as this approach. Among those who had sur-
gery except segmentectomy (n = 21) and those who
were not applied BJV (n = 4), postoperative complica-
tions were seen in 5 patients. Incidence of postopera-
tive complications was not different between BJV
cases and non-BJV cases (11/44, 25% vs 5/25, 20%, P
= 0.636).
There were some limitations in this study. The BJV

technique might depend on the skill of the
anesthesiologist; however, BJV was not performed by a
single anesthesiologist in the present study. Ten
anesthesiologist performed BJV during the 5-years study
period and there was not obvious individual difference
in the BJV success rate. All anesthesiologist had more
than 4 years of experience and more experienced
anesthesiologist supervised them if they needed. Al-
though bronchoscopy is the widespread practice, the
BJV method requires a clear knowledge of tracheobron-
cial anatomy with the fiberoptic bronchoscope. A video
screen monitor to allow sharing the views was used
whenever possible in the present study. Enhanced bron-
choscopic view and communication between anesthesi-
ologists and surgeons helped us succeeded BJV
technique.
Another limitation is the small number of the cases.

Although we included all patients scheduled for pul-
monary segmentectomy during 5 years, there were only
two patients with severe CT-diagnosed emphysema.
Confounding may also exist in the present study because
data were gathered retrospectively. Statistical adjust-
ments were not performed due to the small sample size.
The observed relationships between difficulty of BJV and
long-term smoking or deep bronchus seem clinically
reasonable. Further research including larger numbers of
patients is needed.

Conclusions
In conclusion, our data demonstrate that BJV is a sound
option for identifying the intersegmental plane during
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thoracoscopic segmentectomy and can be applied to pa-
tients with moderate emphysema. Predictors of BJV fail-
ure are long-term smoking and posterior basal segment.
The BVJ method seems to be a feasible and reasonable
procedure for thoracoscopic segmentectomy.

Abbreviations
BJV: Bronchoscopic jet ventilation; CT: Computed tomography; FEV1: Forced
expiratory volume in 1 s; FVC: Forced vital capacity; LAA: Low attenuation
areas; HFJV: High frequency jet ventilation

Acknowledgements
We thank all of the staff members of the Department of Surgery and
Anesthesiology, Hamanomachi Hospital who participated in the procedures
of the reported patients.

Authors’ contributions
MI contributed to the study conception, reviewed data, and wrote the
manuscript. MT contributed to data collection and wrote the manuscript. AF
and TM performed actual procedures and provided valuable discussion of
the study. MS and KY reviewed and helped edit the manuscript. The authors
read and approved the final manuscript.

Funding
No funding

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional clinical research ethics
committee of Federation of National Public Service Personnel Mutual Aid
Associations, Hamanomachi Hospital (No.2019-21). Informed consent for the
procedure was obtained by surgeon from each patient.

Consent for publication
This study took opting out to obtain consents for publication and
participation.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Anesthesiology, Federation of National Public Service
Personnel Mutual Aid Associations, Fukuoka, Japan. 2Present Address: Section
of Anesthesiology, Department of Diagnostics and General Care, Fukuoka
Dental College, 2-15-1, Tamura, Sawara-ku, Fukuoka, Fukuoka 814-0193,
Japan. 3Present Address: Department of Anesthesiology, St. Mary’s Hospital,
Fukuoka, Japan. 4Department of Anesthesiology and Critical Care Medicine,
Kyushu University Hospital, Fukuoka, Japan. 5Department of Anesthesiology
and Critical Care Medicine, Graduate School of Medical Science, Kyushu
University, Fukuoka, Japan.

Received: 18 May 2021 Revised: 14 June 2021
Accepted: 28 June 2021

References
1. D’Amico TA. Thoracoscopic segmentectomy: technical considerations and

outcomes. Ann Thorac Surg. 2008;85(2):2007–9.
2. Witte B, Wolf M, Hillebrand H, Huertgen M. Complete video-assisted

thoracoscopic surgery anatomic segmentectomy for clinical stage I lung
carcinoma - technique and feasibility. Interact Cardiovasc Thorac Surg. 2011;
13(2):148–52. https://doi.org/10.1510/icvts.2010.260315.

3. Atkins BZ, Harpole DH, Mangum JH, Toloza EM, D’Amico TA, Burfeind WR.
Pulmonary segmentectomy by thoracotomy or thoracoscopy: reduced
hospital length of stay with a minimally-invasive approach. Ann Thorac
Surg. 2007;84(4):1107–13. https://doi.org/10.1016/j.athoracsur.2007.05.013.

4. Ghaly G, Kamel M, Nasar A, Paul S, Lee PC, Port JL, et al. Video-assisted
thoracoscopic surgery is a safe and effective alternative to thoracotomy for
anatomical segmentectomy in patients with clinical stage I non-small cell
lung cancer. Ann Thorac Surg. 2016;101(2):465–72. https://doi.org/10.1016/j.a
thoracsur.2015.06.112.

5. Tsubota N. An improved method for distinguishing the intersegmental
plane of the lung. Surg Today. 2000;30(10):963–4. https://doi.org/10.1007/
s005950070056.

6. Okada M, Mimura T, Ikegaki J, Katoh H, Itoh H, Tsubota N. A novel
video-assisted anatomic segmentectomy technique: selective
segmental inflation via bronchofiberoptic jet followed by cautery
cutting. J Thorac Cardiovasc Surg. 2007;133(3):753–8. https://doi.org/1
0.1016/j.jtcvs.2006.11.005.

7. Okada M, Tsutani Y, Ikeda T, Misumi K, Matsumoto K, Yoshimura M, et al.
Radical hybrid video-assisted thoracic segmentectomy: long-term results of
minimally invasive anatomical sublobar resection for treating lung cancer.
Interact Cardiovasc Thorac Surg. 2012;14(1):5–11. https://doi.org/10.1093/
icvts/ivr065.

8. Matsuoka H, Nishio W, Sakamoto T, Harada H, Yoshimura M, Tsubota N.
Selective segmental jet injection to distinguish the intersegmental plane
using jet ventilation. Japan J Thorac Cardiovasc Surg. 2003;51(8):400–1.
https://doi.org/10.1007/BF02719478.

9. Asai N, Kawamura Y, Yamazaki I, Sogawa K, Ohkuni Y, O’uchi T, et al. Is
emphysema a risk factor for pneumothorax in CT-guided lung biopsy?
Springerplus. 2013;2(1):1–6.

10. Sato M, Murayama T, Nakajima J. Concepts and techniques: how to
determine and identify the appropriate target segment in anatomical
pulmonary segmentectomy? J Thorac Dis. 2019;11(3):972–86. https://doi.
org/10.21037/jtd.2019.02.83.

11. Sato M, Murayama T, Nakajima J. Thoracoscopic stapler-based
“bidirectional” segmentectomy for posterior basal segment (S10) and its
variants. J Thorac Dis. 2018;10(Suppl 10):S1179–86. https://doi.org/10.21
037/jtd.2018.01.31.

12. Sakurada A, Takahashi N, Sato M, Miyagawa Y, Matsumura H,
Murakami G. Are difficulties during transbronchial lung biopsy/
brushing through a fiberoptic bronchoscope based on the bronchial
anatomy? Surg Radiol Anat. 2005;27(2):94–9. https://doi.org/10.1007/
s00276-004-0297-0.

13. Mun M, Nakao M, Matsuura Y, Ichinose J, Nakagawa K, Okumura S.
Novel techniques for video-assisted thoracoscopic surgery
segmentectomy. J Thorac Dis. 2018;10(Suppl 14):S1671–6. https://doi.
org/10.21037/jtd.2018.05.207.

14. Endoh M, Oizumi H, Kato H, Suzuki J, Watarai H, Hamada A, et al.
How to demarcate intersegmental plane with resected-segments
inflation method using the slip knot technique in thoracoscopic
anatomic segmentectomy. J Vis Surg. 2017;3:100. https://doi.org/10.21
037/jovs.2017.06.11.

15. Kato H, Oizumi H, Suzuki J, Hamada A, Watarai H, Nakahashi K. Video-
assisted thoracoscopic subsegmentectomy for small-sized pulmonary
nodules. J Vis Surg. 2017;3(6):105. https://doi.org/10.21037/jovs.2017.
06.05.

16. Sekine Y, Ko E, Oishi H, Miwa M. A simple and effective technique for
identification of intersegmental planes by infrared thoracoscopy after
transbronchial injection of indocyanine green. J Thorac Cardiovasc
Surg. 2012;143(6):1330–5. Available from:. https://doi.org/10.1016/j.
jtcvs.2012.01.079.

17. Misaki N, Chang SS, Gotoh M, Yamamoto Y, Satoh K, Yokomise H. A novel
method for determining adjacent lung segments with infrared
thoracoscopy. J Thorac Cardiovasc Surg. 2009;138(3):613–8. https://doi.org/1
0.1016/j.jtcvs.2009.01.003.

18. Misaki N, Chang SS, Igai H, Tarumi S, Gotoh M, Yokomise H. New clinically
applicable method for visualizing adjacent lung segments using an infrared
thoracoscopy system. J Thorac Cardiovasc Surg. 2010;140(4):752–6. https://
doi.org/10.1016/j.jtcvs.2010.07.020.

19. Mun M, Okumura S, Nakao M, Matsuura Y, Nakagawa K. Indocyanine green
fluorescence-navigated thoracoscopic anatomical segmentectomy. J Vis
Surg. 2017;3:80. https://doi.org/10.21037/jovs.2017.05.06.

20. Jaquet Y, Monnier P, Van Melle G, Ravussin P, Spahn DR, Chollet-Rivier M.
Complications of different ventilation strategies in endoscopic laryngeal
surgery: a 10-year review. Anesthesiology. 2006;104(1):52–9. https://doi.org/1
0.1097/00000542-200601000-00010.

Ikeda et al. JA Clinical Reports            (2021) 7:53 Page 8 of 9

https://doi.org/10.1510/icvts.2010.260315
https://doi.org/10.1016/j.athoracsur.2007.05.013
https://doi.org/10.1016/j.athoracsur.2015.06.112
https://doi.org/10.1016/j.athoracsur.2015.06.112
https://doi.org/10.1007/s005950070056
https://doi.org/10.1007/s005950070056
https://doi.org/10.1016/j.jtcvs.2006.11.005
https://doi.org/10.1016/j.jtcvs.2006.11.005
https://doi.org/10.1093/icvts/ivr065
https://doi.org/10.1093/icvts/ivr065
https://doi.org/10.1007/BF02719478
https://doi.org/10.21037/jtd.2019.02.83
https://doi.org/10.21037/jtd.2019.02.83
https://doi.org/10.21037/jtd.2018.01.31
https://doi.org/10.21037/jtd.2018.01.31
https://doi.org/10.1007/s00276-004-0297-0
https://doi.org/10.1007/s00276-004-0297-0
https://doi.org/10.21037/jtd.2018.05.207
https://doi.org/10.21037/jtd.2018.05.207
https://doi.org/10.21037/jovs.2017.06.11
https://doi.org/10.21037/jovs.2017.06.11
https://doi.org/10.21037/jovs.2017.06.05
https://doi.org/10.21037/jovs.2017.06.05
https://doi.org/10.1016/j.jtcvs.2012.01.079
https://doi.org/10.1016/j.jtcvs.2012.01.079
https://doi.org/10.1016/j.jtcvs.2009.01.003
https://doi.org/10.1016/j.jtcvs.2009.01.003
https://doi.org/10.1016/j.jtcvs.2010.07.020
https://doi.org/10.1016/j.jtcvs.2010.07.020
https://doi.org/10.21037/jovs.2017.05.06
https://doi.org/10.1097/00000542-200601000-00010
https://doi.org/10.1097/00000542-200601000-00010


21. Pan H, Chang R, Zhou Y, Gao Y, Cheng Y, Zhang C. Risk factors associated
with prolonged air leak after video-assisted thoracic surgery pulmonary
resection: a predictive model and meta-analysis. Ann Transl Med. 2019;7(5):
103. https://doi.org/10.21037/atm.2019.02.17.

22. Pischik VG, Maslak OS, Obornev AD, Zinchenko EI, Kovalenko AI. Risk factors
and outcomes of prolonged air leak after pulmonary resections. Indian J
Thorac Cardiovasc Surg. 2019;35(4):564–8. https://doi.org/10.1007/s12055-01
9-00827-w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ikeda et al. JA Clinical Reports            (2021) 7:53 Page 9 of 9

https://doi.org/10.21037/atm.2019.02.17
https://doi.org/10.1007/s12055-019-00827-w
https://doi.org/10.1007/s12055-019-00827-w

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

