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Abstract

Introduction: For successful pulmonary segmentectomy, the identification of boundaries between segments is im-
portant. Previous measures include tracing the intersegmental vessels by staining with a dye via the affected pul-
monary artery or bronchus and inflating with oxygen via a high frequency ventilator. However, problems with these
methods have been reported.

Aim: We developed a novel method using a manual jet ventilator (MJV) and investigated its efficacy in identification
of the pulmonatry intersegmental plane.

Material and methods: Patients underwent MJV for pulmonary segmentectomy in the period from January 2013
to December 2017 at our institution. The patients’ characteristics, resected segments, availability of clear resection
planes, and complications associated with MJV from medical records were investigated. A questionnaire survey was
conducted with the surgeons on the effectiveness of lung segment identification using MJV.

Results: Of 199 cases of planned pulmonary segmentectomy, 171 cases with descriptions of identified interseg-
mental planes were analyzed. Of these, 152 (89%) cases showed a clear boundary. There were 19 cases where the
exact boundaries were not clearly identified, but segmentectomy was still performed. Furthermore, we found that
identification of the right upper lobes was difficult (p = 0.0028). A subjective questionnaire was answered by the
12 surgeons who performed the procedures. All 12 responded that MJV was very effective or effective regarding
clarity, safety, shorter identification time, and shorter resection time.

Conclusions: MJV enabled surgeons to more easily and safely identify the pulmonary intersegmental plane, thereby
suggesting that MJV has clinical significance during pulmonary segmentectomy.

Key words: pulmonary segmentectomy, manual jet ventilation, fiberoptic bronchoscope, identification of the in-
tersegmental plane.

Introduction , :
function-sparing surgery. Of note, the outcomes of

Recent advances in the treatment of lung can-  segmentectomy have been reported to be compa-
cer include detection of early stage, small-sized lung  rable with those of lobectomy [1, 2]. For successful
cancers combined with minimally invasive and lung  segmentectomy, the ability to identify boundaries
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between the resected segment and others is crucial.
However, there are many variations of intersegmen-
tal vessels, and the boundaries are not clear; there-
fore, a simple trace of the intersegmental vessels is
not possible.

As a result, various techniques for identification
have been reported including labeling the target seg-
ment with a dye via the pulmonary artery, bronchus,
or peripheral vein, or inflating the segment with ox-
ygen or air into the bronchus via the surgical field
or fiberoptic bronchoscope (FOB) using a high fre-
quency jet ventilator [3-12]. However, many of these
techniques contain problems or difficulties includ-
ing the potential for an air embolism and requiring
a darkened environment.

Recently, Oizumi et al. reported the use of
multi-detector computed tomography (CT) for seg-
mentectomy [12]. This resulted in successful iden-
tification in 98% of the patients scheduled for seg-
mentectomy. However, this method requires time for
a knot to be produced in the operative field, as well
as facilities that have high-resolution CT. By using
a manual jet ventilator (MJV), we were able to insuf-
flate the target lung segment with oxygen, thereby
allowing for simpler, safer, and clearer identification
of boundaries.

Aim
In this study, we retrospectively investigated the

efficacy of this novel technique for detection of an
intra-segmental border during surgery.

Material and methods

Patients scheduled for lung segmentectomy or
subsegmentectomy using MJV (MCS-3, NIPPON
MEGACARE CORPORATION, Tokyo, Japan) for identi-
fication of the intersegmental plane in our hospital

Photo 1. Intersegmental line
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were enrolled between January 1, 2013 and Decem-
ber 31, 2017. We excluded cases where identifica-
tion by MJV was not necessary. We identified pa-
tients’ characteristics including age, gender, height,
body weight, and resected segments, availability of
clear resection planes acquisition, and complications
associated with MJV via patient medical records. We
examined the relationship between success rate and
patients’ characteristics or resected segments.

Manual jet ventilator

The procedure for detecting the border between
segments using MJV was as follows. We inserted the
FOB into the bronchus of the lung segment to be
resected from a double lumen tracheal tube (Bron-
cho-Cath, Covidien Japan). Next, we inserted and fit-
ted the tip of the MJV into the FOB air supply port,
and the pressure was set at 0.14-0.21 MPa, with
manual insufflation using oxygen into the resected
segment while checking the expansion of the seg-
ment from the surgical field by the endoscopic im-
age. Once we identified a clear intersegmental plane
(Photo 1), the FOB was removed and the surgeon
proceeded with the surgery.

Questionnaire for surgeons

Asubjective questionnaire was giventothe 12 ex-
perienced surgeons who performed all of the pro-
cedures to compare the lung segment identification
by MJV with other identification methods. The ques-
tionnaire included items related to clarity, simplicity,
safety, shorter identification time, and shorter resec-
tion time. Each item was evaluated as very effective,
effective, somewhat effective, or invalid.

Statistical analysis

Statistical analyses were carried out by unpaired
Student’s t test, Fisher’s exact test, and the y? test.
A p < 0.05 was considered statistically significant.

Results

Pulmonary segmentectomy was identified in 199
cases. Eighteen cases were excluded because we
could not determine whether MJV was performed.
In 10 cases, identification by MJV was no longer
needed because of bronchial obstruction by the
tumor or changes to the surgical procedures. Final-
ly, 171 cases were analyzed (Figure 1). Table | lists
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the characteristics of the 171 patients (mean + SD).
The success rates of identification for males and fe-
males were 85% and 93%, respectively (p = 0.09),
and there were no statistically significant differenc-
es in identification of the pulmonary intersegmental
plane during segmentectomy with respect to patient
characteristics.

Table Il and Figure 2 show segments or subseg-
ments scheduled for resection (right upper lobes, 35;
right lower lobes, 48; left upper lobes, 53; left lower
lobes, 35 cases); these included 15 subsegment cas-
es. Clear planes were obtained in 152 (89%) cases
by MJV. In 19 cases, the resection borders could not
be clearly identified in the following segments: right
upper lobes in 10 cases (S': 3, 5% 4,S'+ S%: 1, S'a +
S% 1, S'b + S?%: 1), right lower lobe in 2 cases (57, $°
+ S19), left upper lobe in 4 cases (S'*%: 1,5% 1,51 +2+
S3: 2), and left lower lobes in 3 cases (5%, S&+ S°+
S10, S2 + S19) (Table IlI, Figure 2). Successful identifi-

Table I. Patient characteristics (n = 171)

The patients scheduled for lung segmentec-

199 patients tomy or subsegmentectomy in 2013-2017

Exclude .
> 18 patients
We could not find
the patients’ records
Exclude

> 10 patients

Need not identification
of intersegment by MJV

Y

171 patients

Figure 1. Flow chart showing examination cases

cation was significantly lower in the right upper lobe
(p = 0.0028). There were no complications associat-
ed with MJV.

Parameter Total Identification
Clear Unclear Success rate (%) P-value

Age [years] 67 10 68 +10 67 11 0.72
Patients: 171 152 19 89

Male 85 72 13 85

Female 86 80 6 93 0.09
Height [cm] 159 £9 159 £9 163 £9 0.07
Weight [kg] 58 +11 58 +11 59 +11 0.80

Mean + SD, p-values were analyzed by unpaired Student’s t test and Fisher’s exact test.

Table II. Area scheduled for resection (n = 171)

Right upper lobe: 35

S 12,5%6,5'+5%4,5'a+5%1,S'b+S%1,5'+5%:3,Sb+5%1,S%h +S%: 1,535

Right lower lobe: 48

S 17,58 +c: 1, S8+ SBa: 3, SO+ S8+ 5% 1, SO+ 5%+ S10: 1, S04+ 5193 + b: 1, SO+ S%a: 1, So+ S10: 1,
S§7:3,S74+584+5% 1, S7+ S84+ S94+G10: 1, S8: 5 5% 2 S84+ 5% 2, S84+ S%: 2, S7+ S0 5 S0 1

Left upper lobe: 53

S1*2:13,S'"2a + b: 1, 5% 6, S1+24+ S3c: 1, S1*24+ §3%: 25, S4+ 5% 7

Left lower lobe: 35

S6: 18, S04 S10: 1, S8: 4, S84+ S%: 2, S84 S94 S10. 3/ G841 94 Sl0pc: 1, S24 S10: 3, S10: 2

Left lower lobe: 1 (needed to identify between lobes because it is unclear congenitally)

Right middle lobe (S* or S°): O case.
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Right Left
Upper lobe: 51+5°0000 gi+2 52+ Upper lobe:
35 cases Sla+S? @ 88889 88888 88888 53 cases
Sh+s* O Sb+S? @ ® ole! § §§888 St +5% O
5 000 Si+g3 e I ]
sh+5a 0 S Qg 5 QOO00
$* OOO00O
Middle lobe: 0 S+ S° 88000
SE
Lower lobe: 88888
48 cases Q0000
00 Lower lobe:
Sb+cO 35 cases
S6+S8+S° O R s 0000
S6+52+S10 O 650 0 S8+ S°00
S6 4+ S8a 00O +
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Figure 2. Area scheduled for resection and unclearly identification cases (filled points inside)

Table Ill. Unclear identification cases (19/171)

Right upper lobe: 10/35 29%
St 3,5%4,5'+5%1,Sa+ 5% 1, S+ 5% 1

Right lower lobe: 2/48 4%
S7:1,5°+510: 1

Left upper lobe: 4/53 8%
S*21,8% 1,52+ 5% 2

Left lower lobe: 3/35 9%

S6: 1,584+ 5%+ 5101, S7+ 510 1

P =0.0028 by y? test.

Our subjective questionnaire was answered
by 12 experienced surgeons who performed these
procedures. All 12 responded that MJV was “very
effective” or “effective” with respect to clarity, safe-
ty, shorter identification time, and shorter resection
time. Furthermore, 11 surgeons answered “very ef-
fective” or “effective” with regard to simplicity, and
1 surgeon replied “somewhat effective.” None of the
surgeons answered “invalid” for any items (Figure 3).

Discussion

The findings of this retrospective study revealed
that a clear boundary was obtained in 89% of the
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patients who underwent MJV for planned pulmonary
segmentectomy, whereas exact boundaries could
not be identified in 11% of the cases. We also found
that identification of the right upper lobes was dif-
ficult for segmentectomy. Additionally, surgeons
preferred MJV via questionnaire (clarity, simplic-
ity, safety, identification time, and resection time).
These results suggest that MJV could be a safe and
convenient procedure to identify the pulmonary in-
tersegmental plane for segmentectomy.

There are many methods available for identifi-
cation of lung segments. Sakamoto et al. used the
temperature differences between the segments
following ligation of the intersegmental vessels
[3]; however, this technique has limitations as it is
difficult to identify internal boundaries of the lung
because only the external lung surface is examined
using this method, making it difficult to determine
in smaller incisions. Techniques using dyes such
as methylene blue or indocyanine green have also
been reported [4-7]. This method requires a dye to
be injected directly into the resected bronchi[4, 5] or
directly into the bronchial artery of the diseased seg-
ment to identify the target segments. Alternatively,
the dye can be injected into the peripheral vein fol-
lowing ligation of the resected bronchial artery to
identify the intended segments [6].
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Clarity 5
Simplicity 4 1
Safety 5
Shorter identification time 7
Shorter resection time 5
0 20 40 60 80 100
Percentage
m Very effective @ Effective & Somewhat effective  m Invalid

Figure 3. Questionnaire results for surgeons (n = 12)

Zhang et al. reported that methylene blue is
safer than indocyanine green because it results in
a lower risk of liver damage and anaphylaxis and be-
cause the artery is softer and easier to pierce than
the bronchus [4]; however, the procedure for dye
injection is difficult as dye is injected directly into
the surgical field over 1-2 min. Furthermore, this
may change the volume of the segment and the dye
may not spread consistently and evenly. Intravascu-
lar dye injection is easy to administer and results
in small changes in the lung volume, and various
studies have also reported the use of fluorescence
[6, 7]; however, these methods require a dark oper-
ation room for the use of an infrared thoracoscopy
system, and the observable time is only 160-270 s.
Furthermore, if any dye leaks into other areas by ac-
cident, the identification process becomes difficult,
which can result in a reported identification rate of
84.6% [6].

Oxygen or air can be used to directly identify tar-
get segments. This method can be used to identify
deflated or inflated segments, and revisions to the
surgical procedure can be performed by suction. Ox-
ygen can be introduced via two methods: via a can-
nulation into the segmental bronchi directly from the
surgery field, or insertion via the FOB into the bron-
chus from a double lumen tracheal tube. However,
oxygen may be accidentally injected intravenously,
resulting in an air embolism. Therefore, introducing
oxygen directly using the FOB is safer.

Previous studies have reported the inflation of
the lung using an FOB as well as the use of a high
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frequency jet ventilator (HFV) [8, 9]. Low flow oxy-
gen rates (approximately 1-3 |/min) resulted in leaks
from the gap of the FOB, and the segment failed to
expand sufficiently. However, it is difficult to admin-
ister oxygen at a high flow rate due to sudden bolus
changes. Similarly, HFV has been reported to cause
sudden expansion of the segment by blowing air
with HFV after insertion of an FOB, allowing for fine
tuning of the pressures [9]. An HFV starting at a low
pressure before the FOB insertion and followed by
a gradual rise in pressure after reaching the target
segment makes it difficult to fine tune the timing
and duration of the oxygen supply.

Our technique uses MJV through the FOB to di-
rectly inflate the resected lung to identify the lung
intersegmental plane. M}V is smaller than HFV, and
it can be easily moved because it can be carried on
the fiber light source device. Additionally, MJV can be
used to easily adjust the inflation time as well as the
amount of aeration in real time. Furthermore, a pre-
vious study reported that Kohn’s pores, which are
traffic branches between alveoli, are closed between
segments, preventing inflation of the next segment
[10]. We were able to obtain clear intersegmental
planes by MJV in 152 of 171 cases (89%), and the
success rate was higher than those of previous stud-
ies that used a dye [6].

Finally, segmentectomy was possible in all 19 cases
with unclear planes owing to a combination of identi-
fication methods by following vessels and using MJV.
No complications were documented from MJV or FOB,
such as bronchial damage, baro-trauma, or air embo-
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lism. Additionally, subjectively, all of our surgeons felt
that MJV was safer, quicker, faster, and easier to help
identify surgical margins, allowing for quicker identifi-
cation of segmental planes, although other identifying
methods were not used in our institute

There were some limitations to our study due
to its retrospective nature. First, clear identification
could not be achieved via MJV in 19 cases. Further-
more, 10 of these 19 cases were segments of the right
upper lobe, and the success rate of identification was
significantly low. These results may be due to the dif-
ficulty in induction of the FOB to the right upper lobe,
especially, when the angle of the branch of the right
upper lobe becomes steeper, the patient’s height is
higher and the distance from the hilum to the branch
of the right upper lobe is longer. In addition, it might
be more difficult to insert the FOB due to the surgical
procedure as the surgeon may shift, constrict, and ro-
tate the bronchi during the operation.

Conclusions

The lung area identification method by MJV is
safe, convenient, and preferred by our surgeons to
identify the pulmonary intersegmental plane. This
method may have important clinical significance for
similar future cases.
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