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Abstract
Purpose The purpose of the present study was to analyze the left pulmonary artery (LPA) branching pattern of the interlo-
bar portion using three-dimensional CT pulmonary angiography (3D-CTPA) and thin-section CT images, and to attempt to 
diagrammatize these patterns.
Materials and methods The study included 320 patients suspected of having lung cancer of the left upper/lower lobe who 
underwent CTPA. The number and origin of the LPA branches of the interlobar portion, A1 + 2c, A6, and lingular artery 
from pars interlobaris (PI), were identified meticulously using 3D-CTPA and thin-section images. We then diagrammatized 
the identified LPA branching patterns of the interlobar portion.
Results The diagrammatized LPA branching patterns of the interlobar portion were broadly classified into seven types in the 
order of bifurcation from proximal to distal. Type 1 was the most frequent (120/320, 37.5%). PI originated from the lower 
portion, that is, from A8 or the common trunk of A8 and A9 in 95 cases (29.7%). We could also precisely diagrammatize 
the LPA branching patterns of the interlobar portion into 85 types in all 320 patients.
Conclusion 3D-CTPA and thin-section images provided precise preoperative information regarding the LPA branching 
patterns of the interlobar portion.

Keywords Pulmonary arteries · Three-dimensional CT pulmonary angiography · Video-assisted thoracic surgery · 
Anatomy · Lung cancer

Introduction

Knowledge of the pulmonary artery (PA) branching pat-
tern is essential, because surgeons occasionally encounter 
unexpected bleeding from the PA during pulmonary resec-
tion. Therefore, identification and appropriate management 
of the PA branches is considered a key to for successful 

anatomical pulmonary resection. Anatomic variations in the 
left PA (LPA) are far more common than in right PA [1, 
2] and make lung resection more difficult especially when 
separation of the interlobar fissure is incomplete [3]. Thus, 
in this area, preoperative identification of the LPA branches 
of interlobar portion would greatly contribute to the patient 
safety and easiness of the lung resection.

Several reports have described the utilities of preoperative 
evaluation of PA using three-dimensional CT pulmonary 
angiography (3D-CTPA) [4–8]. Some investigators have 
reported that 3D-CTPA may increase the safety of surgi-
cal procedures, including video-assisted thoracic surgery 
(VATS) lobectomy and limited resection [4, 9–12]. More-
over, it is necessary to assess preoperative PA branching 
pattern not only by 3D-CTPA but also by the thin-section 
CT images in order to provide better evaluation of smaller 
PA branches [13]. To the best of our knowledge, the LPA 
branching pattern of the interlobar portion with 3D-CTPA 
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and thin-section images has not been investigated. Therefore, 
we analyzed the LPA branching pattern of the interlobar por-
tion using 3D-CTPA and thin-section CT images, and also 
attempted to diagrammatize the results.

Materials and methods

Patients

The Ethics Committee of our hospital approved this retro-
spective study and waived the need for obtaining the consent 
of individual patients. A total of 374 consecutive patients 
suspected of having lung cancer of the left upper/lower 
lobe, who underwent pulmonary angiography scans using 
multidetector row CT (MDCT) between August 2012 and 
August 2018, were retrospectively reviewed. Of these, 54 
patients were excluded from this study because of technical 
problems, poor investigation of hilar structures involved by 
tumor, and previous left lung surgery. The final study popu-
lation included 320 patients (186 men, 134 women; mean 
age, 69.7 years; age range, 22–92 years) (Fig. 1). Of these 
320 patients, 261 underwent pulmonary resection (upper 
lobectomy in 99 patients, lower lobectomy in 59, upper 
division segmentectomy in 24, lingular segmentectomy in 
12, basal segmentectomy in 7, S1 + 2 segmentectomy in 4, 
S3 segmentectomy in 2, S6 segmentectomy in 8, S8/S8 + 9 
segmentectomy in 3, wedge resection in 38, pneumonec-
tomy in 2, and others in 3), whereas 59 were inoperable 
case or underwent follow-up. In patients who had undergone 
anatomical resection, such as lobectomy/segmentectomy, 
postoperative complications were retrieved from available 
clinical records. The development of postoperative compli-
cations in the present study was defined as Grade 2 or above 
for severe complications under the Clavien–Dindo classifica-
tion system [14].

Contrast‑enhanced MDCT

A 64-slice MDCT (Aquilion 64, Toshiba Medical Systems, 
Tokyo, Japan) and a 256-slice MDCT (Brilliance iCT, 
Philips Healthcare, Cleveland, OH, USA) scanners were 
used. The technical parameters used for the 64-slice MDCT 
were as follows: a detector row configuration of 0.5 mm, a 
pitch of 53 (detector pitch 0.41), a reconstruction increment 
of 0.4 mm, and a section thickness of 0.5 mm. The corre-
sponding values for the 256-slice MDCT were 0.625 mm, 53 
(detector pitch 0.83), 0.5 mm, and 0.67 mm, respectively. An 
X-ray tube voltage of 120 kV and a current of 300 mA were 
used in all examinations. The examinations were performed 
with the patient in the supine position during a single breath-
hold at end-inspiration.

A dual-head power injector (Dual Shot GX, Nemoto 
Kyorindo, Tokyo, Japan) was used for all patients for the 
bolus administration of the contrast material iohexol (Omni-
paque 350, Daiichi-Sankyo, Tokyo, Japan) or iopamidol 
(Iopamiron 300, Bayer Yakuhin, Osaka, Japan) via a cubital 
vein. In patients weighing at least 55 kg, 100 ml of contrast 
medium iohexol (350 mg iodine/ml) was injected at a rate of 
3.3 ml/s, and scanning was performed at 18 s after injection 
of the contrast medium. In patients with body weight from 
44 kg–55 kg, 85 ml of contrast medium iohexol (350 mg 
iodine/ml) was injected at a rate of 3.3 ml/s, and scanning 
was performed at 15 s after injection of the contrast medium. 
In patients weighing less than 44 kg, 85 ml of contrast 
medium iopamidol (300 mg iodine/ml) was injected at a rate 
of 3.3 ml/s, and scanning was done at 15 s after injection of 
the contrast medium. There is one more protocol of PA and 
pulmonary vein (PV) separation images that was determined 
from the time–density curve (TDC) using a test bolus dose. 
The injection rate was 4 ml/s, with 20 ml test bolus injected 
prior to the main injection. The test injection determined the 
adequate timing for the PA/PV scan. The PA/PV scan was 
performed with 50 ml of contrast medium iohexol (350 mg 
iodine/ml). Saline chaser was 40 ml and injection rate was 
4 ml/s. These two protocols were comparable to investigate 
PA branching pattern in detail. The volume data obtained 
from the arterial phase were transferred to a workstation 
(zio STATION, ziosoft, Tokyo, Japan), where the data were 
converted to a 3D-CTPA format using the volume-rendering 
technique.

Image analysis

Thin-section transverse images were reviewed at a width of 
1600HU and level -200HU window settings with paging on 
a viewer (EV insite, PSP Corporation Corp., Tokyo, Japan). 
The 3D-CTPA images were interpreted by rotating on the 
same viewer. The window, level, and opacity of the volumes 
were subjectively selected to optimize visualization of the 
PA. In the present study, the number and origin of the LPA 
branches of the interlobar portion were identified meticu-
lously using 3D-CTPA and thin-section images on the same 
viewer. These images were read with an interval of several 
days between interpretations. Two board-certified thoracic 
radiologists with 12 and 22 years of experience indepen-
dently reviewed each CT image. When there was discrep-
ancy over branching patterns between the investigators, the 
case was again reviewed with 3D-CTPA and thin-section 
images, and consensus was reached in order to avoid inter-
observer variability. We then diagrammatized the identified 
LPA branching pattern of the interlobar portion. At first, 
the LPA branching patterns of the interlobar portion were 
broadly classified in the order of bifurcation from proximal 
to distal. Next, we diagrammatized more precisely the LPA 
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branching pattern of the interlobar portion. Figure 2 shows 
a 3D-CTPA image, a diagram of the LPA branching pattern 
of the interlobar portion identified by 3D-CTPA images, and 
intraoperative images of a 70-year-old man with lung cancer 
in the upper left lobe. 

Anatomy

The nomenclature used to describe the segmental PA is that 
of Yamashita [15]. Regarding the LPA branching pattern 
of the interlobar portion, no one pattern for LPA may be 
described as standard, while a relatively typical distribution 
of the segmental arteries is often encountered. The branches 
to the left upper lobe arise from the anterior, posterosupe-
rior, and interlobar portions of the vessel [1]. Yamashita 
described a prevailing pattern’s schema of the left upper 
lobe arteries where the first branch A3, A1 + 2a, and A1 + 2b 
arises from the anterior portion of LPA [15]. The second 
branch, a separate posterior segmental branch (A1 + 2c), is 
found on the posterolateral surface of the interlobar portion 
on the main PA, just at or above the major fissure. The third 
branch, the superior segmental artery (A6), branches poste-
riorly to supply the superior segment of the lower lobe, and 
then the lingular artery originates from the interlobar portion 
(i.e., pars interlobaris) of PA distal to A6. The interlobar 
portion of the LPA is a part of the artery between the origin 
of the lowermost segmental branch to the upper lobe and its 
division into terminal branches to the lower lobe [16]. We 
defined the lingular artery as PI originating from the pars 
interlobaris, namely the interlobar portion of the LPA that 
passes to a site distal to the left upper lobe bronchus, and 
PM from the pars mediastinalis, the anterior portion of the 
mediastinal part of the left arterial trunk (Fig. 3). When ana-
tomical resection is performed, dissection of the left major 
fissure demonstrates these PA branches (A1 + 2c, A6, and 
PI) of left interlobar portion. An important point to note in 
the branching pattern of the lingular arteries (A4 and A5) is 
that A4 and A5 may arise from pars mediastinalis in addition 
to pars interlobaris, and both or one of the lingular arteries 
arises from pars interlobaris with approximately 90% fre-
quency [15]. Sometimes, the lingular arteries as PI originate 
from lower portion, from A8 or the common trunk of A8 and 

A9 [6]. Because some branches of upper lobe and lower lobe 
arise closely, the surgeon must be mindful of the high degree 
of variability of the branches of PA and carefully identify 
each branch before ligation. 

In the present study, the number and origin of the LPA 
branches of the interlobar portion were identified as follows: 
A1 + 2c, the lingular arteries (A4 and A5), and A6. The lin-
gular arteries are identified separately as PI and PI originated 
from lower portion, that is, from A8 or the common trunk of 
A8 and A9 (named as PI´). It was also noted that A3a arose 
from the posterolateral surface of the main LPA of the inter-
lobar portion like A1 + 2c or from PI. Regarding the LPA 
branching pattern of the interlobar portion of “Yamashita’s 
prevailing pattern,” we defined as from A1 + 2c, a A6 to a 
PI in the order of bifurcation from the proximal to distal 
followed as his schema [15].

Results

Figures 4 and 5 show the diagrammatized LPA branch-
ing pattern of the interlobar portion: A1 + 2c, A6, and 
PI, according to the 3D-CTPA images and thin-section 
CT images. At first, the LPA branching patterns of the 
interlobar portion were broadly classified in the order of 
bifurcation from proximal to distal into seven types: Type 
1––A1 + 2c, A6, and PI; Type 2––A6, A1 + 2c, and PI; 
Type 3––PI, A1 + 2c, and A6; Type 4––no A1 + 2c directly 
originated from the LPA of the interlobar portion; Type 
5––no PI (lingular segment supplied solely from PM); 
Type 6––A3a directly originated from the LPA of the 
interlobar portion; Type 7––a few branches of A1 + 2c 
and/or A3a directly originated from the LPA of the inter-
lobar portion, with frequencies of 37.5% (120/320), 13.1% 
(42/320), 0.9% (3/320), 31.0% (99/320), 4.7% (15/320), 
5.9% (19/320), and 6.9% (22/320), respectively (Fig. 4). 
When there were several branches of A6 or PI, we deter-
mined the branch location by position of the most proximal 
branch. The cases with the same positions of A1 + 2c and 
A6 were classified as Type 2 and those with similar posi-
tions of PI and A1 + 2c were classified as Type 3. Among 
the seven broad classification types, Type 1 was the most 

Fig. 1  Study flow chart 374 consecu�ve pa�ents suspected of having lung cancer of the le	 
upper/lower lobe who underwent pulmonary angiography scans using MDCT

between August 2012 and August 2018

54 pa�ents were excluded
• technical problems
• poor inves�ga�on of hilar structures involved by tumor
• previous le	 lung surgery

320 pa�ents included in final series
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frequent (120/320, 37.5%). Next, we could precisely dia-
grammatize the LPA branching pattern of the interlobar 
portion into 85 types in all 320 patients (Fig. 5). 

Among the detailed the LPA branching patterns, 
“Yamashita’s prevailing pattern” of the interlobar portion 
was seen in 48 cases (15.0%) and was the most common 
type.

PI´ was observed in 95 cases (29.7%).
In Type 7 of the broad classification types, the instances, 

where two branches of A1 + 2c directly originated from the 
LPA of the interlobar portion, were found in 15 cases (4.7%), 
where A1 + 2c and A3a directly originated from the LPA 
of the interlobar portion in 6 cases (1.9%), and where two 
branches of A1 + 2c and A3a directly originated from the 
LPA of the interlobar portion in one case (0.3%) (Fig. 5g).

A3a arose from PI in 26 cases (8.1%), A1 + 2c from PI 
(Fig. 2) in 12 cases (3.8%), A3a from A1 + 2c in 2 cases 
(0.6%), and A3a from A8 in one case (0.3%).

In three cases, four branches of A6 were seen. However, 
they were classified as three branches of A6, because one 

branch arose from the lower medial part of the interlobar PA 
in all three cases.

In 218 patients who had undergone anatomical resection 
(lobectomy/segmentectomy), postoperative complications 
were occurred in 36 cases (16.5%) and there were no opera-
tive mortalities. Eight cases (3.7%) were converted from 
VATS to thoracotomy because of vascular bleeding.

a c

d

b

Fig. 2  3D-CTPA image, a diagram of the LPA branches of the inter-
lobar portion identified by 3D-CTPA images, and the intraoperative 
images in a 70-year-old man with a lung cancer of left upper lobe. 
a 3D-CTPA image showing the branching pattern of left PA. b A 
diagram of the LPA branches of the interlobar portion identified by 

3D-CTPA images. PI the lingular artery from pars interlobaris. c, d 
Intraoperative findings show Type 1 pattern with three A6 branches 
and another A1 + 2c from PI corresponding to the 3D-CTPA. In this 
case, small A6 branch was sacrificed to secure a field of view and 
avoid bleeding

Fig. 3  Diagram of two types of branching pattern of lingular artery. 
a A diagram of anterior view and b A diagram of lateral view of the 
lingular artery that originates from pars interlobaris (PI, arrow). Lin-
gular artery (A4,5) arises from the LPA of the interlobar portion that 
continues distal to the left upper lobe bronchus and into the interlobar 
fissure. c A diagram of anterior view and d a diagram of anterior view 
of the lingular artery that originates from pars mediastinalis (PM, 
arrowhead). Lingular artery (A4,5) arises from the anterior portion of 
mediastinal part of the left arterial trunk

◂
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Discussion

The present study included a large number of subjects and 
analyzed the LPA branching pattern of the interlobar por-
tion using 3D-CTPA and thin-section CT images. Although 
Yamashita examined the bronchovascular anatomy of 165 
specimens [15], the study was not focused on the LPA 
branching pattern of the interlobar portion including the 
relationship with A1 + 2c, lingular arteries, and A6. We 
analyzed this portion precisely, because knowledge of the 
relation between the branching pattern of the upper lobe PA 
branches and A6 is important for surgical resection. Gener-
ally speaking in upper or lower lobectomy, as the fissure 
dissection proceeds, the A6 from the posterolateral surface 
of the LPA of the interlobar portion is present at a slightly 
lower level than A1 + 2c to the left upper lobe [1]. Fourd-
rain et al. [8] evaluated the branching pattern of PA using 
3D-CTPA in 44 patients and reported that the origin of A6 
as the left lower lobe artery is frequently proximal to the 
origin of PI (65.9%). To the best of our knowledge, no report 
has referred to the detailed relationship between A1 + 2c, 
lingular arteries and A6 of the left interlobar portion.

In the present study, we could diagrammatize the LPA 
branching pattern of the interlobar portion according to a 
broad classification in the order of bifurcation from proximal 

120/320
(37.5%)

42/320
(13.1%)

99/320
(31.0%)

19/320
(5.9%)

3/320
(0.9%)

15/320
(4.7%)

22/320
(6.9 %)

Type 1) Type 2) Type 3)

Type 4) Type 5) Type 6) Type 7)

Fig. 4  Types of the LPA branching pattern of the interlobar portion: A broad classification schema. PI: the lingular artery from pars interlobaris

Fig. 5  Detailed branching patterns of each of the seven broad classi-
fication types of the LPA branching pattern of the interlobar portion. 
PI the lingular artery from pars interlobaris. a Details of branch num-
bers and positions of Type 1. Each row shows number, position, and 
frequency of respective patterns. b Details of branch numbers and 
positions of Type 2. Each row shows number, position, and frequency 
of respective patterns. c Details of branch numbers and positions of 
Type 3. Each row shows number, position, and frequency of respec-
tive patterns. d Details of branch numbers and positions of Type 4. 
Each row shows number, position, and frequency of respective pat-
terns. e details of branch numbers and positions of Type 5. Each row 
shows number, position, and frequency of respective patterns. Only 
in this type, left axis represents the number of A1 + 2c or A3a of 
the LPA branching pattern of the interlobar portion, because Type 5 
has no PI. f details of branch numbers and positions of Type 6. Each 
row shows number, position, and frequency of respective patterns. g 
details of branch numbers and positions of Type 7. Each row shows 
number, position, and frequency of respective patterns. S superior, I 
inferior, PI lingular artery that originates from pars interlobaris, and 
PI´: PI originated from lower portion that is from A8 or the common 
trunk of A8 and A9

to distal into seven types. The results showed that Type 1 was 
most frequent 37.5% (120/320). Among the detailed branch-
ing patterns, “Yamashita’s prevailing pattern,” that is, from 
A1 + 2c, a A6, to a PI in the order and the simplest Type 1, 
was seen in 48 cases (15.0%) and was the most common 

◂
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type. Recently, anatomic segmentectomy which preserves 
more lung function compared to lobectomy is increasingly 
used to resect lung nodules. However, a segmentectomy is 
technically more difficult than a standard lobectomy because 
of the anatomical complexity of the lung, featuring both vas-
cular and bronchial structures that vary at different levels 
[7]. The thoracoscopic approach is also used for anatomic 
segmental resection. VATS requires a more detailed under-
standing of local anatomy than does conventional open 
surgery [11]. In the present study, we could diagrammatize 
the LPA branching pattern of the interlobar portion into 85 
types in all 320 patients. However, there are many patterns 
of PA branching, and knowledge and information about the 
precise pulmonary arterial branching patterns, including rare 
anatomical variations, and a full understanding of individ-
ual anatomy is important for surgeons. The most commonly 
performed segmental resections are upper division segmen-
tectomy, lingular segmentectomy, S6 segmentectomy, and 
basilar segmentectomy [17]. Therefore, knowledge of the 
origin and division of each branch is essential. For example, 
in the present study, A3a arose from PI in 26 cases (8.1%), 
A1 + 2c from PI in 12 cases (3.8%), A3a from A1 + 2c in 
two cases (0.6%), and A3a from A8 in one case (0.3%). If 
upper division segmentectomy or lingular segmentectomy 
is performed, these branching patterns need to be distin-
guished carefully. When upper division segmentectomy is 
performed in the case of A3a arising from PI, A3a should 

be resected without resecting PI. Regarding the branching 
pattern of the lingular arteries (A4 and A5), it is important 
to recognize whether A4 and A5 arise as PM in addition to 
PI. In the present study, Type 5, only PM, was seen in only 
4.7% of cases, as compared to 9.7% in a previous analysis by 
Yamashita [15]. It was also reported that PI originates from 
the lower portion, that is, from A8 or the common trunk of 
A8 and A9 (PI´) in 95 cases (29.7%), as compared to 4.2% 
[15]. Several articles have referred to that branching pattern 
[6, 15, 18], but none have described its frequency by using 
CT images. This might be dependent on differences between 
anatomical and radiological evaluations whereby CT images 
may enable investigation of thinner branches. The identifica-
tion of PI´ is important. When left lower lobectomy/basilar 
segmentectomy is performed, PI´ should not be sacrificed. 
If this variation is encountered, the branches of the lingu-
lar artery must be managed separately. Therefore, the rela-
tively high frequency of PI´, approximately 30%, needs to 
be recognized.

In the case of S3 or S1 + 2 segmentectomy, it is needed 
to observe whether A1 + 2 or A3a directly originated from 
the LPA of the interlobar portion. In the present study, Type 
6, where A3a directly originated from the LPA of the inter-
lobar portion, was seen in 5.9% (19/320) of the cases. In 
Type 7, the case of two branches of A1 + 2c directly origi-
nated from the LPA of the interlobar portion was found in 
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15 cases (4.7%), A1 + 2c and A3a directly originated from 
the LPA of the interlobar portion in six cases (1.9%), and 
two branches of A1 + 2c and A3a directly originated from 
the LPA of interlobar portion in one case (0.3%).

In the case of S6 segmentectomy, it is important to iden-
tify how many branches there are and where A6 originate 
from. The second or third branch of A6 may arises from the 
basal PA which is located lower than that from the LPA of 
the interlobar portion. We found four branches of A6 in three 
cases (0.9%), and to the best of our knowledge, there is no 
other such report.

For precise identification of the anatomical structures, 
not only 3D-CTPA but also thin-section CT images appears 
to contribute more to a better evaluation of the smaller PA 
branches. In a previous study, 99.7% of PA branches were 
identified on thin-section CT and MPR images, and 8 vessels 
which were missed on 3D-CTPA could be detected on thin-
section MPR images [13]. Identification of sub-subsegmen-
tal (i.e., fifth order) PA could also be visualized using thin-
section CT and MPR images [19]. Therefore, we emphasize 
the importance of observing both 3D-CTPA and thin-section 
CT images. Although perioperative complications and mor-
tality with VATS lobectomy have been reported to occur at 
frequencies of 5–32% and 0–7%, respectively, postopera-
tive complications in patients undergoing 3D-CTPA imag-
ing were reported in 8% of cases with no mortality [6]. In 
the present study, postoperative complications occurred in 
16.5% with no mortality. The frequency of conversion from 
VATS lobectomy to open thoracotomy because of vessel 
bleedings has been reported in 4% of cases [6]. In the present 
study, the occurrence was 3.7%.

The present study had several limitations: First, it was 
a retrospective study, which introduced an inherent selec-
tion bias. Second, a 64-slice MDCT and a 256-slice MDCT 
scanners were used. We analyzed the LPA branching pat-
tern of the interlobar portion using 3D-CTPA and thin-sec-
tion CT images using two CTPA protocols. However, we 
consider any differences in them not to have affected the 
results, because CT images are sufficient to investigate the 
PA branching pattern. Finally, we used 3D-CTPA images 
and thin-section CT images exclusively. It is possible that 
these may vary somewhat from the actual anatomical find-
ings. As previous study has shown, there was a good correla-
tion between CT appearance and pathological findings of the 
segmental abnormalities in the lung [20]. Several research 
groups have reported that 95–98.7% of PA branches were 
preoperatively identified using 3D-CTPA [4, 6, 7, 9, 11, 13]. 
Moreover, 99.7% of PA branches were identified on thin-
section MPR images [13]. We think that it was reasonable to 
analyze the LPA branching pattern of the interlobar portion 
using 3D-CTPA and thin-section CT images. The above-
mentioned previous reports, however, evaluated PA branches 
of the various lobes together in both lungs or right upper 

lobe. Comparisons of the findings of 3D-CTPA/thin-section 
CT images with the intraoperative findings, focusing on the 
PA branching pattern of the left lobe alone in a relatively 
large patient population, will be needed in the future.

In conclusion, in the present study, 3D-CTPA and thin-
section images provided precise preoperative information 
regarding PA branching pattern of left interlobar portion. 
This work is the first to diagrammatize the LPA branching 
pattern of the interlobar portion and their broad classifica-
tion into seven types, followed by their precise subclassi-
fication into 85 types in all 320 patients. It is necessary to 
assess the PA branches of the left lobe while also taking 
into consideration branches supplied from other segments 
or portions. We believe that the present PA data and dia-
grammatized patterns will be of value by contributing to the 
safety and ease of anatomical left upper/lower lobectomy 
and segmentectomy.
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