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Analysis of the variation pattern in left upper division veins 
and establishment of simplified vein models for anatomical 
segmentectomy
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Background: Three-dimensional computed tomography bronchography and angiography (3D-CTBA) is 
a powerful tool to analyze pulmonary anatomy. We used 3D-CTBA to analyze variations of the pulmonary 
veins of the left upper division (LUD) and created a simplified LUD vein model.
Methods: Between January 2019 and October 2019, 124 patients with left-sided pulmonary lesions were 
admitted and underwent 3D-CTBA prior to surgery. We reviewed the anatomical variations of the LUD 
veins in these patients using 3D-CTBA images and classified them according to their position in relation to 
the bronchus. To facilitate this process, the same nomenclature as that used to describe the veins of the right 
upper lobe (RUL) is used for the LUD.
Results: The pattern of LUD veins could be classified into three forms: an anterior + central form, an 
anterior form and a central form. For the central form, V 1+2 a, V 1+2 b, V 1+2 c and V 1+2 d drained into V. cent. 
For the anterior form, V 1+2 d drained into V. ant. The anterior + central form could be further classified into 
three subtypes (V abc, V ab and V a).
Conclusions: This is the first report to categorize the pattern of veins in the LUD. This may facilitate the 
creation of simplified models for use in pre-operative planning for segmentectomy.
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Introduction

The increased use of high-resolution computed tomography 
(HRCT) has resulted in the detection of an increasing 
number of patients with ground glass opacity (GGOs) (1). 
GGOs of less than 2 cm in diameter and a consolidation 
tumor ratio of less than 50% are best treated with 
segmentectomy in comparison to lobectomy, as this results 
in less sacrifice of lung volume and more protection of lung 
function (1). However, because of the anatomical complexity 
and variations involved, segmentectomy is technically more 
difficult than lobectomy. It is therefore highly desirable 
for thoracic surgeons to know the precise anatomy of their 
patients before surgery.

In comparison to conventional CT images, three-
dimensional computed tomography bronchography and 
angiography (3D-CTBA) imaging is a powerful tool 
allowing thoracic surgeons to determine pulmonary 
anatomy both before and during surgical procedures. 
Segmentectomies are most frequently performed upon the 
right upper lobe (RUL) and several studies have investigated 
its bronchovascular variations and nomenclatures (2,3). In 
these, the branching of the right upper pulmonary vein 
was defined as anterior vein (V. ant) and central vein (V. 
cent). The branching pattern was classified into three types: 
anterior + central vein type, anterior vein type and central 
vein type (2). We have previously reported an assessment of 
pulmonary vasculature in the bifurcated RUL (3). There are 
few studies, however, detailing anatomical variations in the 
left lung, resulting in a nomenclature which is not uniform. 
This report focusses on the nomenclature and variation of 
veins in the LUD, which were clearly demonstrated with 
3D-CTBA. We present this article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6925).

Methods

Patient characters and Reconstruction of 3D-CTBA

Between January 2019 and October 2019, a total of 124 
patients with left pulmonary lesions were included in the 
study. All patients underwent 3D-reconstruction before 
surgery. CTPA and CTPV by SOMATOM Definition 
Flash dual-source computed tomography were performed 
for each patient. Radiology colleagues processed all 3D 
images, and thoracic surgeons confirmed the validity of all 
reconstructions. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 

approved by the Ethics Committee of our hospital (No. 
2020-206). The informed consent was obtained from each 
patient.

Nomenclature and variation in bronchovascular pattern

The segmental and subsegmental pulmonary arteries 
parallel the bronchi and are named according to the 
bronchopulmonary segments they supply. The pulmonary 
vein branches run within interlobular septa and do not 
parallel the segmental or sub segmental pulmonary artery 
branches and bronchi. There is considerable variation in the 
nomenclature of these structures. The classical branching of 
the RUL vein is as follows: (I) the anterior vein (V. ant) which 
originates from the V1b, and drains into the main RUL vein 
from the mediastinal side; (II) central vein (V. cent), which 
originates from the V2a, descends through the center of the 
upper lobe then drains into the main RUL vein. 

The left upper lobe, is usually comprised of four vein 
branches: V 1+2 (V.apicodorsalis), V 3 (V.ventralis), V 4 
(V.lingualis superior) and V 5 (V.lingualis inferior). V 1+2 has 
four branches as follows: V 1+2 a (between S 1+2 a and S 3 c), 
V 1+2 b (between S 1+2 a and S 1+2 b), V 1+2 c (between S 1+2 
b and S 1+2 c) and V 1+2 d (between S 1+2 c and S 3 a). V 1+2 a, 
V 1+2 b and V 1+2 c always form a common trunk branching 
(V 1+2 a-c) passing between B 1+2 and B 3, which then drains 
into the main LUL vein from the mediastinal side. V 1+2 d 
usually joins caudally with V 3 a+b, forming a common trunk 
passing between the upper division bronchus (B 1-3) and 
lingular division bronchus (B 4+5) (Figure 1). In some cases, 
V 1+2 d drains more cephalically into the V 1+2 a-c, forming a 
larger common trunk of V 1+2 a-d (Figure 2). 

The LUL is supplied by three arteries in 22.7% of 
patients, 4 arteries in 50%, 5 arteries in 22.7%, and 6 
arteries in 4.5% (4). We noted an ascending A 3 a (ASC.  
A 3 a), arising from the interlobar pulmonary artery, 
proximal to A 4 a and distal to A 1+2 c (5) (Figures 3,4).

B 3 is  mostly composed of B 3 a and B 3 b+c in 
approximately 90% of patients (5). The arising point of B 3 

a varies among patients. We define the arising point of B 3 a 
as “a”, the arising point of B 1+2 c as “c”, and the bifurcated 
point of B 1+2 and B 3 as “b”. The distance between “a” and 
“b” was “X”, and the distance between “b” and “c” was “Y”. 
The “f” is X/Y (Figure 5).

Statistics

All statistical analyses were performed with GraphPad 

http://dx.doi.org/10.21037/atm-20-6925)
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Prism 5.0 (CA, USA) and SPSS 23.0 (SPSS, Chicago, 
Illinois, USA). Continuous variables are reported as mean 
± standard deviation (SD) or as medians (interquartile 
range, IQR). Categorical variables are expressed as numbers 
(percentages). Comparison between groups were assessed 
by using Student’s t test or one-way ANOVA for parametric 
data, Mann-Whitney U test for nonparametric data, and 
Pearson Chi-Square test for categorical data. A value of 
P<0.05 (two-sided) was considered statistically significant.

Results

The mean age of the 124 patients (83 females and 41 
males) was 54 years. We define the branching of the veins 
in the LUD as follows: (I) the anterior vein (V. ant) which 
originates from V 1+2 a, merges with or without V 1+2 b and 
V 1+2 c, descends anteriorly to B3, and drains into the main 
LUL vein from the mediastinal side, and (II) the central 
vein (V. cent), which originates from V 1+2 d, descends 
between B 3 and B 4+5, merges with V3 a+b and drains into 
the main LUL vein through the center of the upper lobe. 
Patterns of the LUD vein drainage were classified into three 
forms (Figure 6). The central form, in which V 1+2 a-c drains 
into V 1+2 d to form the common trunk of V. cent, was seen 
in 4 cases (3%). The anterior form, in which V 1+2 d drains 

into V. ant was seen in 27 cases (22%). The anterior+central 
form, which was evident in 93 cases (75%), was further 
classified into three types (Vabc, Vab and Va) (Figure 6). 
In the Vabc type, V. ant, which originates from V 1+2 a and 
merges with V 1+2 b and V 1+2 c, was present in 60 cases 
(48%). In the Vab type, V. ant originates from V 1+2 a and 
merges with V 1+2 b, whereas V 1+2 c drains into V. cent. This 
was seen in 10 cases (8%). In the Va type, V. ant originates 
only from V 1+2 a, whereas V 1+2 b and V 1+2 c drain into V. 
cent. This was seen in 23 cases (19%). 

As detailed in Table S1, the incidence of ASC. A3a was 
56.3% (18/32) in the anterior form (group 1) and 2.2% 
(2/92) in others forms (group 2) (P<0.001). This indicates 
that ASC. A3a is most common in the anterior form. The 
f (X/Y) was used to reflect the early bifurcation of B 3 a 
(Figure 5). The f was 0.560 (0.454–0.846) in group 1 and 
1.458 (0.999–2.259) in group 2 (P<0.001) (Figure 7), which 
indicates that the early bifurcation of B 3a is also usually 
coexistent with the anterior form.

Discussion

The pattern of vein drainage in the RUL is well researched 
and reported (2,3). However, the pattern of venous 

Figure 1 The pattern of vein drainage in left upper division: V 1+2 d  
joins caudally with V 3 a+b.
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Figure 2 The pattern of vein drainage in left upper division: V 1+2 d  
joins into the V 1+2 a-c.
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drainage in the LUD is rarely reported. There may be 
several reasons for this. Firstly, the RUL attracts a high 
level of attention and investigation because of its relatively 
higher incidence of tumor resulting in a greater number of 
lobectomies and segmentectomies. Secondly, the location 
and identification of the pulmonary artery is relatively easy 
because it always follows the bronchus. The segmental and 
subsegmental pulmonary arteries which parallel the bronchi 
are named according to the pulmonary segments they 
supply. The segmental and subsegmental pulmonary vein 
branches, however, run within interlobular septa and do not 
parallel the segmental or subsegmental pulmonary artery 
branches and bronchi. Traditional invasive radiological 
catheterization methods seldom reach the level of the 
pulmonary segment, let alone the level of subsegment (6). 
The location and identification of venous structures is 
therefore both more complex and difficult to visualize. The 
third reason which contributes to a lack of knowledge of 
venous anatomy of the LUD relates to the increased use 
of lobectomy; a procedure which does not rely on detailed 
knowledge of the pulmonary segment or subsegment veins. 

Recent advances in computed tomography and volume-
rendering reconstruction techniques have facilitated the 
reconstruction of 3D images in a non-invasive manner. 
A powerful tool for thoracic surgeons to determine 

Figure 3 The pattern of artery in left upper lobe without 
ascending A 3 a (ASC. A 3 a) and early-bifurcation of B 3 a. 

Figure 5 Airway centerline and bifurcation points of airway model 
in left upper division.
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Figure 4 The pattern of artery in left upper lobe with ascending  
A 3 a (ASC. A 3 a) and early-bifurcation of B 3 a. 
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pulmonary anatomy, including bronchovascular anatomy at 
the segment/subsegment level, 3D CTBA provides a better 
understanding of the pulmonary anatomy in patients before 
and during surgical procedures, including bronchovascular 
anatomy at the segment/subsegment level. In this article, 
for the first time in literature, we proposed the same 
nomenclature of LUD vein with that of the RUL.

A further interesting finding of this study concerns ASC. 
A 3 a. The incidence of ASC. A 3 a in the general population 
is estimated to be 10% (5) This incidence is, however, 
significantly higher (56.3%) in the anterior form (P<0.001). 
Coincidently, B 3a arises significantly earlier in the anterior 
form (P<0.001). This can be explained by the paralleling 
relationship between segmental/subsegmental arteries and the 
bronchi. Anatomically, V 1+2 d locates between S 1+2 c and S 3 a 

as an intersegmental vein. In the anterior form, V 1+2 d drains 
more cephalically into V 1+2 a-c, forming a larger common 
trunk of V 1+2 a-d. This slight shift of the intersegmental vein 
results in an elevated intersegmental plane between S 1+2 and 
S 3. To adopt to the elevated intersegmental plane, A3a arises 
more frequently from the interlobar artery as ASC. A3a, and 
B 3 a arises earlier from the bifurcation point. We define the 
coexistence of ASC. A 3 a, V 1+2 a-d and early-bifurcation of  
B 3 a as “Chongqing’s triad”.

Conclusions

This is the first report to categorize the intersegmental 
pulmonary venous patterns of the upper division of 
the LUL, and to create simplified models for use when 

Figure 6 Patterns of branching of veins in left upper division and simplified models. 
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planning anatomical segmentectomy. To facilitate this, we 
used the same nomenclature as that used for the RUL. This 
knowledge will assist in the preoperative planning of LUD 
segmentectomy.
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