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Abstract

Background: A right top pulmonary vein (RTPV) that crosses behind the right main or intermediate bronchus is a varia-
tion of the superior posterior pulmonary vein in the right upper lobe. Damage or ligation of this abnormal vessel can lead
to massive intraoperative bleeding and serious complications, such as congestion of the posterior segment of the right
upper lobe and cardiac tamponade. Subcarinal lymph node dissection is mandatory in radical thoracoscopic esophagec-
tomy for esophageal cancer, and the RTPV is an anomalous vessel of which thoracic surgeons should be aware.

Case presentation: A 70-year-old man underwent thoracoscopic esophagectomy for esophageal cancer (T3N1MO0). An
anomaly of the superior posterior pulmonary vein in the right lobe was recognized on preoperative computed tomog-
raphy imaging. With simulation and intraoperative navigation using three-dimensional imaging of the same view as that
observed during the operation, radical subcarinal dissection could be performed with preservation of the RTPV.

Conclusion: In our review of the relevant literature, the incidence of RTPV ranged from 0.28 to 9.3%, and its mean vas-
cular diameter was 7.0 mm at the maximum and 2.2 £0.72 mm at the minimum, with the right superior pulmonary vein
being a relatively common inflow site. Our case in which the RTPV ran dorsal to the right main bronchus is very rare. In
radical subcarinal dissection of thoracoscopic esophagectomy, it is important to recognize the posterior pericardial plane
and release the ventral fixation of these lymph nodes to free space for the back side. This is also true in the case of RTPV,
which should be noted to avoid injury. In cases involving an RTPV larger than 4.5 mm, ligation should be avoided, and
preoperative recognition of the exact run of this abnormal vessel using three-dimensional imaging can be very useful.
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Background

Pulmonary veins have many anatomical variations, some of
which may be affected during esophagectomy for esopha-
geal cancer. The right posterior upper lobe segment vein,
known as the right top pulmonary vein (RTPV), is rare
anomalous vein running behind the right main or inter-
mediate bronchus from the right upper lobe. The subcari-
nal portion of the RTPV penetrates the subcarinal lymph
nodes (SCLNs). It is important to recognize this vein
because SCNL dissection is an essential procedure for
curative esophagectomy for esophageal cancer [1].

Case presentation

A 70-year-old man complained of difficulty in swallow-
ing food and was referred from another hospital. He was
diagnosed with esophageal squamous cell carcinoma
T3N1MO in the median thoracic esophagus, according
to the TNM classification, eighth edition. We therefore
selected neoadjuvant chemotherapy (bi-weekly DCEF:
docetaxel 35 mg/m? cisplatin 40 mg/m?, fluorouracil
400 mg/m?) as preoperative treatment [2, 3]. Preop-
erative contrast-enhanced computed tomography (CT)
imaging revealed an aberrant branch of right poste-
rior segmental vein (V?) passing behind the right main
bronchus and merging with left atrium (LA) (Fig. 1). We
used a high-speed three-dimensional (3D) image analy-
sis system (SYNAPSE VINCENT, Fuji Photo Film Co.,
Ltd., Tokyo, Japan) to convert the Digital Imaging and
Communication in Medicine (DICOM) data of contrast-
enhanced CT images to 3D images, and the RTPV was
clearly visualized as it appeared in the operative view
in the supine position (Fig. 2). Surgery was performed
4 weeks after the end of neoadjuvant chemotherapy.
Thoracoscopic esophagectomy with three-field lymphad-
enectomy via the right thoracic approach was conducted
in the prone position using 6 ports. We synchronized the
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Fig. 2 A three-dimensional image clearly demonstrates the right top
pulmonary vein (yellow arrowhead) crossing behind the right main
bronchus (RMB). RIB, right intermediate bronchus; LMB, left main
bronchus; LA, left atrium; RSPV, right superior pulmonary vein; RIPV,
right inferior pulmonary vein

surgical image and the 3D image on the monitor side-by-
side for virtual navigation and the precise location of the
RTPV was recognized during surgery.

SCLN dissection started from dissection of the posterior
plane of the pericardium membrane. This plane contin-
ued to the anterior side of the SCLNs, reaching the carti-
lage of the tracheal bifurcation and the left main bronchus
by recognizing the exact plane and expanding to the cra-
nial and left side. Careful spreading of this released layer
to the right revealed the rise of the RTPV embedded in the
SCLNs (Fig. 3). Next, the dissection plane was switched to
the membranous region of the right main bronchus, expos-
ing the RTPV slightly from the distal side, while preserving
the right bronchial artery and the pulmonary branch of the

Fig. 1 a Preoperative contrast-enhanced computed tomography showing the right top pulmonary vein dorsal to the right main bronchus (yellow
arrowhead). b This abnormal vessel merges with the left atrium (yellow arrowhead)
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Fig. 3 Intraoperative findings and schematic illustration. The first step in subcarinal lymph node (SCLN) dissection. Dissect the posterior plane of
the pericardium membrane and identify the rise of the right top pulmonary vein (RTPV) after it reaches the aspect of the left main bronchus (red
dot arrow in the schematic illustration)

vagus nerve (Fig. 4). Finally, the fixation with the right main  tube via a retrosternal route and hand-sewn anastomosis
bronchus was dissected from the caudal side of the right  was performed at the left neck [4]. The operative time was
main bronchus toward the direction of the inferior tra- 360 min, and the operative blood loss was approximately
cheal bifurcation to complete SCLN dissection for radical 30 mL. The patient recovered without complications and
esophagectomy without damaging the RTPV (Fig. 5). After ~ was discharged on the 21st day after surgery, although it
the thoracoscopic procedure, we reconstructed the gastric  took time for rehabilitation of muscle weakness.

right bronchial artery

dissection plane
of the membranous region

\ BT "-
Fig. 4 Intraoperative findings and schematic illustration of the second step in SCLN dissection. Expose the RTPV in the membranous region of the
right main bronchus, preserving the right bronchial artery and the pulmonary branch of the vagus nerve (red dot line in the schematic illustration)
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Fig. 5 Intraoperative findings and schematic illustration of the final step of SCLN dissection. Complete the SCLN dissection by dissecting the
fixation between the SCLN and the right main bronchus (red arrow in the schematic illustration)

Discussion and conclusions
RTPVs are mainly reported by radiologists, cardiolo-
gists, and surgeons. Webb, a radiologist, first reported
this anomalous vein using 2-dimensional CT [5]. Since
atrial fibrillation is caused by electrical activity originat-
ing from the pulmonary veins, an accurate understanding
of the pulmonary vein anatomy is important for cath-
eter ablation therapy and has been reported from many
Western countries [6—8]. In our review of the relevant
literature, the incidence of RTPV ranged from 0.28 to
9.3%. Inflow sites included the right superior pulmonary
vein (RSPV), the right inferior pulmonary vein (RIPV),
the LA, and the V®, with the RSPV being relatively com-
mon and the V® being very rare (Table 1). The location of
the RTPV in relation to the right bronchus is mostly in
the right intermediate bronchus. Cases such as ours, in
which the RTPV runs dorsal to the right main bronchus,
are very rare. Akiba et al. categorized the RTPV into six
types based on their inflow site and route and reported
that most types cross the intermediate bronchus and
drain into the LA or pulmonary vein [9]. On the other
hand, Miyamoto et al. classified the RTPV into four types
based on the inflow site and reported that the type that
drained into the inferior pulmonary vein was the most
common [10]. Thoracic surgeons should be aware of
these classifications and their frequency when perform-
ing radical esophagectomy, in which subcarinal lymph
node dissection is mandatory.

Only 5 case reports in the literature have described
the association of RTPV and SCLN dissection in

esophagectomy [11, 15-18] (Table 2). All the cases,
including ours, were reported from Japan, where radi-
cal esophagectomy with three-field lymphadenectomy is
considered a standard procedure. The operative methods
included open thoracotomy, thoracoscopy, and laparo-
scopic transhiatal approach, and—in all cases—the RTPV
could be preserved during SCLN dissection. In thoraco-
scopic esophagectomy, it has been reported that the prone
position is better for securing a good surgical field of view
to identify the RTPV because the posterior upper lobe seg-
ment (S?) is located in the dorsal side of the right upper lobe
[18]. It has been reported that retrosternal reconstruction
may be a better method to avoid damaging the RTPV while
pulling up the gastric tube [16]; we therefore chose this
route. In addition, an increased incidence of incomplete
fissure and displaced bronchus (DB) has been reported in
patients with RTPV [14]. It is important to recognize the
presence of the RTPV preoperatively because DB may lead
to difficulty during differential lung ventilation and can lead
to bronchial and vascular injury [19]. Preoperative simula-
tion and intraoperative navigation with 3D images, which
can be freely rotated and interactively visualized from any
angle, are useful methods to enhance the surgeon’s under-
standing of the anatomy [20-22]. The use of 3D imaging
enabled the preoperative diagnosis of three cases, including
the present case.

An important step in SCLN dissection in thoraco-
scopic esophagectomy is to recognize the posterior plane
of the pericardium and release the ventral fixation of the
SCLN:Ss to the free space at the back side. This procedure is



Page 5 of 8

160

(2022) 20

Sato et al. World Journal of Surgical Oncology

udA Areuow|nd Jo134ul 3YBU 3Y3 JO YdURIQ 3Y3 4/ ‘Wi YT /7 ‘UldA Aieuownd Joudju| Ad) ‘utaA Kieuowind Jopadns AdS ‘siualied Jo Jaquin N ‘utdA Areuowind doy by AdLY

$3YduRIq UOWIWIOD OM] peY 3|dwexa 3uQ 4

pauoijusW J0U aJe S9sed OM} JIaYlo ay] ,

| | 8G | K1abing EN:zs¥lale)
0 € 59 S8 L€ €/97/¥51 6C°¢ Aiojeuidsay Lzoz [ 1] ewnuibe,
v I €l € Lg 0 TLOFTT [8€/1€ 108 ISELTRIS Lz0T [01] oroweAly
0 L 0 0 oL/L 860 Abojoipey £10C [8l1ys
L 4 0 14 6 oC €0€/01 € Aiabing €10C [6] ety
0 ¢ 0 0 € 0 ovl/e v1'T A12bing 0l0t eqpy
0 L 0 0 L 0 98/1 ol'l A13bing 6007 [€ 1] epewies
vl 0 LS oLo/pL 60T Abojoipey 800 [¢1] uejsty
0 9l 0 0 8TFIS 8Tk/91 €L¢e ABojoipied 8007 ouasey
0 L 0 0 ¥8/1 6Ll ABojoipied 5007 [£] eALIOOSEIZM
z 0 [L w Iy 0 ILF LY St/ LS A13bing 5007 lesy
0 ¢ 0 0 ol 0L 16/€ 67 ABojoipie) ¥00C [9] BeppPI]
0 14 0 0 §S/C €9¢ ABojoipied €002 o1ey)
L 0 004/T 870 A13bing €007 [L1] eregnsiepy
0 0 Ll ¢ 7l 0 08¢/l S Abojoipey §661 wiyf
0 0 ol 0 ol 0 L0L/0L €6 Abojoipey 9861 ulpier
0 L 0 0 L 0 ob/1 ST Abojoipey 7861 [S] dgam
oA Al Al AdS ajelpawiialul urew (wuw) 1939Weiq N fyenads Jeap Joyiny
3}Is moju| uonedo (%) @1e4 3uUa1N2DO

ased pajejal pue ujaA Areuownd doy 1ybu Inoge 2in3elall| snolaaid Jo malady L djqeL



Page 6 of 8

(2022) 20:160

Sato et al. World Journal of Surgical Oncology

IN0J [RUISISOIIBY HY ‘INOJ WNUIISBIPAW J01RISOd YN ‘UIRA Areuow|nd Jouadns 1yBiy AdSY ‘winiie 1437 7 ‘UIdA Areuow|nd doy 1By AdLY

SOA SOA 0¢ 09¢ Y auold Adodsodeloy| sl S uew W 0/ 958D INQO
SaA SOA 0S1 079 YINd auold Adodsodeloy | AdSY 7S ewpawusl W // 0207 [81]esegniepy
SOA SOA 143 18 YN auoid Adodsodeioy AdSY ¢S Swepawssl W 19 6107 [£1]eispou
(jererys
oA ON 691 8/€ Yy auidng -ues3) Adodsoseder v1 9gojsaddniybiy uew W #2910z [91] Mezoulys
SOA ON YW snugna3g Adodsodeioy vl ¢S @wepawRl W LS S0z [SL) esemilng
SOA ON snignoeQd Awojodeioy| v 99o|Jaddniybry o1eipawidiu| W /S €007 [LL]elegnsiepy
uonubodal ajnhol
uoneAldsald odAnesadoald (Jw)Sso| poojg (Ulw)dWwil UOIIdNIISUOIRY  UOINSOd poyiaw aanesadQ 9Ms mopu| uibuo uonedo] xas by Jeap Joyiny

AdLH U1 yum Awo1dabeydosa uo ainielall| Jo MAIASY € d]qeL



Sato et al. World Journal of Surgical Oncology ~ (2022) 20:160

important, even in the RTPV cases. After confirming the
rise of the RTPV, careful encirclement of the RTPV then
results in mesenterization of the SCLN, leaving only its
fixation to the right main bronchus.

In our review of the relevant literature, the mean vascular
diameter was 7.0 mm at the maximum and 2.24+0.72 mm
at the minimum (Table 1). The diameter of the RTPV may
be correlated with the amount of venous blood flow from
the right upper lobe (S?) [12]. If the RTPV is injured, hemo-
stasis is required in the narrow surgical field due to the
massive blood flow from the LA or pulmonary vein [11]
and may cause cardiac tamponade [15]. It is also reported
that if the large RTPV is ligated, the RTPV should be recon-
structed or the S? should be resected because it is consid-
ered to drain the entire venous flow from the S? which may
cause congestion of the S? [15]. On the other hand, a case
has been reported in which the RTPV was ligated and cut
during right superior segmentectomy [13]. Although the
article did not describe the diameter of the RTPV, no seri-
ous complications occurred. It was also reported that no
symptoms suggestive of upper lobe congestion occurred
after ligation if the RTPV was 4.5 mm or smaller [10]. Based
on our review of the relevant literature, an RTPV larger than
4.5 mm should be noted in order to prevent injury and liga-
tion should be avoided. The preoperative recognition of this
abnormal vessel using 3D imaging was very useful for radi-
cal SCLN dissection during thoracoscopic esophagectomy.
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