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Do jejunal veins matter during 
pancreaticoduodenectomy?
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Review Article

When planning pancreaticoduodenectomy for pancreatic head cancer, the prevalence of anatomical variation of the proximal jejunal 
vein (PJV), the associated short-term surgical outcomes, and the level of PJV convergence to the superior mesenteric vein must be 
carefully analyzed from both technical and oncological points of view. The prevalence of the first jejunal trunk (FJT) and PJV located 
ventral to the superior mesenteric artery is 58%–88% and 13%–37%, respectively. Patients with the FJT had a larger amount of intra-
operative bleeding and a higher proportion of patients requiring transfusions compared to those without a common trunk. The risk of 
transfusion was higher in patients with ventral PJV compared to those with dorsal PJV. Although less frequent, sacrificing the FJT can 
result in fatal venous congestion of the jejunum. Therefore, a well-planned approach for pancreaticoduodenectomy, based on preoper-
ative evaluation of anatomical variation in the PJV, may help reduce intraoperative bleeding and postoperative morbidity. Additional-
ly, the importance of invasion into the PJVs should be revisited in terms of resectability and oncological clearance.

Key Words: Pancreaticoduodenectomy; Veins; Anatomy; Hemorrhage; Prognosis

pISSN: 2508-5778ㆍeISSN: 2508-5859
Ann Hepatobiliary Pancreat Surg 2022;26:229-234
https://doi.org/10.14701/ahbps.22-013

INTRODUCTION

During pancreatic head resection, whether preserved or 
resected, the major blood vessels around the pancreas are the 
most important indicators for surgery. Especially, approach to 
the uncinate process of the pancreas during pancreaticoduo-
denectomy (PD) requires special attention due to its complex 
anatomy and proximity to the superior mesenteric artery 
(SMA), the superior mesenteric vein (SMV), and the proxi-
mal jejunal vein (PJV). Dissecting the uncinate process from 
the SMA and the SMV is one of the steps prone to excessive 
bleeding that requires meticulous manipulation of the tissue 
[1]. Various small tributaries to the SMV from the pancreatic 

head and the uncinate process increase the risk of bleeding. In 
addition, due to its deep dorsal location, it is difficult to control 
the bleeding once it occurs. Furthermore, the risk of sacri-
ficing the PJV has been under debate due to the possibility of 
developing catastrophic congestion of the jejunal limb, which 
is used for biliary and pancreatic reconstruction during PD [2-
4]. Although there are inevitable cases with tumor invasion 
that require resection of the PJV, much focus is needed to avoid 
causing unnecessary injury to the PJV. It is important to un-
derstand the anatomy of the PJV to reduce both intraoperative 
bleeding and postoperative morbidities [5,6]. 

On the other hand, “tumors exceeding the inferior border 
of the third portion of the duodenum” are classified as “un-
resectable-locally advanced” tumors in the 7th edition of the 
Japan Pancreas Society classification [7]. However, little onco-
logical evidence has been presented to define the resectability 
of tumors that extend below “the inferior border of the third 
portion of the duodenum”, apart from the technical challenges 
associated with multiple tributaries of the SMV existing below 
the inferior border of the third portion of the duodenum. 

Therefore, when planning for a PD, the prevalence of ana-
tomical variation of PJV and its associated short-term surgical 
outcomes, and the level of PJV converging to SMV must be 
carefully considered from both technical and oncological view-
points. 
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ANATOMICAL VARIATION OF  
THE PROXIMAL JEJUNAL VEIN

The converging pattern of the PJV can be identified in the 
majority of preoperative imaging studies, preferably, with con-
trast-enhanced computed tomography accompanied with 3-di-
mensional vessel reconstruction. Various classifications have 
been suggested based on the topology and draining territory 
of the “first jejunal vein” (J1V) [3,8-10], “first jejunal venous 
trunk” [2,3,11], “proximal dorsal jejunal vein” [12], “left branch 
of SMV” [13], or “mesenteric branch” [14]. However, no con-
sensus has been reached in nomenclature or classification of 
the PJV until now. 

This review includes a dataset of 136 patients who underwent 

PD due to pancreatic neoplasm in National Cancer Center, Ko-
rea. For consistent description, the anatomical variation of the 
PJV was reviewed based on the Japanese studies that labeled 
the order of jejunal veins based on the accompanying jejunal 
arteries [2]. The J1V was defined as the jejunal vein accom-
panying the first jejunal artery [3,9]. When the J1V formed a 
common trunk with the second jejunal vein, the venous trunk 
was defined as the first jejunal trunk (FJT) [3,9]. The converg-
ing pattern of the PJV and the topological relationship between 
the SMA and the PJV based on the classification, as proposed 
by Ishikawa et al. [3], was limited to the level of the first-order 
jejunal veins due to difficulties in identification of J2V. Hence, 
in our study, type 3-1 and 3-2 in Ishikawa’s classification were 
classified as type 3, and Ishikawa’s type 3-3 and 3-4 as type 4, 

Table 1. The prevalence of anatomical variation of proximal jejunal vein (PJV)

Anatomical variation Ishikawa et al. [3] Hosokawa et al. [12] Kobayashi et al. [2] Present study

No. of patients 155 121 123 136
Type 1 (dorsal FJT) 98 (63.2) 74 (61.2) 72 (58.5) 63 (46.3)
Type 2 (ventral FJT) 32 (20.6) 7 (5.8) 36 (29.3) 16 (11.8)
Type 3-1 (dorsal J1V – dorsal J2V) 7 (4.5) 21 (17.3) 6 (4.9) 46 (33.8)
Type 3-2 (dorsal J1V – ventral J2V) 9 (5.8) 3 (2.5)
Type 3-3 (ventral J1V – dorsal J2V) 5 (3.2) 16 (13.2) 9 (7.3) 11 (8.1)
Type 3-4 (ventral J1V – ventral J2V) 4 (2.6) 0 (0)
FJT (%) 83.9 67.0 87.8 58.1
Dorsal PJV (%) 73.5 81.0 63.4 80.1

Values are presented as number (%).
FJT, first jejunal trunk; J1V, first jejunal vein; J2V, second jejunal vein.

Fig. 1. Computed tomography images of the proximal jejunal vein anatomy. (A) First jejunal trunk (FJT) located dorsal to the superior mesenteric artery 
(SMA) (type 1). (B) FJT located ventral to the SMA (type 2). (C) First jejunal vein (J1V) located dorsal to the SMA (type 3). (D) J1V located ventral to the SMA 
(type 4). The arrows indicate proximal jejunal veins with each type of anatomical variation.
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i.e ., type 1 (FJT located dorsal to the SMA; Fig. 1A), type 2 (FJT 
located ventral to the SMA; Fig. 1B), type 3 (J1V located dorsal 
to the SMA; Fig. 1C), and type 4 (J1V located ventral to the 
SMA; Fig. 1D).

A summary of the prevalence of anatomical variation of PJV 
in the literature and our dataset is shown in Table 1. Accord-
ing to previous studies, an FJT that drains one or more of the 
jejunal artery territories was present in 67.0% to 87.8% of all 
patients, and 63.4% to 87.2% of the PJVs were located dorsal to 
the SMA [2,3,8-12,15]. Our dataset revealed that 58.1% of the 
patients had an FJT and 80.1% of the PJVs were located dorsal 
to SMA.

TECHNICAL IMPLICATIONS OF ANATOMICAL 
VARIATION OF PROXIMAL JEJUNAL VEIN

Recent studies have recognized the technical implications of 
the PJV during PD [4,5,9,16,17]. The PJV, one of the major trib-
utaries of the SMV, displays complicated anatomical variation 
in the extent of draining territories and its topology in relation 
to the SMA (Fig. 2) [3,4,10,16-18]. In particular, the PJV and 
the inferior pancreaticoduodenal artery (IPDA) are usually em-
bedded in the dorsal side of the mesoduodenum; exposing the 
PJV to injuries during identification of the IPDA [5]. It is par-
ticularly important to fully understand the anatomy of the PJV 
before approaching the IPDA during “artery-first approach” [5]. 
Dorsal PJVs can be visualized after dissecting soft tissue be-
tween the SMV and the SMA. On the other hand, ventral PJVs 
conceal the origins of the IPDA, and hence dissecting ventral 
PJVs from the SMA may cause bleeding from the inferior pan-
creaticoduodenal veins, of which 79% are drained into the PJV 
[3]. In the era of laparoscopic PD, it is becoming more import-
ant to avoid excessive bleeding around the uncinate process, 
the SMV, and the SMA than in open surgery.

Among our patients, the volume of intraoperative blood loss 
(median 450 mL, IQR 290–700 mL [FJT] vs. median 300 mL, 
IQR 197.5–400 mL [without common trunk], p  < 0.01) and 
proportion of patients requiring a transfusion (12.7%, 10/79 
[FJT] vs. 1.8%, 1/57 [without common trunk], p  = 0.03) were 

higher in those patients with FJT compared to those without 
a common trunk (Table 2). The odds of transfusion were, 8.5 
times higher in patients with FJT (95% confidence interval [CI], 
1.033–69.460; p < 0.05), and 4.1 times higher in patients with 
ventral PJVs (95% CI, 1.102–15.386; p  = 0.04). According to 
previous studies, intraoperative blood loss was reduced in J1V 
oriented mesenteric excision for PD [5]. Therefore, converging 
patterns of the PJV should be identified preoperatively in order 
to plan for a safe and effective approach to the area and mini-
mize intraoperative bleeding. 

Ischemic insult caused by venous congestion of the jejunal 
limb after PD has been considered serious due to its remark-
able morbidity and mortality [19-22]. Evidence for the actual 
incidence of jejunal congestion after resection of PJV is limited 
and is mostly based on case reports. Kobayashi et al. [2] report-
ed that 1 out of 32 patients with PJV resection developed severe 
congestion of the jejunum requiring urgent jejunal resection. 
Although it is desirable to preserve PJVs during PD, pancreat-
ic head cancers frequently invade into PJVs. If the first-order 
jejunal vein needs to be sacrificed, special attention should 
be paid to not misidentifying the FJT for J1V. The FJT drains 
the territories of more than two jejunal arteries and is also a 
main drainage vein of the jejunal limb used for biliopancreatic 
reconstruction during PD [3]. If mesenteric venous drainage 
is preserved, segmental resection of one of the two first-order 
jejunal veins can be considered feasible [4]. Some studies have 
reported comparable morbidity and mortality rates between 
patients with and without resection of the jejunal venous trunk 
or proximal dorsal jejunal vein [2,12]. However, division of the 
FJT, which drains multiple jejunal veins, can cause severe con-
gestion of the corresponding territories [2]. In addition, a re-
duced amount of intestinal juice secretion, implying decreased 
viability of the jejunum, has been reported in patients with a 
sacrificed FJT, even when there was no significant congestion 
of the small bowel [2]. It is almost impossible to reconstruct 
FJT or J1V, unless the caliber is large enough. Elaborate preop-
erative review of converging patterns of the PJV is essential to 
minimize the risk of developing extensive venous congestion 
of the jejunal limb, especially in cases with suspected tumor 

Fig. 2. An illustration of the relationship between proximal jejunal vein (PJV) and pancreatic head cancer. (A) PJV located dorsal to the SMA. Dorsal PJV 
can get injured during identification of the inferior pancreaticoduodenal artery, which is embedded in the dorsal side of the mesoduodenum. (B) PJV 
located ventral to the SMA. Dissecting ventral PJV from the SMA may cause bleeding from the inferior pancreaticoduodenal veins, which are drained 
into the PJV. SMA, superior mesenteric artery; SMV, superior mesenteric vein.
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involvement of the FJT. 
Nevertheless, few studies including our dataset identified 

anatomical variation of the PJV intraoperatively. Although a 
meta-analysis reported a good correlation in vascular anatomy 
across radiological, surgical, and cadaveric studies [15], future 
studies should include better intraoperative identification of 
PJVs to confirm the findings of preoperative imaging studies.

ONCOLOGICAL IMPLICATIONS OF ANATOMICAL 
VARIATION OF PROXIMAL JEJUNAL VEIN

Despite the definition of “unresectable-locally advanced” tu-
mors in the 7th edition of the Japan Pancreas Society classifica-
tion [7], 12.5% of the patients who completed PD in our dataset 
had the PJV converging into the SMV at the level of the inferi-
or border of the third portion of the duodenum. Therefore, it 
is inappropriate to generalize that all tumors extending below 
the inferior border of the third portion of the duodenum in-
volve small tributaries of the SMV, going beyond the technical 
limitations. Consequently, the resectability criteria in relation 
to the inferior border of the third portion of the duodenum 
should be revisited. 

On the other hand, the proximal dorsal jejunal veins that 
branch from the dorsal side of the SMV above the inferior 
border of the duodenum are a frequent site of local invasion 
because these veins frequently contact the uncinate process 

of pancreas [12]. Moreover, 81.4% of uncinate process cancer 
develops local or loco-systemic recurrence around the SMA 
and SMV [23]. However, a study where these veins were resect-
ed routinely in patients undergoing PD for pancreatic cancer 
reported comparable prognosis in patients with and without 
tumor invasion into these veins [12]. The result supports the 
revised National Comprehensive Cancer Network (NCCN) 
guideline, that omitted the clause “having a contact with most 
proximal draining jejunal branch into SMV,” which since 2015, 
had been one of the criteria of unresectable pancreatic head or 
uncinate process cancer [24,25]. 

A recent study reported that patients with PJVs that drain 
ventral to the SMA had poor prognosis and a higher rate of 
distant metastasis compared to those with PJVs that drain 
dorsal to the SMA, suggesting that a ventral PJV predisposes 
tumor spread to SMA in uncinate process cancer [9]. It was hy-
pothesized that the anatomical proximity between ventral PJV 
and pancreatic head cancer within the uncinate process makes 
tumors prone to infiltration around the SMA, whereas tumors 
with dorsal PJV are prone to infiltration around the SMV. 
Although the current level of evidence is low, the anatomical 
variation of the PJV from an oncological point of view needs to 
be understood in more detail.

Table 2. Perioperative characteristics based on the anatomical types of proximal jejunal vein

Variable Dorsal FJT (n = 63) Ventral FJT (n = 16) Dorsal J1V (n = 46) Ventral J1V (n = 11) p-valuea)

Operation 0.13
    PD 21 (33.3) 9 (56.3) 15 (32.6) 4 (36.4)
    PPPD 36 (57.1) 6 (37.5) 31 (67.4) 6 (54.5)
    PrPD 6 (9.5) 1 (6.3) 0 (0) 1 (9.1)
Portal vein resection 15 (23.8) 3 (18.8) 8 (17.4) 3 (27.3) 0.80
Operation time (min) 340 (300–390) 355 (303–390) 335 (305–370) 345 (305–380) 0.80
Estimated blood loss (mL) 450 (270–700) 425 (295–700) 300 (195–400) 400 (200–600) < 0.01
Transfusion 6 (9.5) 4 (25.0) 0 (0) 1 (9.1) < 0.01
Transfusion unit 4 (2–4) 4 (2–6) 0 2 0.71
Postoperative complication 32 (50.8) 10 (62.5) 19 (41.3) 5 (45.5) 0.50
    ≥Grade III complication 12 (19.0) 3 (18.8) 4 (8.7) 3 (27.3) 0.27
Postoperative pancreatic fistula 10 (15.9) 2 (12.5) 8 (17.4) 3 (27.3) 0.78
    Biochemical leak 2 (3.2) 1 (6.3) 5 (10.9) 0 (0)
    Grade B 7 (11.1) 1 (6.3) 3 (6.5) 3 (27.3)
    Grade C 1 (1.6) 0 (0) 0 (0) 0 (0)
Pseudoaneurysm bleeding 3 (4.8) 0 (0) 1 (2.2) 2 (18.2) 0.15
Delayed gastric emptying 8 (12.7) 3 (18.8) 0 (0) 1 (9.1) 0.02
Portal vein stent insertion 2 (3.2) 0 (0) 0 (0) 0 (0) 0.68
Postoperative hospital stay (day) 21 (16–28) 17 (14–21) 16 (14–21) 18 (14–27) 0.12

Values are presented as number (%) or median (interquartile range).
FJT, first jejunal trunk; J1V, first jejunal vein; PD, pancreaticoduodenectomy; PPPD, pylorus-preserving pancreaticoduodenectomy; PrPD, pylorus-resecting 
pancreaticoduodenectomy.
a)p-values indicate differences among the four anatomical types.
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CONCLUSION

The prevalence of FJTs and PJVs located ventral to the SMA 
is 58%–88% and 13%–37%, respectively. Patients with FJT had 
a higher volume of intraoperative blood loss and proportion 
of patients requiring transfusion compared to those without 
a common trunk. Patients with ventral PJV also had an in-
creased risk of transfusion compared to those with dorsal PJV. 
Although circumstantial, sacrificing FJT results in catastroph-
ic venous congestion of the jejunal limb. Therefore, a well-
planned approach for PD, based on preoperative evaluation of 
anatomical variation in the PJV, may have benefits in reducing 
intraoperative bleeding and postoperative morbidities. Focus 
should be on ensuring zero injuries on the FJTs found prior to 
surgery by mistaking them for J1V or pancreatic veins. Ventral 
PJV makes the SMA-first approach difficult to perform and 
care must be taken during dissection of the vessel from the 
SMA to avoid laceration of the inferior pancreaticoduodenal 
vein draining into the PJV. In addition, the significance of 
invasion into the PJV should be re-analyzed in terms of re-
sectability and oncological clearance. Based on both technical 
and oncological points of view, the SMA-first approach can be 
a good option for safe dissection and identification of the PJV 
without increasing the risk of bleeding during PD.
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