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ABSTRACT
Objective. To evaluate safety and postoperative outcomes of DP-CAR with resection of one of the lobar hepatic arteries without 
arterial reconstruction (extended DP-CAR).
Material and methods. Perioperative data and survival after 7 extended DP-CARs R0 were retrospectively analyzed. Arterial blood 
flow in the liver was assessed using intraoperative ultrasound and postoperative CT angiography.
Results. Among 40 DP-CARs, resection of left or right hepatic artery was performed in 7 cases of aberrant anatomy including 1 case 
of portal vein resection. Mortality and ischemic complications were not observed. The main source of blood supply to the «devascu-
larized» liver lobe was interlobar communicating artery or the arcade of the lesser curvature of the stomach. Incidence of pancreat-
ic fistula was 44%, mean blood loss — 230 (100—650) ml, surgery time — 259 (195—310) min, mean hospital-stay — 14 (9—26) 
days. Median survival of patients with pancreatic ductal adenocarcinoma was 25 months after combined treatment. Three patients 
died after 26, 28 and 77 months. Other patients are alive without progression for 109, 24, 23 and 12 months after therapy onset.
Conclusion. Extended DP-CAR is advisable and safe procedure if reliable intraoperative control of liver and stomach blood sup-
ply is ensured.

Keywords: DP-CAR, modified Appleby procedure, celiac trunk resection, hepatic artery resection, collateral hepatic arteries, mAp-
pleby.
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Introduction

Locally advanced and borderline resectable pancreat-
ic ductal adenocarcinoma (PDAC) has a median survival of 6 
to 38.6 — 43.4 months, and better results are achieved for pa-
tients who undergo combined modern systemic and R0 surgical 
treatment [1—6]. Although arterial tumor encasement is gen-
erally considered a sign of unresectability, it was not definitely 
shown that arterial involvement means advanced systemic pro-

cess. The collected experience of pancreatic resections combined 
with vascular resections shows that arterial resections can be ben-
eficial with acceptable morbidity and mortality in select patients, 
taking into consideration that arterial reconstructions are risky 
in partial pancreatectomy [7—11]. In selected cases of borderline 
or locally advanced pancreatic body cancer, distal pancreatec-
tomy with en bloc splenectomy and celiac axis resection (DP-
CAR) may lead to curative resection and prolonged survival even 
without neoadjuvant therapy [12]. With improved neoadjuvant 
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regimens, this aggressive surgical approach is becoming more 
justified due to the preoperative impact on tumor and patient 
selection [4, 6, 8—10, 12—30].

Distal pancreatectomy with en bloc celiac axis resection 
in combination with total gastrectomy was invented by Apple-
by in 1952 as “de principle” gastric cancer treatment [31]. This 
surgery was used for the first time for the treatment of pancreatic 
cancer in 1976 [32], and it was later developed into the modified 
Appleby procedure with stomach preservation [33]. These surgi-
cal interventions are based on the anatomical findings of the feed-
ing of the pancreatic head, liver and stomach by the flow from 
the superior mesenteric artery through the pancreatoduodenal 
arcades and hepatic and right gastroepiploic arteries after celi-
ac artery resection [34].

In some cases of arterial aberrations originating from celi-
ac artery (CA), such as replaced left hepatic artery (LHA) (Mi-
chels II, IV, VIIIb) or right hepatic artery (RHA), the accom-
plishment of R0-resection may require resection or excision 
of one of the main hepatic arteries in addition to CA resection. 
In these circumstances, the risk of ipsilateral liver lobe ischemia 
after DP-CAR is theoretically increased [35, 36]. Arterial recon-
struction during partial pancreatic resection is a possible and de-
sirable, but risky, procedure and should be avoided when possi-
ble [10, 11]. The present study investigated the feasibility and effi-
cacy of extended DP-CARs with an emphasis on the anatomical, 
radiological and surgical bases for the use of the constant interlo-
bar hepatic arterial collaterals instead of arterial reconstructions.

Patients and methods
Study design

The case reports, demographic, radiological and short- 
and long-term perioperative data of 7 patients treated by our pan-
creatic group using DP-CAR with resection of the left or right 
hepatic artery without arterial reconstructions between May 2010 
and January 2021 were retrospectively analyzed for safety, effi-
cacy, assessment of arterial blood supply adequacy and onco-
logical outcomes.

All patients were discussed at multidisciplinary meetings, 
and all of the procedures were undertaken with the intention 
of performing DP-CAR. The indications for DP-CAR were lo-
cally advanced pancreatic ductal adenocarcinoma (5), unidenti-
fied tumor (1) of the pancreas body and T4 gastric cancer spread-
ing to the pancreas (1), plus involvement of the common hepat-
ic artery (CHA) and/or the CA on CT scans. Abdominal MRI 
and chest CT excluded distant metastases. The gastroduode-
nal artery (GDA), superior mesenteric artery (SMA) and aor-
ta must be tumor-free on CT and endoUS. Stomach or IVth du-
odenal portion involvement, and portal-superior mesenteric 
vein (PV-SMV) involvement, were not considered contraindi-
cations for surgery after neoadjuvant therapy. The arterial anat-
omy delineated on 3D CTA [37] was classified according to Mi-
chels [38]. Tumor size delineated on CT was measured in mm be-
fore surgery. The severity of complications was classified using 
the Clavien–Dindo system [39]. Postoperative pancreatic fis-
tula (POPF) was defined according to the International Study 
Group on Pancreatic Fistula classification [40], and postpan-

createctomy hemorrhage (PPH) was defined in accordance with 
guidelines given by the International Study Group of Pancreatic 
Surgery [41]. Resection margins, including transection and cir-
cumferential margins, were categorized according to the Royal 
College of Pathologists definition and classified as R0 (no re-
sidual tumor, distance margin to tumor ≥ 1 mm), R1 (residual 
tumor, distance margin to tumor <1 mm), and R2 (residual tu-
mor, macroscopically positive margin) [42]. The grade of tumor 
regression on postoperative pathology was categorized according 
to the College of American Pathologists [43]. Ischemic morbidity 
was defined as an abdominal organ complication caused by sur-
gery-related ischemia. Complications, readmissions, and mor-
tality were collated up to 90 days postoperatively. Overall surviv-
al and progression-free survival (OS and PFS) data were collect-
ed based on the last CT or MRI results, last visit to the hospital 
or follow-up phone calls.

Surgery

Staging laparoscopy was performed during the same pro-
cedure, followed by bilateral subcostal or midline laparotomy, 
if no metastases were found. Intraoperative ultrasound (IOUS) 
and frozen-section biopsy were used in cases of doubtful struc-
tures in the liver or peritoneum. The CHA and LGA were vi-
sualized and temporary clamped using vascular instruments. 
The adequacy of the collateral flow to the liver was assessed us-
ing pulse and IO Doppler US measurements from the arteries 
in the hepatoduodenal ligament and liver parenchyma. The ad-
equacy of the collateral flow to the stomach was assessed visual-
ly and via pulsation over the right gastroepiploic artery (RGEA) 
and ICG-based near-infrared fluorescence imaging (the last 11 
cases). In cases of acceptable collateral arterial flow and posi-
tive decision on resectability, CHA (and its branches, if involved 
in cases of aberrant arterial anatomy) was excised with the lymph 
nodes of groups 8 a, p, and left 12 a1, a2, and 12p2, 1 cm proxi-
mally to the GDA. The pancreas in all the cases was transected 
to the right of the right border of the portal vein, generally us-
ing a stapler. The stapling line was excised and examined on fro-
zen-section biopsy. With a positive transection line, total pancre-
atectomy with arterial reconstruction was considered. The Cat-
tell-Braasch maneuver, including extended Kocher maneuver, 
was performed when PV-SMV resection was planned. The spleen 
and left pancreas were mobilized from the left to the right, or vice 
versa, in the frames of the posterior RAMPS procedure with 
emphasis on removal of the left paraaortic lymph nodes, which 
are generally located between the left renal vein and artery. Both 
diaphragmatic cruses were transected cranially to the CA to open 
the left lateral and front surfaces of the aorta and the origins 
of the CA and SMA, both of which were encircled with vessel 
loops. At this stage, the CA was clamped, and collateral flow 
to the liver and stomach was reassessed using the abovemen-
tioned methods. Preservation of the pulse on the hepatoduo-
denal ligament and/or arterial (main or collateral) blood flow 
velocity ≥ 20 cm/sec in the liver parenchyma and the absence 
of signs of gastric ischemia characterized the adequacy of the col-
lateral arterial blood supply to both critical organs. The celi-
ac artery was ligated or closed using a double clip. The left gas-
tric vein and artery were excised. Transection of the LGA be-
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fore its division to the ascendant and descendent branches 
and preservation of right gastric artery are important, but pres-
ervation of the RGEA is absolutely mandatory to prevent or re-
duce gastric ischemia. Transection of the splenic vein was per-
formed safely with the possible narrowing of the PV-SMV to half 
of its diameter. It is possible and desirable to do this after CA 
clipping, but before its transection, to avoid cancer cell migra-
tion due to excessive manipulation of the tumor. In this context, 
clipping of the splenic artery is helpful to prevent spleen swelling. 
Tension-free PV-SMV anastomosis may be used in cases of cir-
cular resection of a vein fragment no longer than 1.5 cm. Oth-
erwise, autovenous (generally, left renal or superficial femoral) 
graft is used. The superior mesenteric artery was freed of all ner-
vous and lymphatic tissue on both sides, which is specifically 
important in cases of venous resection. The peripancreatic tis-
sues were meticulously detached from the front and left surfac-
es of the uncinate process, and a complex of organs, which in-
cluded the pancreatic neck, body and tail, spleen, left adrenal 
gland, pararenal fat with anterior renal fascia and lymph nodes 
of the 8 -11, left 12 a1,a2, 12p2 and 18 groups, was removed. 
The CA, CHA and LGA in all the cases were excised without 
reconstructions (Fig. 1).

If it was necessary to remove the left or right hepatic ar-
tery in addition to the abovementioned organs and vessels, then 
the liver lobe ipsilateral to the sacrificed artery was thoroughly 
examined using IO Doppler US after the temporary clamping 
of this artery, CHA and LGA. Transection of the lobar artery 
was performed only after IOUS confirmed the presence of in-
tramural arterial blood flow within the entire liver. All operations 
were performed under 3.5 — 4.5 magnification.

Transabdominal US examination including Doppler US 
was performed for the first three postoperative days. Liver func-
tion tests were taken on postoperative days 1, 2, 7 and 14. All pa-
tients were discharged with a drain at the pancreas transection 
site, which was removed between postoperative days 12 and 26. 
All patients received somatostatin inhibitors percutaneously 
200 mkg 3 times daily for 10 days postoperatively and proton 
pump inhibitors for 3 months. All patients continued or began 
and finished an adjuvant chemotherapy course. Follow-up con-
sisted of physical examination, laboratory studies and CT im-
aging at 3- month intervals for the first 2 years, at 6-month in-
tervals for years 3 through 5, then at yearly intervals. At the time 
of the final assessment (May 2021), no patient had been lost 
to follow-up evaluation.

Statistics

The Kolmogorov-Smirnov test confirmed the abnormal-
ity of the data distribution. Therefore, the data are present-
ed as the median and range (the minimum and maximum val-
ues), and due to the small number of cases, as absolute numbers.

Results

Tables 1 and 2 demonstrate patients’ demographics, radio-
logical, short- and long-term perioperative data. Two of the sev-
en patients (#4) were males. The mean (range) BMI was 22.2 

(20—26) kg/m2, and the mean (range) age was 62.5 (57—70) 
years. All seven patients had a history of back pain and weight 
loss at the beginning of the disease. Patient #4 was an active 
smoker. Diagnosis was confirmed preoperatively in 6 cases (ex-
cept #3) using endoUS-guided fine-needle aspiration or gastric 
biopsy (#2), and all six patients received perioperative chemo-
therapy with 6—12 neoadjuvant courses and exhibited decreas-
es in CA-19—9 of 12, 4.5, 24, 5, and 3.5 times.

Five of the seven patients underwent surgery for PDAC. 
One patient received surgery for advanced gastric body adenocar-
cinoma G2 with spread to the pancreas, and one patient (#3) un-
derwent surgery for large B-cell lymphoma due to bleeding after 
repeated core-needle biopsy. There were no arterial reconstruc-
tions, aortal stenting, preoperative angiography and/or emboli-
zation of CHA, CA and/or left gastric artery (LGA).

All patients had aberrant arterial anatomy, because the right 
hepatic artery originating from the CA is also an important ab-
erration in circumstances of the CA tumor involvement, but for-
mally belongs to Michels I (classical) type. None of the pa-
tients had major comorbidities, including pre-existing liver dis-
ease, and the physical statuses of all patients were categorized 
as ECOG 0 and American Society of Anesthesiologists (ASA) 
class II.

Six patients underwent modified Appleby procedures with 
left or right hepatic artery resection. The patient with gastric 
cancer underwent total gastrectomy in combination with total 
pancreatectomy, GDA and replaced left hepatic artery resection 
as a completion of the Appleby procedure due to tumor spread 
to the pancreatic head (positive pancreatic margin at frozen-
section biopsy). In one case (#5), the confluence of the SMV 
and PV was circularly resected with direct PV-SMV anastomo-
sis. The mean (range) tumor size was 55 (37—86) mm. All pro-
cedures were R0 with a median lymph node harvest of 31.8 (IQR 
19—78).

The mean (range) operative time was 246 (195—310) min, 
and the mean (range) blood loss was 327.5 (105—650) ml with 
no need for blood transfusion. No patient died, had a major com-
plication (Dindo-Clavien > 3), or required reoperation or re-

Fig. 1. Surgical field after R0 distal pancreatectomy (posterior 
RAMPS) with resection of the celiac trunk (CA) and no arterial re-
construction.
Intraoperative image. Explanations in the text. SMA — superior mesenteric artery, 
PV — portal vein, SMV — superior mesenteric vein, LRV — left renal vein, LAV 
stump — left adrenal vein stump (clipped), LOV — left ovarian vein, ICV — infe-
rior vena cava.
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admission within 90 days after surgery. Three patients had mi-
nor complications (Clavien—Dindo grade II) postoperative-
ly due to grade B postoperative pancreatic fistula (POPF) with 
the drain staying in place for more than 21 days. One patient (#4) 
developed intense abdominal pain caused by herpes zoster post-
operatively, which prolonged the hospital stay. The mean (range) 
length of stay was 14.7 (9—26) days (Table 1).

Arterial blood flow in the liver parenchyma after temporary 
clamping and resection of the CA, CHA, LGA and rRHA or rL-
HA have never ceased, with flow velocity ≥ 20 cm/sec. The US 
spectrum remained unchanged in two cases, but it changed 
from the main to collateral flow after clamping of the arteries 
in the other six cases. No ischemic signs, necroses or abscesses 
in the liver and/or stomach were found during the early or late 
postoperative periods by transabdominal US, including Doppler 
US, contrast CT or MRI.

Liver function tests showed slight and transient plasma ALT 
and AST elevation on POD 1 with spontaneous and quick re-
cuperation. The level of enzymes returned to normal within 

two weeks after surgery. The most prominent enzyme eleva-
tions were registered in patients #4 and #5, one after 12 courses 
of chemotherapy and the second after PV-SMV resection asso-
ciated with updated DP-CAR. Total bilirubin (TB) levels in plas-
ma never exceeded normal values (Table 3).

Survival analysis for the PDAC patients demonstrated cure 
for patient #1 (109 months after surgery she is alive, tumor-free 
and absolutely functional). Patients #5—7 were operated on rela-
tively recently but are progression-free 12, 23 and 24 months after 
treatment beginning, functional and symptom-free. One patient 
died 26 months after the diagnosis due to peritoneal and lung 
progression.

Patient #2 lived in a remote region of the country and died 
gastric cancer-free 28 months after commencement of treat-
ment due to pneumonia associated with poorly controlled di-
abetes mellitus.

Patient #3 underwent surgery for abdominal bleeding after 
core-needle biopsy of the pancreatic body tumor, distinct from 
PDAC. After surgery, the tumor was identified as B-cell lym-

Table 1. Demographic, radiological and immediate perioperative data after extended DP-CAR

Patient 
No. Age, sex BMI 

kg/m2 Michels Arteries resected OP time, min Blood 
loss, ml

Morbidity, 
D-C > 3a POPF LOS, days

1 65, f 20 IV CA, rLHA, GDA, SIV 310 305 — — 9
2 62, f 22 IV CA, rLHA, GDA, SIV 305 550 — — 12
3 57, f 23 II CA, rLHA 195 105 — B 14
4 59, m 26 I, RHA from CA CA, rRHA 205 650 — B 26
5 62, f 21 II CA, rLHA/ VR 245 155 — B 13
6 70, f 21 I, RHA from CA CA, rRHA 220 200 — 14
7 56, m 22 II CA, rLHA 300 150 — — 11

Note. LOS — length of hospital stay, CA — celiac, rRHA — replaced right hepatic, rLHA — replaced left hepatic, GDA — gastroduodenal arteries, SIV — artery to seg-
ment IV, Michels — Michels’ classification of celiaco-mesenterial arterial anatomy, POPF — postoperative pancreatic fistula, VR — porto-mesenteric vein resection.

Table 2. Perioperative data and long-term results after extended DP-CAR

Patient 
No.

Age, 
sex DS ChT, N of courses CA-19-9, 

first/last 
Tumor size, mm/ 
regression grade

N of lymph nodes 
harvested/involved R0 OS, PFS, 

months
1 65, f* PDAC, ypT4N0M0 NA Gem, 6 86/17 51/II 29/0 + 109, 109
2 62, f Gastric Ca, ypT4bN2M0 NA FOLFIRINOX, 4 390/ 136 78/II 78/3 + 28, 28
3 57, f B-cell lymphoma CHOP, 9 — 86 28/0 + 77, 64
4 59, m PDAC, ypT4N2M0 NA FOLFIRINOX, 

Gem+A,12
1145/144 42/III 34/3 + 26, 23

5 62, f* PDAC, ypT4N1M0 NA,FOLFIRINOX, 6 350/71 37/III 28/1 + 24, 24
6 70, f* PDAC, ypT4N1M0 NA,FOLFIRINOX, 6 99/41 39/II 22/1 + 23, 23
7 56, m* PDAC, ypT4N0M0 NA,FOLFIRINOX, 6 321/28 37/II 30/0 + 12, 12

Note. PDAC — pancreatic ductal adenocarcinoma, OS — overall survival, PFS — progression-free survival, Gem — gemcitabine, A — abraxane (Nab-paclitaxel), * — 
alive, NA — neoadjuvant, ChT — chemotherapy, type and number of courses.

Table 3. Postoperative changes in hepatic parameters after extended DP-CAR

Patient 
No.

AST IU/L POD ALT IU/L POD ALP IU/L POD Max TB 
µmol/l1 2 7 14 1 2 7 14 1 2 7 14

1 137 — — 52 174 — — 61 168 — — 55 14
2 205 101 — 49 198 145 — 59 183 151 — 114 19
3 78 — — 40 99 — — 31 134 — — 83 15
4 664 332 141 69 767 293 102 78 393 214 — 159 23
5* 443 219 122 55 612 222 97 69 377 171 144 77 16
6 119 87 48 44 176 98 73 53 194 — — 133 12
7 312 196 57 43 431 188 69 47 133 — 78 51 18

Note. POD — postoperative day, AST — aspartate aminotransferase, ALT — alanine transaminase, ALP — alkaline phosphatase, max TB — maximum total bilirubin 
level during stay, * — porto-mesenteric vein resection
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phoma, which dramatically progressed 77 months after surgery 
on the background of adjuvant treatment and have led to the pa-
tient’s death (Table 2).

Postoperative pathology revealed involvement of the arteri-
al wall of the CA and/or CHA in all cases, except #3. Tumor re-
gression score varied from II (##1, 2, 6 and 7) to III (##4 and 5).

CT and CT angiograms (CTA) of all patients before 
and after surgery were compared to obtain a detailed expla-
nation of the sources of liver and stomach arterial supplies 
(Fig. 2—8).

Discussion

Previous studies showed that radical excision of cancer 
of the pancreatic body with involved CA offered better surviv-
al to a highly selected group of patients with borderline or local-
ly advanced pancreatic adenocarcinoma, especially after neo-
adjuvant chemotherapy [6, 25, 28]. The safety of DP-CAR 
depends on the experience of pancreatic surgical team and cen-
ter volume [6, 8, 10, 12, 25—30]. The value of the methods 
of prevention of specific DP CAR complications, such as gas-

Fig. 2. Ductal pancreatic adenocarcinoma in a 65-year-old female. 3D CT angiography.
a — before surgery. Michels IV arterial anatomy: the replaced right hepatic artery (rRHA) arising from superior mesenteric artery (SMA), the replaced left hepatic (rL-
HA) — from the left gastric (LGA) and segment IV artery (SIVA) originating from the common hepatic (CHA). CA — celiac artery; GDA — gastroduodenal artery, 
RGEA — right gastroepiploic artery SA — splenic artery; Communicating a. — artery, connecting right and left hepatic arteries; b — 9 years after DP-CAR with exci-
sion of the CHA and resection of the LGA, GDA and SIVA. Liver is supplied via SMA through rRHA communicating with the branches of rLHA via interlobar collat-
erals. Stomach is supplied from SMA via gastroduodenal artery (GDA) and right gastroepiploic artery (RGEA).

Fig. 3. Gastric adenocarcinoma G2 with involvement of the pancreatic head and body in a 66-year-old female. 3D CT angiography.
a — before surgery. Michels IV arterial anatomy: the replaced right hepatic artery (rRHA) arising from superior mesenteric artery (SMA), the replaced left hepatic (rL-
HA) — from the left gastric (LGA), segment IV artery (SIVA) — from the common hepatic artery (CHA); b — 20 months after total gastrectomy and total pancreatec-
tomy (completion of the Appleby procedure due to positive margins) with resection of the celiac artery (CA), CHA, LGA, S IVA and gastroduodenal (GDA) arteries.
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tric and/or liver ischemia and/or postpancreatectomy hemor-
rhage are controversial [29, 44—52].

Better outcomes may be achieved if the DP-CAR is R0, 
patients are carefully selected, and the following factors are en-
sured: perioperative modern chemotherapy, reliable intraoper-
ative tools for the detection of liver and stomach ischemia, mit-
igation of pancreatic fistula and the absence of arterial recon-
structions [6, 8, 10—12, 25—30].

DP-CAR is an invasive and complex procedure due to ex-
tensive organ, tissue and vascular removal, but sometimes ad-
ditional resection of the left or right hepatic artery is necessary 
to achieve R0 status. This situation leads to decisions that vary 
from risky arterial reconstructions to a rejection of surgery. This 
paper considered the systematic use of knowledge of liver inter-
lobar arterial communications for the performing of these DP-
CARs (and some other pancreatectomies), which require addi-

tional resection of the left or right hepatic artery without arte-
rial reconstruction.

Anatomical and clinical bases for the extension of arterial 
resections in DP CAR

The capabilities of the collateral arterial supply of the liver 
and stomach after CA resection were described by N. Michels 
on cadavers and confirmed by Appleby clinically. After DP-CAR, 
the liver and stomach are supplied from the SMA to the prop-
er hepatic and right gastroepiploic arteries via the pancreatico-
duodenal arcade and gastroduodenal artery. Both of the latter 
vessels are consistent and exist in 100% of cases, but their ori-
gins may vary [38].

For some reasons, less attention was paid to Michels’ re-
search for anastomoses between major hepatic arteries, which 
showed that 10 collateral arterial pathways to the liver may work 

Fig. 5. Ductal adenocarcinoma of the pancreatic body in a 59-year-old male. 3D CT angiography.
a — before surgery. Michels I arterial anatomy with the right hepatic (RHA) arising from the celiac artery (CA); b — 12 months after DP-CAR with excision of the com-
mon hepatic artery (CHA) and RHA resection. Resection lines are shown in yellow. The left liver is supplied from superior mesenteric artery (SMA) via pancreatico-
duodenal arcade (PDA), gastroduodenal (GDA) and left hepatic artery (LHA). The right liver is supplied via interlobar collateral artery (communicating a.) connect-
ing LHA and RHA. The stomach is supplied from SMA via PDA, GDA and right gastroepiploic artery (RGEA).

Fig. 4. B-cell lymphoma of the pancreatic body and tail in a 57-year-old female. 3D CT angiography.
a — before surgery. Michels II arterial anatomy: the replaced left hepatic artery (rLHA) arising from the left gastric artery (LGA); b — 5 years after DP-CAR with exci-
sion of the common hepatic artery (CHA) and LGA resection. Left liver lobe is supplied via collateral communicating artery. The last one is presented by the lesser cur-
vature arcade between the proper or right hepatic artery (RHA) and the branches of rLHA. Stomach is supplied from superior mesenteric artery (SMA) via pancreati-
coduodenal arcade (PDA) and gastroduodenal artery (GDA) and right gastroepiploic artery (RGEA).
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when the hepatic arteries were occluded, extrahepatic anasto-
moses between the hepatic arteries existed, and “no major in-
trahepatic anastomoses exist between the hepatic arteries inside 
the liver”. It was definitely demonstrated that extrahepatic anas-
tomoses could function between the vessels: 1. RHA and LHA 
or middle hepatic artery (MHA, SIVA), MHA and LHA, 
and two branches of the RHA; 2. RHA and aberrant RHA from 
SMA; 3. Terminals of the MHA or LHA and arteries of the cau-
dal lobe; 4. LHA and LGA; 5. CHA or RHA and GDA, supra- 
or retroduodenal arteries; 6. Cystic artery and RHA or CHA; 
and 7. RHA or PHA and aLHA or rRHA through the less-
er gastric curvature arcade [38, 53]. Tohma T. et al. compared 
CT and angiography data during temporary balloon occlusion 
of the right or left hepatic artery and showed that communicat-
ing arteries between the RHA and LHA were consistently pres-
ent as interlobar collateral vessels of the liver [54], and these 

vessels are generally part of the hilar bile duct arterial net [55]. 
Kim HC (2005) tried to avoid the complications of transcath-
eter arterial chemoembolization by recognizing the extrahe-
patic collaterals to hepatocellular carcinoma and showed that 
not all of the 10 collaterals described by Michels would be activat-
ed and sufficient for liver arterial supply at the moment of acute 
occlusion of the main artery [56]. Pancreatectomy combined 
with simultaneous complex artery(ies) resection has traditional-
ly been considered a general contraindication to radical surgery, 
and these patients were rigorously selected by our team [57, 58]. 
We considered arterial reconstruction during partial pancreatec-
tomy too risky due to probable fistula formation and possible fa-
tal bleeding, which corresponds to the data of other authors [8, 
10—12, 26, 29]. Knowledge about the arterial collaterals provides 
a chance to avoid arterial reconstructions during partial pan-
createctomies during the left-sided and right-sided resections.

Fig. 7. Ductal adenocarcinoma of the pancreatic body in a 70-year-old female. 3D CT angiography.
a — before surgery. Michels I arterial anatomy with the right hepatic artery (RHA) arising from the celiac artery (CA); b — 13 months after DP-CAR with excision of ce-
liac artery (CA) and RHA resection. Resection lines are shown in yellow. The left liver is supplied from superior mesenteric artery (SMA) via pancreaticoduodenal ar-
cade (PDA), gastroduodenal (GDA) and left hepatic arteries (LHA). The right liver lobe is supplied via interlobar collateral (communicating a.) connecting LHA, mid-
dle hepatic artery (MHA) and RHA. Stomach is supplied from SMA via PDA, GDA and right gastroepiploic artery (RGEA).

Fig. 6. Ductal adenocarcinoma of the pancreatic body in a 62-year-old female. 3D CT angiography.
a — before surgery. Michels II arterial anatomy: the replaced left hepatic artery (rLHA) arising from the left gastric artery (LGA); b — 12 months after DP-CAR with 
excision of the common hepatic artery (CHA) and resection of LGA, resection and reconstruction of PV-SMV confluence. The left liver lobe is supplied from rLHA 
via collateral (Communicating a.) anastomosing with branches of segment IV artery and proper hepatic artery. Stomach is supplied from superior mesenteric artery 
(SMA) via pancreaticoduodenal arcade, gastroduodenal artery (GDA) and right gastroepiploic artery (RGEA).
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Possible anatomical and clinical effects of the preoperative 
common hepatic or celiac artery and its branches 
embolization

The pancreaticoduodenal and gastroduodenal arteries 
are 100% present and are easily delineated by CT [59].

1. In the event of a CHA preoperative occlusion (PHAE) [29, 
45, 46, 48], the collateral flow always appears in the direction 
of the proper hepatic artery (PHA) from the SMA. The possi-
bility of adequate arterial hepatopetal flow through the GDA 
is very high, because the stomach is supplied by the left gastric 
(LGA) and splenic (SA) arteries, which makes the flow devia-
tion into the right gastroepiploic artery insignificant [31, 49]. 
Moreover, the constant collaterals (which are disconnected 
during DP CAR) between the system of the left gastric, he-
patic and aa. communicantes between the left and right he-
patics are kept in reserve and invisible even in selective an-
giography after embolization [60]. This condition absolute-
ly differs from conditions that develop after DP CAR, when 
the SA, LGA dorsal and transverse pancreatic and transpan-
creatic arteries are excised. All of the abovementioned argu-
ments reduce the value of preoperative common hepatic ar-
tery embolization.

2. In case of CA preoperative occlusion [30,52], the collat-
eral flow from the SMA through the PDA and GDA goes into 
the PHA and the CHA and through it, into the CA, LGA and SA 
to supply the liver, stomach, spleen and pancreas along the pat-
ent paths (Fig. 9). In this situation, a) the pathway from the aor-
ta to the remote consumer organs (e.g., gastric fundus, spleen, 
pancreatic tail) elongates significantly; and b) the other collat-
erals from the SMA (which will be sacrificed during DP CAR) 
could be activated to compensate for the possible arterial insuf-
ficiency of the abovementioned organs.

3. With CA and CHA, CA and LGA, or CA, CHA, SA 
and LGA preoperative occlusion [31], arterial flow redistribu-
tion may be achieved via the PDA and GDA, which is similar 
to the flow pattern resulting after DP CAR. The big difference 
in this situation is a great reduction in flow supply to the above-
mentioned power-consuming organs (for example activation 
of RGEA with liver stealing), which is more significant than just 
after CA occlusion and which may lead to the appearance of col-
laterals not related to post DP-CAR anatomy [47].

Theoretically, variants 2 and 3 of preoperative artery oc-
clusions could lead to 1. “appearance” of the interlobar liver 
communicating arteries on CT and angiography; 2. ischemia 
of some organs before surgery, which may lead to a refusal of sur-
gery that would otherwise have been feasible without preoper-
ative embolization.

Because of these theoretical and practical issues [28—31, 
44—47, 50], the absence of established advantages of preopera-
tive embolization preoperative stenting of the aorta, emboliza-
tion of CA, CHA, LGA and/or SA[3, 60], we never used these 
options.

There was no 90-day mortality in our series. Morbidity 
was represented primarily by grade B POPF in half of the pa-
tients, which manifest as the drain staying longer than 21 days. 
One case (#4) of prolonged hospital stay was a result of a herpes 
zoster attack. The relatively high incidence of POPF may be ex-
plained by the level of transection of the unchanged pancre-
as, which was always to the right of the pancreatic neck along 
the head border or through the pancreatic head. Our team 
did not see any improvements in POPF rate using round liga-
ment, hemostatic patches and glues after distal pancreatectomies, 
and we only used prolonged draining for abscesses and bleed-
ing prevention.

Fig. 8. Ductal adenocarcinoma of the pancreatic body in a 56-year-old male. 3D CT angiography.
a — before surgery. Michels II arterial anatomy: the replaced left hepatic artery (rLHA) arising from the left gastric artery (LGA); b — 6 months after DP-CAR with ex-
cision of celiac artery (CA), common hepatic artery (CHA) and LGA. The left liver lobe is supplied from rLHA via collateral artery (communicating a.) anastomosing 
with the branches of segment IV artery and right hepatic artery (RHA). Stomach is supplied from superior mesenteric artery (SMA) via pancreaticoduodenal arcade, 
gastroduodenal artery (GDA) and right gastroepiploic artery (RGEA).
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Prevention of ischemic complications was only intraop-
erative and comprised of the determination of intraparenchy-
mal arterial liver flow using Doppler ultrasound after tempo-
rary clamping of the CHA, LGA and/or CA (see Methods). 
Previous works [39] and our experience of 54 consecutive distal 
spleen-preserving pancreatectomies with splenic vessel resec-
tion showed that detection of the main or collateral intraparen-
chymal arterial flow velocity ≥ 20 cm/sec using US Doppler af-
ter clamping of the splenic artery was a reliable sign of adequate 
arterial supply of the spleen [61]. We used the same principle 
for the assessment of liver arterial flow after clamping and resec-
tion of the CHA and considered this flow sufficient even in cas-
es of undetectable pulse on the hepatoduodenal ligament (case 
#4). Using this approach, no severe postoperative ischemic com-
plications, such as liver infarctions or abscesses, were record-
ed. For assessment of the stomach ischemia, we used only vi-
sual monitoring and pulse detection at the right gastroepiploic 
on the level of the gastric body after the CA clamping. In three 
cases out of seven we used fluorescent angiography in the near-
infrared light with intravenous indocyanine green (ICG) in ad-
dition to the visual data and RGEA pulse monitoring. Doppler 
ultrasound and ISG-based fluorescence detection are now man-
datory methods for any surgery associated with hepatic and/
or celiac artery resections in our institution. In this series of sev-
en patients, there were no cases of ischemic gastropathy.

IOUS was not used for the assessment of vascular involve-
ment because it did not provide any additional data to the CT 
data after neoadjuvant therapy in our experience.

The seven updated DP-CARs were a part of our series 
of 53 consecutive pancreatectomies associated with CA and/
or CHA resections. In this mixed group of patients with adju-

vant and neoadjuvant therapy, arterial reconstructions were per-
formed in 24.5% (13/53) of cases. Twenty tree procedures were 
added to the first results [57] from 2015, and the current R0-re-
section rate is 92.5% (4/53), with 7.5% (4/53) 90-day mortali-
ty and 46% (24/53) morbidity (primarily POPF B) with a ma-
jor morbidity rate (Dindo-Clavien > 3a) of 17% (9 of 53). DP 
CARs were performed in 40 cases, and all of them were planned 
with no primary arterial reconstructions. For PDAC, the over-
all survival was 25 months with a progression-free survival of 20 
months. Although the last 12 procedures were accomplished from 
2018 to November 2020 and long-term survival data will be cor-
rected, the 19.4% actual 5-year survival (6 of 31) in this mixed 
(adjuvant + neoadjuvant) DP-CAR group is a promising result. 
The short-and long-term results in this subgroup of seven pa-
tients did not differ significantly from the results of the whole 
DP-CAR group.

Thirty-three retrospective series of DP CARs containing 
more than two patients collected 528 cases from 1976 to 2020 [6, 
8—12, 15—28, 44, 47, 48, 51, 52, 57] and demonstrated postop-
erative 90-day mortality rates that ranged from 0% in the Balti-
more (17 patients), 3% in the Inokawa (1 of 38), 5% in the Sap-
poro (4 of 80) and 6.5% in the Chiba (2 of 31) cohorts to 14% 
in the Pittsburgh (4 of 30), 16% in the pan-European (11 of 68) 
and 18% in the Rochester (6 of 34 patients) cohorts [6, 9, 12, 
25, 26, 29, 60]. Major morbidity rates in the largest series ranged 
from 25% in the pan-European cohort to 59% in the Rochester 
cohort, although definitions were heterogeneous [6, 9, 12, 25, 
26, 29, 60]. The most common complication was POPF (30%), 
which was as frequent as after standard distal pancreatecto-
my [61]. The rates of POPF varied from 6% (Baltimore) to 57.5% 
(Sapporo). The R0 rate varied from 55% in the Pan-Europe-

Fig. 9. Celiac artery (CA) aneurysm and right colon cancer in a 71-year-old male. 3D CT angiography.
a — before surgery. Michels I arterial anatomy with the saccular CA aneurysm; b — 1 week after right-sided hemicolectomy with CA resection proximal to its bifurca-
tion. Liver, stomach, pancreas and spleen are supplied from superior mesenteric artery (SMA) via pancreaticoduodenal arcades, gastroduodenal (GDA), common he-
patic (CHA), left gastric (LGA) and splenic arteries (SA). The same diameter of right gastroepiploic artery (RGEA) and LGA indirectly shows their unchanged partic-
ipation in supplying the stomach.
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an to 92.5% in the Sapporo cohort, and mean lymph node har-
vest fluctuated from 16 (15—24) in the Baltimore and 23.9±18 
in the Pittsburg series to 22 (19—31) in the European series [6, 
9, 12, 25, 26, 29].

Overall survival in the mixed (adjuvant plus neoadjuvant 
therapy) groups varied from 18 months [29] to 30.9 months [12]. 
Authors from Baltimore (n=17), Pittsburgh (n=30) and Inoka-
wa (n=38) reported 20, 35 and 38.6 month median overall sur-
vival after neoadjuvant therapy [6, 9, 25, 26].

The present study demonstrated that DP CAR associat-
ed with resection of the left or right hepatic arteries without 
reconstructions (extended DP CAR), performed under in-
traoperative blood flow monitoring, was technically feasible 
and safe and oncologically justified because of the accept-
able mortality and morbidity, lack of ischemic complications 
and acceptable long-term results compared to published da-
ta. This technique was mentioned as an extension of DP-CAR 
only once in the literature [29], but without short- and long-
term details.

The key point of this paper was to demonstrate the impor-
tance of the interlobar communicating arteries between the main 
hepatic arteries and the capabilities of intraoperative monitor-
ing of their functioning, for the safe resection of the main he-
patic arteries without reconstructions during pancreatectomies 
and other radical abdominal procedures.

The data presented in this work will help decrease the risk 
of fatal complications associated with arterial reconstructions 
and provide an explanation about the rarity of left liver ischemia 
after excision of the aberrant left hepatic artery during gastrec-
tomy. The data (Fig. 2—9) show that in cases of acute occlusion 
of the aberrant left hepatic artery, the artery(ies) of first response 
are the communicating interlobar hepatic artery(ies), and some-
times left inferior diaphragmatic artery, as was shown previously 
using angiography [62—65].

The limitations of this study are the small number of cases 
and patient selection. Technical limitations involved the low res-
olution of 3D CT angiography compared to the maximum inten-
sity projection (MIP) regimen. Three-dimensional CTA was used 
as a method of comprehensive and more demonstrative visual-
ization of the visceral arteries, which is much more difficult with 
the use of MIP technology.

In conclusion, DP-CAR with resection of the right 
or the left hepatic artery is feasible and safe for patients with 
pancreatic body cancer that involves the CA, CHA and/
or one of the main hepatic arteries. The combination of mod-
ern chemotherapy, reliable monitoring of the liver and stomach 
blood supply and updated DP-CAR can provide R0 resection 
and survival benefit for these patients.

The authors declare no conflicts of interest.
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