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Abstract

BACKGROUND

In orthotopic liver transplantation (OLT) recipients, edian arcuate ligament syndrome
(MALS) is considered a risk factor for hepatic arter'&l thrombosis (HAT), which is
dreadful for OLT recipients. Different alternative surgical procedures have been

proposed to overcome the impact of MALS on transplantation, but clinical evidence is

still scarce.

AIM
To evaluate the feasible surgical management of MALS to reduce complications in OLT

patients.

METHODS @

13
Data for 288 consecutive patients who underwent OLT at The First Hospital of Jilin
University between January 2017 and July 2020 were retrospectively reviewed. The

surgical management of median arcuate ligament (MAL) and modifications to the

arterial anastomosis were recorded. The perioperative and long-term prognosis of




MALS recipients were noted. Detailed preoperative and postoperative data of patients

were analyzed in a descriptive manner.

RESULTS

Eight patients with MALS were included in this study. The first patient with MALS
received no intervention during the primary surgery and developed postoperative
HAT. Salvage liver transplantation with MAL division was successfully performed.
Gastroduodenal artery (GDA) preservation with splenic artery ligation, only GDA
preservation, and no intervention were performed for three, two, and two patients,
respectively. No patient developed HAT after surgery and postoperative recovery was

satisfactory.

CONCLUSION

3
The preservation of collateral circulation between the superior mesenteric artery and
celiac trunk via the GDA with or without splenic artery ligation is a safe and feasible
alternative to MAL division.
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Core Tip: This retrospective single-center study analyzed diagnosis, surgical procedure,
and outcome of 8 patients with median arcuate ligament syndrome (MALS). In eight
patients with MALS, orthotopic liver transplantation without median arcuate ligament
(MAL) division and celiac trunk-aorta bypass ensured adequate hepatic arterial blood

flow. No new onset hepatic arterial thrombosis was observed. The study suggests that




without intraoperative MAL release can ensure adequate hepatic artery flow and

prevent hepatic arterial thrombosis.




INTRODUCTION

Orthotopic liver transplantation (OLT) is the most effective treatment for end-stage liver
diseasel'l. Although the operaa've technique for OLT has been standardized,
postoperative hepatic arﬁrial thrombosis (HAT) remains a rare but dreadful
complication(>4l. Previous studies have demonstrated that factors associated with HAT
include anastomotic stenosis, anastomosis inverw, arterial tortuosity, acute cellular
rejection, transfusion, and other rare factors. Median arcuae ligament syndrome
(MALS) is one of the rare causes of HAT[571. MALS refers to an extrinsic compression of
the celiac axis caused by the fibrous ligament known as the MAL and periaortic
ganglionic tissuel’l. The condition was first reported as a post-mortem finding by
Lipshutzl’! in 1917. Harjolal'®l and Dunbar et all''l successfully performed median
arcuate ligament (MAL) releage operations in 1963 and 1965, respectively. MALS can
reduce the hepatic blood flow velocity from 425 cm/s to 200 cry sl12l, This indicates that
MALS can disrupt the hepatic artery hemodynamics, which is considered a high-risk
factor for HAT in OLT recipients(1213l. Thus, timely recognition ﬁd management of
MALS is of major importance for transplant surgeons. Different surgical procedures
have been proposed to overcome the impact of MALS on transplantation, but clinical
evidence is still scarce with regard to the surgical treatment of MALS. In this
retrospective study, we evaluated the surgical management of MALS to reduce

complications in OLT patients.

MATERIALS AND METHODS

Patients

The data for 288 consecutive patients who underwent OLT at The First Hospital of Jilin

University between January 2017 and July 2020 were retrospectively reviewed. All
patients received liver grafts from cardiac death donors. Patients without adequate
preoperative images as well as those who received simultaneous liver-kidney
transplantation and pediatric liver transplantations were excluded. The collected data

included preoperative data on celiac truck stenosis and MALS, surgical procedures for




MALS as well as postoperative ort- and long-term follow-up details. The
investigators obtained approval from the Ethics Committee of The First Hospital of Jilin

University. All patients provided written informed consent for the procedures.

Preoperative computed tomographic angiography

All OLT recjpients underwent preoperative computed tomographic angiography (CTA)
(Figure 1). End-inspiratory arterial phase, end-expiratory portal venous phase, and
sagittal arterial reconstruction were examined. Vascular abnormalities were evaluated
by a senior staff radiologist and the transplant surgeon thdetermine the operative
approach. According to stenosis rate, length of stenosis and distance from aorta, Sugae
et al classified MALS to three types. The rate of type A stenosis should be less than
50%, its length should be less than 3 mm, and its position should be more than 5 mm
from the aorta. The rate of type B stenosis should be between 50 and 80 percent, its
length should be between 3 and 8 mm, and its position should be greater than 5 mm
from the aorta. The rate of type C stenosis should exceed 80%, its length should exceed
8 mm, and its position should be less than 5 mm from the aorta. MALS was defined
based on extrinsic compression on the celiac trunk due to MAL, post-stenotic dilatation,
and patients diagnosed with MALS should exhibit at least one or more of the following

symptoms postprandial pain, weight loss, and small meals as described previously!15.

Surgical management of MALS

OLT recipients with suspected_or confirmed MALS on pre-operative imaging
underwent detailed evaluation f the collateral circulation between the superior
mesenteric artery and the celiac trunk based on the pre-operative imaging and
intraoperative findings. Gastroduodenal arteries (GDAs) with abundant collateral
branches were clamped to determine whether the hepatic arterial flow or pulse was
reduced. If clamping decreasebthe hepatic arterial flow, then the GDA and collateral

branches were preserved. The hepatic artery/splenic artery patch from the donor and

right/left hepatic artery patch from the recipient were used for branch patch




anastomosis (Figure 2). If hepatic arterial flow was not affected by GDA clamping, the
hepatic artery/GDA patch from the recipient and hepatic artery/splenic artery patch
from the donor was used for branch patch anastomosis as a standard arterial
revascularization method (Figure 3). After the anastomosis, the intrahepatic arterial
blood flow was evaluated using Doppler ultrasound. If the blood flow was not
satisfactory (hepatic arterial blood flow rate < 50 cm/'s), after assessing the potential for
splenic artery steal syndrome, the splenic artery was ligated and the hepatic arterial
flow and pulse was tested again. Surgical division of MAL or celiac trunk-aorta bypass
was performed when the hepatic arterial flow remained poor despite all the above
measures.

Postoperatively, Doppler ultrasound was used periodically: every 12 h during the
first week, twice per week until discharged, and once a week for 3 mo to monitor
hepatic artery anastomosis. If Doppler ultrasound revealed any abnormal findings, such
as HAT as defined by resistive index (RI) < 0.5 and hepatic artery blood flow < 39
cm/sll combined with elevated liver enzymes and bilirubin suggestive of
hepatocellular injury, CTA wag performed immediately to determine the status of
hepatic artery anastomosis and initiate the timely salvage of the liver graft if required.

If there were other signs, the patients received standard prophylaxis of

thromboembolism for 6 wk post-OLT and no anticoagulant therapy was used.

RESULTS

Patient characteristics and perioperative outcomes

émong 288 patients who received OLT, eight were diagnosed with MALS (Figure 1).
The mean recipient age was 59 years. There were four men and four women. The warm
ischemia time for the liver graft ranged from 12 s to 41 s and the cold ischemia time
ranged from 452 min to 632 min. The median follow-up was 20 mo. Other patient

characteristics are presented in Table 1. The surgical details for the recipients with

MALS are shown in Table 2.




For the first patient, due to a lack of knowledge about MALS, no intervention for
celiac trunk stenosis caused by MAL was performed during the first operation and
standard revascularization was performed. On the ninth postoperative day, the total
and direct bilirubin reached 210 mmol/L and 130 mmol/L, respectively. Markers of
hepatocellular injury increased (alanine aminotralﬁferase 3375 U/L, aspartate
aminotransferase 88.9 U/L). The hepatic flow rate decreased to 10 cm/s and the
resistive index dropped to 0.4, suggestive of HAT. On exploratory laparotomy, there
was extensive thrombosis in the hepatic artery around the anastomosis. Thrombectomy
was performed and hepatic arterial blood flow was restored after re-anastomosis.
However, there was no intrahepatic blood flow on Doppler ultrasound, probably due to
intrahepatic arterial thrombosis. Thrombolytic therapy with alteplase was given but
failed to restore the intrahepatic blood flow. Six hours later, salvage liver
transplantation was performed and the MAL was divided (Figure 2A and 3A, Table 1
and 2). Postoperatively, the hepatic blood flow rate increased to 70-87 cm/s.

The remaining six patients had normal preoperative hepatic arterial flow. Four
patients had abundant collateral circulation between the superior mesenteric art@! and
the celiac trunk via GDA (Figure 1B), thus GDA was preserved and the hepatic
artery/splenic artery patch from the donor and right/left hepatic artery patch from the
recipient were used for branch patch anastomosis (Figure 2B).

In three patients, low hepatic arterial flow rate was detected using Doppler
ultrasound during the operation with patent anastomosis. Consequently, splenic artery
steal syndrome was evaluated when RI was greater than 0.8 and hepatic artery blood
flow was less than 35 cm/sl'7l, Hepatic artery blood flow returned to normal after
splenic artery ligation, and no HAT occurred after surgery (Figures 3B-D).

Another patient with aberrant right hepatic artery regejived two anastomoses. The
first anastomosis was performed between the recipient right hepatic artery from the

perior mesenteric artery and the donor GDA. The second anastomosis was done
between the recipient's proper hepatic artery and the donor common hepatic artery

(Figure 3E).




Two patients received standard arterial revascularization without preservation of the
GDA or splenic artery ligation (Figure 3F).

The seven MALS patients without MAL division had satisfactory hepatic arterial
blood flow after the operation. All eight patients had adequate hepatic arterial blood

flow at discharge, as presented in Table 1.

ng-terin outcomes of patients with MALS
The median follow-up was 19 mo (range: 10-29 mo). All the patients are alive. Among
these eight patients, seven of them are healthy without complications. One patient
developed biliary stricture 2 mo after surgery, which was successfully managed with

endoscopic retrograde cholangiography and biliary stenting.

DISCUSSION
In MALS, the coeliac artery gets compressed_by the MAL, leading to reduced ood
flow in the hepatic artery!'21315-20] Because the blood flow in the hepatic artery is
significantly reduced, it predisposes the patients to HAT after OLT, which leads to graft
failure in 50% of cases and re-transplantation/22-24. MALS patients with normal
hemodynamics usually have no or little clinical symptoms before OLT. However, in the
postoperative phase after OLT, patients may develop severe hemodynamic restrictions
in hepatic arterial flow, which increases the risk of HATI®I. Hence, an appropriate
preoperative surgical plan should be developed for OLT patients with MALS. The
reportedéncidence of MALS after liver transplantation varies from 2% to 12%[212627],
The low incidence of MALS in previous reports may be due to insufficient awareness of
this disease and limited diagnostic methods. Currently, the extensive application of
contrast enhance computed tomographic (CECT) has improved the diagnostic rate of
MALS.

Recurrent post-prandial epigastric pain, weight loss, nausea or vomiting and
abdominal pain after exercise is common symptoms of MALS. Eight patients in this

study had a history of epigastric pain and weight loss, but these symptoms were




attributed to chronic hepatitis and decompensated liver cirrhosis. Therefore, the
diagnosis of MALS is partly clinical and mainly based on radiology. Celiac axis stenosis
caused by MAL appears similar to a hook on CECT during sagittal reconstruction28l.
Abundant collateral branches, post-stenotic dilation, and thickening of the MAL can
also help in the diagnosis of MALS. Angiography used to be a routine test for detecting
aberrant arterial vessels but is now used selectively for suspected cases in arterial
dynamic studiesl2L28l. Gruber et all?l found that the combination of a maximum end-
expiratory velocity over 350 cm/s in the celiac trunk and a deflection angle higher than
50°, detected using functional ultrasound, was a reliable diagnostic method for MALS.
At our center, we routinely perform CTA on OLT patients to detect vascular variations
and MALS.

Sugae et all classified MALS into three types according to the stenosis rate, length of
stenosis, distance from the aorta, and collateral pathways. According to the different
types, it has been suggested that type A MALS should not be manipulated, while type B
and type C usually require surgery to maintain the blood supply of the hepatic artery.

Cassar et all?!l reported the fourth type in which coeliac artery compression from
MAL is at the origin of splenic artery and surgical intervention is required to restore
hepatic artery flow during liver transplantation. These suggestions are all based on
maintaining the hepatic blood to the liver graft, as it is sensitive to hemodynamic
changes. Therefore, whether an intervention should be performed for type A needs to
be determined carefully. If MAL-related compression is mild with adequate pre- or
intraoperative artelﬁll blood flow, surgical division of MAL is not necessary. However
the perioperative hepatic artery flow is determined by wvarious factors, making it
difficult to determine whether the blood flow is adequatel’l. Golse et all®l used
intraoperative contrast-enhanced Doppler ultrasonography to determine the hepatic
blood flow in OLT patients. In their reports, MALS patients who required further
treatment and six paEnts with weak arterial flow without intervention underwent
MAL division and the incidence of postoperative vascular complications was

significantly reduced. In this study, we determined the hepatic blood flow based on the




pulse in the hepatic artery and arterial blood flow rate measured using intraoperative
Doppler ultrasonography after anastomosis. In MALS patients, postoperative Doppler
ulfrasound was used routinely to determine hepatic arterial blood flow.

Currently, there is no consensus on the treatment of MALS in patients who undergo
liver transplantation. The various methods reported in the literature are aﬁollowsz 1)
endovascular interventional therapy; (2) MLA division to release the extrinsic
compression on the celiac axis; (3) anastomosis of the graft’s celiac artery to the
recipient’s aorta; and (4) use of gastroduodenal branch-patch anastomosis without MAL
division2!l.

With the continuous advancements in endovascular interventional therapy, some
OLT recipienthwith MAL have been treated with interventional therapy
postoperatively to restore the hepatic blood flowl*.32. However, the preoperative use of
stenting remains controversial, as persistent external compression from the MAL carries
a higher risk[2133],

Recent studies have suggested that regular vascular reconstruction after surgical
division of MAL in liver transplant recipients with MALS is safe and effectivel!334].
Czigany ef all?'l reported a 7-year retrospective study of 34 MALS patients, in which 26
patients received MAL division and four patients required aorto-hepatic conduit
construction. Twenty-six patients who underwent surgical division of MAL or
alternative reconstruction had no postoperative complications. Three patients with
MALS who did not receive any intervention for MALS developed severe vascular
complications and one of them required re-transplantation. In their study preoperative
assessment of vascular aberrations, different surgical approaches were planned before
the surgery, which led to a relatively low HAT rate.

MAL division is a standard treatment for MALS. However, OLT recipients with

ALS usually have gastroesophageal varices and extensive collateral vessels between
the celiac trunk and superior mesenteric artery, which increases the risk of bleeding
during MAL division. The most common collateral circulation is the superior

mesenteric artery-pancreaticoduodenal artery-GDA-hepatic artery network. This




collateral circulation helps in maintaining hepatic arterial flow in MALS patients after
liver transplantation, even without MAL division. Lubrano et all?’] reported that one out
of 10 patients with MALS underwent MAL division while six patients underwent
standard hepatic arterial reconstruction without the division of MAL. None of the 10
patients experienced postoperative vascular complications. In this study, one patient
with MALS received standard hepatic arterial reconstruction with GDA ligation. The
patient developed HAT during the postoperative period and required a salvage liver
transplantation with MAL division. The remaining seven MALS patients were
diagnosed with MALS before surgery and had adequate hepatic blood flow
preoperatively, determined with Doppler ultrasound. Thus MAL was not divided
irrespective of the type. Five patients were found to have abundant collateral circulation
between the superior mesenteric artery and the celiac trunk before surgery; therefore,
the GDA was preserved intraoperatively. The other two patients had no obvious
collateral circulation. Consequently, the GDA was clamped and hepatic arterial blood
flow was assessed. Since there was adequate hepatic blood flow despite GDA clamping,
GDA ligation with standard hepatic arterial anastomosis was performed. All seven
patients had good postoperative hepatic blood flow without HAT. Hence, we believe
that in OLT recipients with MALS, preservation of the collateral circulation without
MAL division is a safe and feasible procedure. The procedure has fewer complications
and makes surgery easier. In addition to collateral preservation, the splenic artery can
be ligated if necessary. Additionally, we used the left and right hepatic artery
bifurcations to enlarge the anastomosis. If the hepatic artery blood flow is still
unsatisfactory with the above measures, division of MAL may be considered. Hepatic
artery-abdominal aorta bypass is the most difficult surgical procedure and can be used
as a last resort.

This study has certain itations. First, this study was a ﬁ'ngle-center retrospective
study. Second, the number of patients was limited. Hence, future studies with larger

sample sizes are needed to verify the findings of this study.




CONCLUSION

Preoperative diagnosis of MALS in OLT recipients is important to prevent HAT.
Preservation of collateral circulation with or without splenic artery ligation is an easier
surgical technique with shorter operation time and lower risk of intraoperative
complications compared to MAL division and celiac trunk-aorta bypass to ensure

adequate hepatic arterial blood flow.

ARTICLE HIGHLIGHTS

Research background a
1

In orthotopic liver transplantation (OLT) recipients, median arcuate ligament syndrome

(MALS) is regarded as a risk factor for hepatic artery thrombosis (HAT), a devastating

complication of OLT. To counteract the influence of MALS on transplantation, a variety

of different surgical methods have been proposed, but clinical evidence is still lacking.

Research motivation
To increase the survival rate of MALS patients who receive OLT and decrease

postoperative complications.

Research objectives
To evaluaﬁ the efficacy of surgical treatment for MALS to reduce complications in OLT
patients in order to improve patient survival and decrease the incidence of

postoperative complications.

Research methods

A total of 288 consecutive OLT patients at The First Hospital of Jilin University were
retrospectively evaluated. Median arcuate ligament (MAL) surgical treatment and
arterial anastomosis modification were recorded. Perioperative and long-term MALS

prognoses were noted.




Research results

In this investigation, eight patients with MALS were enrolled. The first patient with
MALS did not get any intervention during the main operation, and afterward
developed HAT. Successful salvage liver transplantation with MAL division was
accomplished. On three, two, and two patients, respectively, gastroduodenal artery
(GDA) preservation with splenic artery ligation, GDA preservation alone, and no
intervention were performed. After surgery, no patient got HAT, and healing was

acceptable.

Research conclusion
The preservation of collateral circulation between the superior mesenteric artery and
celiac trunk via the GDA, with or without ligation of the splenic artery, provides a safe

and practicable alternative to MAL division.

Research perspectives
To provide surgeons with effective and feasible surgical options when they need to

perform OLT in MALS patients.
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