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Abstract
Purpose: To report our technique, treatment strategy and clinical outcomes for porto-mesenteric venous thrombosis (PMVT) in
non-cirrhotic patients.

Methods: 16 non-cirrhotic PMVT patients (mean age: 48.6 years) with imminent intestinal ischemia were enrolled from 2004-2020.
8 patients presented thrombus extension into the peripheral mesenteric vein, close to the venous arcade. Transhepatic catheter-
directed thrombolysis (CDT) was performed by urokinase infusion (60,000-30,000 IU/hour concomitant with heparin 300-400
IU/hour), catheter aspiration and/or balloon dilation/stent placement. Additional intra-arterial mesenteric infusion of urokinase
(30,000 IU/hour) was given in patients with the peripheral mesenteric venules involved. Transjugular intrahepatic porto-systemic
shunt (TIPS) was created in patients with poor recanalization of the intrahepatic portal �ow (PV).

Results: The transhepatic route was adopted in all patients, with adjunct indirect mesenteric arterial thrombolytic infusion in 8
patients. A total of up to 20.4 million IU urokinase was infused for 1-30 days’ treatment duration. TIPS was created in 3 patients
with recanalization failure of the intrahepatic PV. Technical success was achieved in 100% of patients with complete
recanalization of 80% and partial recanalization of 20%. No major procedure-related complications were encountered. The 30-day
mortality rate was 6.7%. The overall 1- and 2-year primary and secondary patency were both 74.0% and 84.6% respectively.

Conclusions: CDT can be performed as a primary salvage treatment once the diagnosis is made. CDT via the transhepatic route
with tailored thrombolytic regimen is safe and effective for both acute and chronic PMVT . TIPS creation can be preserved in non-
cirrhotic PMVT patients if intrahepatic PV recanalization fails.

Introduction
Porto-mesenteric venous thrombosis (PMVT) is an uncommon cause of mesenteric ischemia, accounting for only 5–15% of
cases1. Its outcome is unpredictable, re�ecting differences in clot distribution, clot volume, speed of onset and the presence of the
radiological features of intestinal ischemia. Søgaard et al reported the 30-day mortality risk was particularly high for patients with
mesenteric vein thrombosis (63.1%) when compared with that of portal vein thrombosis (15.6%)2. PMVT can be either acute,
presenting commonly with abdominal pain, or chronic, presenting with features of portal hypertension. On rare occasions, it is
diagnosed as an incidental �nding on abdominal CT scans3. The aim of treatment is to reverse or prevent the advancement of
diffuse thrombosis in the porto-mesenteric veins (PMV) and to treat its complications4. There are clear recommendations from the
American Association for the Study Liver Diseases (AASLD) and European Association for the Study of the Liver (EASL) for the
use of anticoagulation in non-cirrhotic acute PMVT5,6. However, anticoagulation alone in acute, extensive PMVT does not
necessarily result in spontaneous clot lysis and leaves patients at risk of complications, including intestinal infarction and portal
hypertension7.

Several studies with small patient cohorts attempting the prompt restoration of the porto-mesenteric �ow in the non-cirrhotic
PMVT patients using either catheter-directed thrombolysis (CDT) alone or with the aid of thrombectomy devices have been
reported in the literature7–15. These procedures were performed via the transhepatic, transjugular and/or indirect superior
mesenteric artery routes. Nowadays, the transjugular route is advocated for this purpose because of the high percentage of major
bleeding complications (50-60%) of the transhepatic route9,15. However, high-dose thrombolytic regimens were both adopted in the
above-mentioned studies. Also, entering the thrombosed portal vein via the transjugular route is technically more di�cult, requiring
more needle puncture passes, which may be accompanied by higher bleeding complications if intrahepatic arterial or capsular
punctures occur. In addition, the rationale of creating a transjugular porto-systemic shunt (TIPS) in non-cirrhotic PMVT patients is
still a matter of on-going debate. In a recent report, Benmassaoud et al proposed a stepwise thrombolysis regimen, applying local
CDT in acute PMVT patients after the failure of initial systemic thrombolysis (ST), which occurred in 63% of their patients7. From
the point of view of thrombus management, the earlier CDT is started, the higher the recanalization rate and the better the clinical
outcomes can be achieved, as long as the technique of CDT is safe and easy to accomplish. Herein, we report our interventional
technique, treatment strategy and clinical outcomes in managing non-cirrhotic PMVT with our pharmaco-lytic regimen by primary
local CDT via the transhepatic route.
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Patients and Methods
Sixteen non-cirrhotic patients (male: 12, female: 4) with PMVT were enrolled from 2004 to 2020 with a mean age of 48.6 ± 23.2
years old (range: 9-96 years). Cirrhosis was excluded on the basis of the absence of causes for chronic liver disease, with normal
results from liver function tests (Child-Pugh classi�cation A). 9 patients (56.3%) had an identi�able risk factor (myeloproliferative
disorder in 3, antithrombin III de�ciency in 2, and antiphospholipid antibody syndrome, protein C de�ciency, nephrotic syndrome,
and pancreatitis in 1 patient each). All patients had complete venous occlusions involving both the portal veins (PV) and
mesenteric veins (MV). 3 patients had occlusions localized at the con�uent junction of the main portal vein (MPV) and superior
mesenteric vein (SMV); 4 patients had thrombus extension to the intrahepatic PV and segmental MV branches; and 8 patients had
simultaneous thrombus involvement from the peripheral venules of the intrahepatic PV to the peripheral MV close to the venous
arcade. In the remaining patient, the peripheral venules of the intrahepatic PV were involved, but the peripheral mesenteric venules
were spared.

In 9 patients, the time from clinical presentation to treatment was less than 2 weeks; in 3 patients, less than 4 weeks; and in the
remaining 4 patients, longer than 4 weeks. 8 patients developed periportal collaterals (cavernoma) on computed tomography (CT)
images. Of these 8, 4 patients had initial subclinical PMVT symptoms with acute exacerbation.

8 patients had ascites, whereas bowel wall thickening on the CT images was seen in 15 patients and bowel wall thinning in 1
patient, indicating impending bowel ischemia. The main presenting clinical symptoms included abdominal pain in 11 patients,
hematemesis in 2 patients, tarry stool in 2 patients, and fever of unknown origin in 1 patient. Interventional treatment was
indicated after surgical consultation. Patient demographic data are summarized in Table 1.

Patients were excluded if they showed evidence of liver cirrhosis or malignancy on initial cross-sectional imaging or a
contraindication to thrombolysis, including major surgery within the preceding 2 weeks, current active bleeding, allergic reaction to
urokinase, �brinogen under 150 mg/dL (normal range: 200-400 mg/dL) or platelet count under 50,000/mL.

This study was conducted in accordance with the Declaration of Helsinki. All patients gave informed consent before the
procedure, and approval from the Institute of the Review Board of Kaohsiung Veterans General Hospital was obtained for this
retrospective study.

Thrombolysis technique
Under sonographic guidance, transhepatic needle puncture of the intrahepatic PV was performed. For the left portal approach, the
umbilical segment (either patent or thrombosed) of the left PV was the entry target for puncture by an 18-gauge, 20cm needle. For
the right portal approach, the patent peripheral PV was punctured with a 21-gauge �ne needle, or the thrombosed right segmental
PV was punctured with an18-gauge needle if the peripheral portal venules were also thrombosed. A 0.035-inch hydrophilic
guidewire (Terumo, Tokyo, Japan) and 4F angio-catheter (RC1, Cordis, CA; J-curve, Terumo) was used to navigate through the
occluded venous segments into the patent mesenteric vein.

For patients with localized PMVT, balloon-expandable bare-metal stents (BMS) were directly deployed via a 6-F, 25cm vascular
sheath (Terumo, Tokyo) and followed by a short-term urokinase infusion (30,000 IU/hour), if necessary.

For patients with extensive PMVT, 240,000 IU urokinase (diluted with 10 ml normal saline) was initially injected with a 1 cc syringe
through the angiocatheter along the thrombosed main PMV (0.5 cc for each forceful injection). After 5-10 minutes’ urokinase
retention in the thrombosed vessel, catheter aspiration (6F-Envoy, Codman, Johnson & Johnson or 7F-Mach I, Boston Scienti�c)
and balloon dilation (6-8mm in diameter) were performed. Afterwards, a continuous urokinase infusion (30-60,000 IU/hour
concomitant with heparin 300-400 IU/hour) was given via an infusion catheter (Multi-Sideport infusion catheter, Cook,
Bloomington, IN; Fountain, Merit, Utah) in the ordinary ward. Angiographic follow-up evaluations with catheter thrombus
aspirations and balloon dilation were repeated every 2-3 days. If the peripheral mesenteric venules were involved, an intra-arterial
urokinase infusion (30,000 IU/hour) via the superior mesenteric artery (SMA) was given 3-5 days after transhepatic thrombolysis.
Bare metal stents (BMS) of 6-10mm in diameter were deployed for recurrent/residual stenosis. TIPS creation was considered in
order to decrease the peripheral resistance and increase the out�ow volume in patients with poor recanalization of the intrahepatic
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portal �ow after 7-10 days transhepatic porto-mesenteric thrombolysis. A 10 mm-diameter BMS was used for TIPS establishment.
Continuous CDT was performed using an infusion or a conventional catheter until improvement was satisfactory. Intensive
monitoring was not necessary during the treatment by this thrombolytic regimen.

Systemic heparinization (3000 IU) and prophylactic antibiotics (cephalexin, 500mg) were given after successful recanalization
into the distal patent MV. The patients’ coagulation status, including international normalized ration (INR), active partial
thromboplastin time (aPTT) and �brinogen level, was checked before the procedure and every 2-3 days during thrombolysis. If the
�brinogen level fell below 150 mg/dL, it was checked every day. Fresh frozen plasma transfusion was indicated if the �brinogen
level dropped to less than 100 mg/dL. Anticoagulation therapy for at least 6 months was prescribed after discharge.

The degree of clot lysis after treatment was divided into partial recanalization (PR) or complete recanalization (CR). CR
represented greater than 90% clot removal in the mesenteric veins and main portal vein. The degree of lysis in each case was
determined in a nonblinded fashion with use of imaging studies, primarily direct and indirect portography by a single
interventionalist. Complications were de�ned as “major” if the duration of hospital stay was extended or treatment was required.
Portal vein pressures or portosystemic gradients were not systematically measured in this study.

Statistical analysis
Continuous variables are presented as median plus range, or as mean ± 1 standard deviation. Categorical items were expressed as
the total value and percentage (%). Pairs were compared utilizing the Wilcoxon-signed rank test. Nominal variables are given as
counts and percentages. Primary PV-patency was de�ned as time from intervention to �rst PVT recurrence and secondary PV-
patency as time from intervention to permanent technical failure. Kaplan–Meier survival curves were used to measure primary and
secondary patency rates. A P value of <0.05 was considered statistically signi�cant. Statistical analysis was done using
commercially available statistical software (version 17.0; SPSS, Chicago, IL, USA).

Results
The transhepatic route was adopted in all patients, with a right portal approach in 10 patients and a left portal approach in 6
patients. Additional mesenteric arterial route for indirect thrombolytic infusion was performed in 8 patients. TIPS was created in 3
patients, of which 2 were of the afore-mentioned 8 with additional mesenteric arterial infusions.

Of the 3 localized PMVT patients (Patients 1, 8 and 15), direct BMS (7-10mm in diameter) were deployed with additional urokinase
infusions (0.4 and 1.2 million IU urokinase in 6 and 20 hours apiece) in 2 patients. Complete recanalization (CR) was noted in all 3
patients on the complete venograms. Patient 8, a 96-year-old patient, died in his sleep 1.5 months after the procedure. Patient 1
was lost to follow-up 4 months after his discharge. Patient 15’s stent was patent on his 8-month CT follow-up.

5 patients (Patients 2, 5, 6, 11 and 16) without peripheral mesenteric venules involvement underwent continuous urokinase
infusion (mean:7.1±4.3 million IU, range: 2.4-12.9 million IU), repeated balloon dilation, catheter thrombus aspiration and BMS (7-
10 mm in diameter) placement for 3-15 days’ treatment duration. CR (Fig. 1) was achieved in all the 5 patients with TIPS creation
at the 10th procedure day to lower the out�ow resistance in 1 patient (Patient 16) (Fig. 2). Patient 5 had recurrent gastric variceal
bleeding 8 months after the procedure and underwent balloon dilation of the vascular stenosis in the right intrahepatic portal vein.
This patient had recurrent bleeding again at 23 months. She then received endoscopic N-Butyl cyanoacrylate (NBCA) injection.
Unfortunately, the sclerosing agent spilled out, resulting in total occlusion of the PMV. The other 4 patients had patency of their
PMVs at their 2-128 months imaging follow-up.

The 8 patients with peripheral mesenteric venules involvement received both transhepatic and mesenteric arterial route
approaches. One female patient (Patient 7), who suffered intermittent abdominal pain for 2 months, refused further local CDT and
was shifted to systemic anticoagulant therapy on the 3rd day. She died of ischemic bowel complications on the 9th day. This
patient was excluded from later analysis. The other 7 patients underwent continuous urokinase infusion (mean:11.2±5.6 million
IU, range: 4.5-20.4 million IU), repeated balloon dilation, catheter thrombus aspiration, and BMS (6-10 mm in diameter) placement
for 6-30 days’ treatment duration (mean:13.0±9.1days). CR was achieved in 4 patients (Patients 3, 4, 10 and 13; see Figs. 3 and 4)
and was free of symptoms for up to 118 months’ follow-up. 3 patients had poor recanalization of the intrahepatic portal venules.
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Of them, TIPS creation was performed in 2 patients (Patient 9 at the 7th day and Patient 12 at the 11th day). Although the PMV
were angiographically patent in these 2 patients but with slow �ow demonstrated, Patient 12 complicated with ischemic bowel
and died on the 30th day. Patient 14 refused additional TIPS creation, and although we prolonged the local CDT treatment
duration to 30 days, we still failed to recanalize the peripheral intrahepatic portal venules, resulting in the re-thrombosis of the
major PVs. Although no ischemic bowel was complicated, this patient still complained of intermittent abdominal pain clinically
after discharge.

The overall technical success of recanalization in the 15 patients with full courses of treatments was 100% with CR in 12 patients
(80.0%) and PR in 3 patients (20.0%). The 30-day mortality rate was 6.7% (1 patient). Of the 3 PR patients, one patient (Patient 12)
died on the 30th day, and the remaining 2 patients showed re-occlusion of the MPV but with patency of the MV (Patient 9 and 14).
As for the 12 CR patients, one 95-year-old patient died at 1.5 months after the procedure without imaging follow-up, one patient
complicated with total occlusion of the portal vein after her endoscopic NBCA injection, the other 10 patients present free of
symptoms for 4-150 months’ clinical follow-up (median: 64.5 months). The treatment techniques and clinical outcomes of these
16 patients are listed in Table 2. Excluding the 2 patients without follow-up images and 1 patient refused further local CDT, the
overall 1- and 2-year primary and secondary patency of the PMVT in the 13 patients with 1-128 months (median: 23 months)
imaging follow-up were 74.0% and 84.6%, and 74.0 % and 84.6%, respectively (Fig. 5).

Discussion
PMVT was previously thought to have an incidence of 1.8 persons per 100,000, according to autopsy studies such as Acosta et
al’s16. With improvements in diagnostic modalities, the incidence rate has been upgraded to 2.7 persons per 100,000 17. Various
etiological factors have now been identi�ed in relation to PMVT. The most common etiology includes malignancy (27%) and
cirrhosis (24%) 18. Myeloproliferative disorders (MPD), leukemia/lymphoma, in�ammatory bowel disease, pancreatitis,
postoperative issues (e.g., post-liver transplant, post-splenectomy), sepsis, connective tissue disorders, and various thrombophilic
disorders are also common risk factors for PMVT 5,18. Amongst the thrombophilic states, primary MPD’s are the most common, in
30.5%19. Thrombosis of the larger distal portions of the mesenteric vein is mostly secondary to local factors, such as malignancy,
pancreatitis and infection, while thrombosis that originates from the vena recta is most-commonly related to a prothrombotic
state3. Infarction of the bowel mostly requires involvement of the venous arcades and vasa recta17,20.

Current guidelines recommend early anticoagulation for at least six months as the standard treatment for acute PMVT5,6.
Following early anticoagulation, recanalization occurs in 35–45.4% 21. In the EN-Vie prospective study, wherein 102 patients were
enrolled, the 1‐year recanalization rates were 38% and 61% for the portal and superior mesenteric veins, respectively22. However,
complete recanalization was less frequent and was only achieved in 20% of patients (19/95) with cavernoma development in
19.9–- 40%21,22. Furthermore, thrombus resolution is rare in patients with higher degrees of PMVT, ascites, and the presence of
more than one prothrombotic risk factor 5,22−24. In such an emergency situation, local CDT was done with success in some small-
series studies, either through the transjugular route (with or without TIPS creation), a percutaneous transhepatic or transsplenic
route, or a transileocolic venous route (either intraoperatively or indirectly via the superior mesenteric artery)7–10, 13,25–28. In a
retrospective comparative study of 34 acute PMVT non-cirrhotic patients, Liu et al concluded that indirect thrombolysis via the
SMA was safer and more effective than systemic thrombolysis (ST) 28. Another paper reported that the recanalization effect of
direct thrombolysis is better than that of indirect treatment (14.3% partial recanalization)10. Hollingshead et al recommended a
combined direct and indirect thrombolysis simultaneously for more extensive PMVT patents9. In this study, we started the
adjunctive mesenteric arterial thrombolytic infusion in PMVT patients with peripheral mesenteric venules involvement at 3-5 days
after the transhepatic treatment with partial recanalization achieved, in order to avoid high concentrations of urokinase retention
in the intestinal mucosa, which might carry higher potential risk of intestinal bleeding and also to shorten the femoral arterial
indwelling time and patients’ discomfort.

Smalberg et al 15 and Hollingshead et al 9reported major-procedure-related bleeding complications in 50% and 60% respectively of
patients treated with local intravascular thrombolysis via the transhepatic approach and/or indirect thrombolysis via the SMA 9.
Thereafter, the transhepatic approach was regarded as unsafe, and the transjugular approach (with or without TIPS creation)
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became the mainstream approach for direct local thrombolysis 9,29. It is worth noting that the dosages of thrombolytic agents
used in these two studies (100,000-240,000 IU/hour urokinase concomitant with 1250 IU/hour heparin in Hollingshead’s series 9

and rtPA of 2–4 mg/hour in Smalberg’s series 15) were much higher than those of other series (60.000 IU urokinase or 1 mg rtPA
per hour rtPA) 7,10,13 and the present study (10,000-60,000 IU/hour urokinase with 300-400 IU/hour). The different dosages could
themselves explain the different bleeding complicating rates, rather than the different approach routes. Even in Rabu� series 14,
they adopted the transhepatic route to treat 3 acute PMVT patients by a 10-Fr atherectomy device and followed by infusion of
80,000-100,000 IU urokinase per hour without bleeding complication encountered. Accordingly, we can conclude that the major
bleeding complication of the thrombolytic therapy is more dose-related other than the transhepatic route approach.

The rationale of creating a low pressure system in TIPS is to act as a vacuum for clot fragments and improve the effectiveness of
thrombolysis in managing PMVT 30. In theory, TIPS creation in the non-cirrhotic patients is not physiological. Moreover, it is more
di�cult to create TIPS in the presence of portal vein thrombosis. For the safety of ensuing thrombolytic therapy, techniques with
fewer needle puncture passes should be adopted. Surveying previous studies shows that the technical success rate of TIPS in
patients with PMVT can be signi�cantly variable, ranging from 35–83%11,25,26,30−34. Qi et al reported that TIPS was successfully
placed in 35% (7/20) of their patients with MPV thrombosis, via a transjugular approach alone in 1 successful patient (5%) and a
combined transjugular and transhepatic or transsplenic approach in the other 6 successful patients 26. Chen et al proposed a
transhepatic balloon-assisted technique to facilitate TIPS creation in the MPV occluded cirrhotic patients and reported 77.8%
technical success with exclusion of mesenteric venous occlusion 33. Fanelli et al used a thin (21 G) TIPS-set needle with multiple
blind punctures under �uoroscopic guidance with technical success of 83% 25. In Luo et al’s series, TIPS placement was
technically successful in 73.3% (11/15) of patients, and all successful cases had either a patent SMV or a large porto-porto
collateral vein 11. The conclusions of such studies were that TIPS was not recommended in patients with a total �brotic cord
and/or without a large collateral vein or in those with extensive superior mesenteric vein thrombosis 34. Benmassaoud et al
reported two major complications of subcapsular hematoma and hepatic encephalopathy during or after TIPS creation, out of a
total of 22 patients 7. In our series, 100% technical success of the transhepatic approach was achieved, without any procedure-
related major bleeding complications. Meanwhile, although patients with cirrhosis were excluded from the present study, none
were excluded from this study due to thrombus extension, �brotic cord of MPV or cavernoma formation.

Portal vein thrombosis is classi�ed based on the clinical and imaging presentation (acute or subacute vs chronic; benign vs
malignant, and intrahepatic vs extrahepatic extent). These classi�cations guide therapy and have prognostic implications 29.
Although current guidelines recommend early anticoagulation as the standard treatment for acute PMVT 5,6, the de�nition of acute
PMVT is ambiguous. Parikh et al 35 considered acute PMVT as symptoms develop < 60 days before presentation, and there is no
clinical, radiological, or endoscopic evidence of portal hypertension or collateral circulation. Singal et al 36 stated that acute MVT
is characterized by symptomatic presentation within 24 to 72 hours of thrombus formation with sudden onset of symptoms,
whereas subacute MVT presents during days to weeks of nonspeci�c symptoms. Chronic PMVT usually presents with
complications of portal hypertension or may be detected as an incidental �nding on computed tomography (CT) imaging (28.1%)
23,36. As the symptoms of chronic PMVT may be acutely exacerbated due to thrombus progression into the peripheral mesenteric
veins, it is imperative to reestablish porto-mesenteric blood �ow as soon as possible. Benmassaoud et al proposed a stepwise
protocol by using systemic anticoagulation or thrombolysis �rst and then followed by local CDT for treatment-resistant patients 7.
In their series, the average duration before initiation of CDT was 4 days, stating that longer intervals would be associated with a
decreased chance of recanalization, leaving the patient at risk of progressive intestinal ischemia and long-term sequelae of portal
hypertension. As complete recanalization from systemic therapy was only achieved of 13.6% (3/22) of their patients 7, and our
protocol of transhepatic CDT under ultrasonographic guidance puncture with tailored thrombolytic regimen carries few risks, it is
our recommendation that primary local CDT should be started as soon as possible once the diagnosis of PMVT is made, even
under the circumstance that the thrombus might be chronic. Two previous articles, focusing on managing the chronic non-cirrhotic
portal venous thrombosis via TIPS and metallic stenting without infusions of thrombolytic agents 11,26, reported the technical
success of 35% in one series 26 and 50% in the other series if the mesenteric vein were also involved. To our best knowledge, the
present study reports the �rst experience of managing including the chronic PMVT by local CDT with a tailored dosage (e.g.
240,000 IU urokinase for pulse-spray injection and 60,000-30,000 IU per hour for even up to 30 days’ continuous infusion) without
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the need of intensive monitoring. The experience of clinical success to dissolve chronic thrombus is similar to some previous
reports on chronic arterial occlusive disease 37 and chronic PTFE graft occlusion in hemodialysis patients 38.

Previous studies have shown recanalization rates of CDT for PMVT ranging from 52.3–94.1%, with complete recanalization of
6.3–52.9% 9,13,39−42. Klinger et al reported that the one- and two-year secondary PV patency rates in 17 consecutive acute non-
cirrhotic PMVT patients were both 88.2% without signi�cant difference in patients with TIPS-implantation at the end of
thrombolysis compared to patients without TIPS-implantation (p=0.2) 13. In our series, the overall successful recanalization rate of
the PMVT patients was 100% (15 patients) with complete recanalization in 80.0% (12/15 patients). The 2 patients with partial
recanalization even after TIPS creation eventually showed re-occlusion of the PMV. All PMVT patients in the present study with
complete recanalization showed good long-term patency. As a result, completely recanalizing the thrombosed PMV should be the
goal of this treatment strategy with TIPS creation only for recanalization failure of the intra-hepatic portal �ow in these non-
cirrhotic PMVT patients. The overall one- and two-year secondary patency rates in our series were both 84.6%.

Limitations
Firstly, our study was limited due to the retrospective, non-controlled study design and a small study population of the non-
cirrhotic PMVT. Unfortunately, this is the reality when studying a rare disease associated with signi�cant morbidity, mortality, and
limited therapeutic options. Secondly, thrombectomy devices were not used to accelerate the clearance of acute or subacute
thrombi in our study, as they are expensive and a clinically acute presentation may be actually be caused by a chronic thrombus
with acute clinical exacerbation. The real clinical bene�ts of the thrombectomy devices in these patients may be limited. Lastly,
the long-term vascular patency, especially of the partially recanalized PMV, cannot be determined from such a small patient group.

Conclusion
Acute clinical presentations of PMVT do not re�ect the actual thrombus stage. Local CDT can be performed as a primary salvage
treatment once the diagnosis is made. The goal of treatment strategy for PMVT should be to achieve complete recanalization.
CDT via the transhepatic route with a tailored thrombolytic regimen is safe and effective in both acute and chronic PMVT. TIPS
creation can be preserved for non-cirrhotic PMVT patients only if recanalization failure of the intrahepatic PVs.
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Tables
Table1. Demographic data of the 16 PMVT patients
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No Sex Age symptoms onset etiology a/c cavernoma wall
edema

ascites peripheral
venules

1 M 69 abdominal
pain

3 days unknown acute nil y nil nil

2 F 9 abdominal
pain

6
months

nephrotic
syndrome

chronic y y y nil

3 M 37 abdominal
pain

7 days antiphospholipid
antibody
syndrome

acute nil y nil PV+MV

4 M 47 abdominal
pain 

14
days

unknown acute nil y nil MV

5 F 11 variceal
bleeding

3 years protein C
de�ciency

chronic y y y nil

6 M 26 variceal
bleeding

4
months

myeloproliferative
disorder

chronic y y nil nil

7 F 73 abdominal
pain 

2
months

unknown chronic y y nil PV+MV

8 M 96 tarry stool 12
days

unknown chronic nil y nil nil

9 M 35 abdominal
pain

26
days

myeloproliferative
disorder

subacute y y y PV+MV

10 M 40 abdominal
pain 

3 days antithrombin III
de�ciency

chronic y y y PV+MV

11 M 76 fever of
unknown
origin

14
days

antithrombin III
de�ciency

acute nil thinning nil PV

12 M 49 abdominal
pain 

2 days myeloproliferative
disorder

acute nil y y PV+MV

13 M 59 abdominal
pain

4 days unknown chronic y y y PV+MV

14 F 51 abdominal
pain 

14
days

unknown subacute nil y y PV+MV

15 M 56 tarry stool 23
days

pancreatitis chronic nil y y nil

16 M 44 abdominal
pain

22
days

unknown chronic y y nil PV

M: male; F: female

Table2. Technical perspectives and clinical outcomes of the 16 PMVT patients 
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No route L/R lysis
days

UK dose
(million)

BMS size
(mm)

recanalization follow-up
image

status survival

1 TH R 0.4 0.4 7x60 CR CT-1m   patent 4m-lfu

2 TH R 12 6.8 8x100(2) CR US-128m patent 150m

3 TH+SMA L 9 8.6 6x120 CR CT-105m  patent 119m

4 TH+SMA L 3 4.5 6x60 CR CT-79m patent 110m

5 TH R 6 2.4 8x60 CR US-8m  stenosis 106m

6 TH R 13 9.6 8x100 CR CT-26m patent 105m

7 TH+SMA R 2 2.8 nil refused
further CDT

nil excluded expired-9
days

8 TH R 3 x 7x60 CR nil uncertain expired-
1.5m

9 TH+SMA+TIPS R 19 16.4 8x80 PR CT-1m  re-
occluded

2m-lfu

10 TH+SMA L 12 11.6 nil CR CT-65m patent 68m

11 TH L 3 3.6 8x37 CR US-36m patent 41m

12 TH+IMA+TIPS R 12 10.8 10x80 PR nil uncertain expired-
30 days

13 TH+SMA L 6 6.4 nil CR MR-15m patent 25m

14 TH+SMA R 30 20.4 8x40 PR: refused
TIPS

CT-1m re-
occluded

18m

15 TH R 1 1.2 10x37 CR CT-5m patent 14m

16 TH+TIPS L 15 12.9 8x60 CR CT-2m patent 5m

TH: transhepatic; SMA: superior mesenteric artery; TIPS: transjugular intrahepatic porto-systemic shunt; R: right; L: left; UK:
urokinase
BMS: bare-metal stent; CR: complete recanalization; PR: partial recanalization; CDT: catheter-directed thrombolysis; lfu: loss to
follow-up

Figures

Figure 1
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Chronic PMVT in a 9-year-old girl diagnosed with nephrotic syndrome, with complaints of intermittent abdominal pain for 6
months A. CT image revealed diffuse PMVT B. Transhepatic portogram con�rmed CT �ndings. Arrow: cavernoma C. Upper:
splenic vein (SV) thrombosis. Lower: SMV thrombosis. D-E: Transhepatic portograms showed recanalization of the SMV, SV, MPV
and intrahepatic portal veins after continuous urokinase infusion (total dose of 6.8 million IU for 12 days’ infusion), BMS
placement (8x100 mm) and repeated balloon dilation. This patient had been symptom-free for more than 10 years at the time of
writing, with patent vascular �ow on the last color Doppler ultrasound follow-up 128 months after the procedure.

Figure 2

Chronic PMVT with acute exacerbation in a 44-year-old male patient presenting with abdominal pain for 22 days. A. Transhepatic
portogram revealed diffuse PMVT involving the peripheral venules of the intra-hepatic PV, leaving the peripheral mesenteric
venules spared (curved arrows). B. Transhepatic portogram demonstrated faint partial opaci�cation of the right portal vein (curved
arrow) after continuous urokinase infusion and repeated catheter thrombus aspiration. C. Transhepatic portogram showed
although near complete recanalization of the mesenteric veins and the main portal vein, no further thrombus lysis without contrast
opaci�cation of the intrahepatic portal thrombus was seen. D. A TIPS shunt (curved arrow) was created on the 10th procedure day
to lower the out�ow resistance. E. CT images (sagittal oblique reformation) at 3 months’ follow-up revealed recanalization of the
porto-mesenteric vein with patency of the TIPS shunt (arrows).

Figure 3

A 58-year-old male patient with abdominal pain for 4 days. 5 years prior, he underwent segmental ileal resection due to venous
occlusive ischemic bowel. A. Transhepatic portogram showed extensive PMVT involving the peripheral venules of both the
intrahepatic PV and MV close to the venous arcade. B. Upper: Fluoro-image demonstrated catheter aspiration (6F Envoy catheter)
in the thrombosed PMV. Lower: photograph showed some fresh and old blood clots aspirated out. C. SMA angiograms (venous
phase) failed to opacify the segmental mesenteric veins. D. Transhepatic portogram showed recanalization of the main and
intrahepatic PVs after repeated balloon dilation, catheter aspiration and continuous urokinase infusion via both the transhepatic
portal (6 days’ duration) and transarterial SMA (3 days’ duration) routes. Curved arrow: residual cavernoma E. SMA angiograms
(venous phase) demonstrated re-opaci�cation of the mesenteric veins and portal veins after treatments.
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Figure 4

Chronic PMVT with acute exacerbation in a 40-year-old male patient diagnosed as antithrombin III de�ciency with complaint of
abdominal pain for 3 days. A. Coronal CT image showed total occlusion of the PMV with bowel wall edema and ascites, as noted
on this CT image. There was cavernoma formation (curved arrow) in this acute onset chronic PMVT. B. Transhepatic portogram
con�rmed the CT �ndings of diffuse thrombosis involving the peripheral mesenteric venules (circle) and major and intra-hepatic
portal veins. Curved arrow: cavernoma formation C. Transhepatic portogram revealed recanalization of the mesenteric veins and
major and intrahepatic portal veins after local CDT, via both transhepatic and SMA routes, with the total urokinase dose of 11.6
million IU for 12 days’ infusion. Non-opaci�cation of the cavernoma was noted on the complete portogram. D. Coronal CT image
at 8-month’ follow-up revealed patency of the PMV with normal appearance of the bowel loop.

Figure 5
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The primary and secondary patency of the PMVT after local CDT.


