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Summary

Background: Anticoagulation alone in acute, extensive portomesenteric vein throm-
bosis (PVT) does not always result in spontaneous clot lysis, and leaves the patient at
risk of complications including intestinal infarction and portal hypertension.

Aim: To develop a new standard of care for patients with acute PVT and evidence of
intestinal ischaemia.

Methods: We present a case series of patients with acute PVT and evidence of intes-
tinal ischaemia plus ongoing symptoms despite initial systemic anticoagulation, who
were treated with a thrombolysis protocol between 2014 and 2019. This stepwise
protocol initially uses low-dose systemic alteplase, and in patients with ongoing ab-
dominal pain, and no evidence of radiological improvement, is followed by local clot
dissolution therapy (CDT) through a TIPSS. Outcomes and safety were assessed.
Results: Twenty-two patients were included. The mean age was 44.6 (standard de-
viation [SD] 16.0) years, and 64% had an identifiable prothrombotic risk factor. All
patients had intestinal wall oedema and 77% had complete occlusion of all portomes-
enteric veins. Systemic thrombolysis was started 18.7 (SD 11.2) days after the onset
of symptoms. 55% of patients underwent TIPSS insertion for CDT. At the end of
treatment, symptoms resolved in 91% of patients and recanalisation in 86%. Only
one patient required resection for intestinal ischaemia, and there were no deaths.
Major complications occurred in two patients (9%).

Conclusions: Our stepwise protocol is effective, resulting in good recanalisation
rates. It can be commenced early while organising transfer to a centre capable of
performing local CDT.

The Handling Editor for this article was Professor Gideon Hirschfield, and it was

accepted for publication after full peer-review.

Amine Benmassaoud and Laith AlRubaiy are joint co-first authors.

Aliment Pharmacol Ther. 2019;50:1049-1058.

wileyonlinelibrary.com/journal/apt © 2019 John Wiley & Sons Ltd | 1049


www.wileyonlinelibrary.com/journal/apt
https://orcid.org/0000-0002-0202-2276
mailto:﻿
https://orcid.org/0000-0002-8399-4017
mailto:david.patch@nhs.net
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.15479&domain=pdf&date_stamp=2019-09-05

1050 X .
W1 LE Y— AP Alimentary Pharmacology & Therapeutics

1 | INTRODUCTION

The development of acute portomesenteric vein thrombosis (PVT)
is associated with significant morbidity and mortality. Its outcome
is however unpredictable with 30-day mortality ranging from 0% to
20%.12 This difference likely reflects differences in clot distribution,
clot volume, speed of onset and presence of radiological features of
intestinal ischaemia. Feared acute complications include intestinal
infarction, peritonitis and death from multiorgan failure, while com-
plications related to portal hypertension, such as variceal bleeding
and ascites can occur over the long term.>® In order to decrease the
risk of acute or chronic complications, it is imperative to reestablish
portomesenteric blood flow as soon as possible. Low recanalisation
rates and complete occlusion are associated with the development
of portal hypertension.4

As recommended by the European Association for the Study of
Liver (EASL) and the American Association for the Study of Liver, the
current mainstay of therapy for acute PVT is anticoagulation with
unfractionated (UFH) or low molecular weight heparin (LMWH), in
the absence of contraindications.>® This recommendation is based
on prospective and retrospective cohort studies, where early anti-
coagulation led to improved rates of recanalisation.” In the EN-Vie
prospective study where 102 patients were enrolled, the 1-year re-
canalisation rates were 38%, 54% and 61% for the portal vein or its
branches, the splenic vein and the superior mesenteric vein (SMV)
respectively.® However, complete recanalisation was less frequent,
and only achieved in 19 out of the 95 of patients.8 In this cohort,
the presence of ascites and splenic vein thrombosis was adverse
prognostic features. Recanalisation did not occur in the 19 patients
with splenic vein thrombosis and ascites.® Additional risk factors as-
sociated with the failure of recanalisation include complete vessel
occlusion, presence of a myeloproliferative disorder and signs of
portal hypertension at diagnosis.9 Although not consistent amongst
all studies, the identification of intestinal wall oedema, decreased
bowel enhancement, small bowel dilatation and ascites were all
associated with increased risk of intestinal infarction and/or resec-
tion.1%12 Therefore, the combination of intestinal wall oedema and
ascites in patients with acute PVT and ongoing abdominal pain likely
identifies a high risk group in whom optimal management has yet to
be established.

In an attempt to improve the outcomes in these high-risk pa-
tients, case reports and small case series have described a variety of
interventions, including local thrombolysis through a transjugular or
transhepatic route.” Unfortunately, most of these do not use a stan-
dardised protocol and include a small number of patients.7 Thus, due
to the poor level of evidence at this stage, EASL guidelines do not
recommend specific therapies beyond therapeutic anticoagulation
and suggest expert review where available.’

Although the evidence is still heterogeneous in acute PVT,
systemic thrombolysis remains an attractive treatment option.
Alteplase (tPA), a recombinant human tissue-type plasminogen ac-
tivator, remains relatively inactive in the circulation and is activated

once bound to fibrin converting plasminogen to plasmin.t® This latter
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step accelerates endogenous clot lysis. In the context of arterial
events, it is typically instituted with bolus doses with a view to rapid
clot lysis and reestablishment of perfusion as in the case of stroke
and myocardial infarction.'*” There is also growing evidence for
its use in massive deep vein thrombosis and submassive pulmonary
embolus.'®

The major side effect of thrombolytic therapy is bleeding, in par-
ticular intracranial bleeding. The use of low-dose tPA infusion has
been proposed to reduce the risk of treatment-related complica-
tions. It is associated with less bleeding complications in the context
of acute ischaemic stroke, while it is associated with similar outcome
and less complications in patients with acute massive pulmonary
embolus.}”?° As a consequence of the improved safety profile, its
use has been extended to the paediatric population in the manage-
ment of deep vein thrombosis.??

Following the death of a patient with acute PVT in our institu-
tion, we recognised that there was a therapeutic void in the man-
agement of these patients, with no intervention filling the space
between anticoagulation, and laparotomy with intestinal resection.
We therefore developed a stepwise treatment protocol for patients
with indirect evidence of intestinal ischaemia from acute PVT using
initial low-dose systemic thrombolysis followed by local thromboly-
sis through a transjugular portal vein access. In this paper, we pres-
ent the efficacy and safety of our protocol.

2 | METHODS

2.1 | Study population

We reviewed all adult patients who were treated with our locally ap-
proved stepwise thrombolysis regimen in the context of acute PVT
and evidence of intestinal wall oedema between 2014 and 2019 at
our centres (Royal Free Hospital, London or Addenbrooke's Hospital,
Cambridge, UK). Inclusion and exclusion criteria were pre-deter-
mined during the elaboration of the protocol and are described in
further detail below.

2.2 Description of portal vein thrombosis and
definitions

Diagnosis of PVT was based on contrast-enhanced computed
tomography (CT). Cross-sectional imaging was then reviewed by
expert radiologists and hepatologists. The extent of thrombosis
was described as being either occlusive or non-occlusive, while
its location was based on its anatomical location, including the
main portal vein, its right and left branches, splenic vein and SMV.
Other important radiological findings such as the presence of
cavernomatous transformation or portosystemic collaterals, as-
cites, intestinal wall oedema with “halo” appearance, pneumatosis
intestinalis and pneumoperitoneum were recorded.?? Although
intended for patients with cirrhosis, the recently proposed Sarin
anatomico-functional classification of PVT was used to describe
the clot burden.?
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2.3 | Treatment protocol

2.3.1 | Patient selection for systemic thrombolysis

Our treatment protocol is described below, and is summarised in
Figure 1. All patients had to have been initially treated with anti-
coagulation therapy alone, as standard of care. Patients with acute
PVT with ongoing abdominal pain and persistent evidence of intes-
tinal wall oedema, in the absence of perforation, despite antico-
agulation alone were transferred to our centre and considered for
treatment with our low-dose systemic thrombolysis protocol. PVT
was considered acute if patients had ongoing abdominal pain which
started within the last 30 days. Patients with evidence of caver-
nomatous transformation were excluded from this reported series.
Patients were also excluded if they had cirrhosis, evidence of ma-
lignancy on initial cross-sectional imaging or a contraindication to
thrombolysis including major surgery within the preceding 2 weeks,
central nervous system surgery or ischaemia with bleeding within
preceding 4 weeks, previous cerebral haemorrhage in the preceding
12 months, current active bleeding, allergic reaction to thrombolytic,
fibrinogen under 1.0 g/L or platelet count under 50 000 x 10%/L.

2.3.2 | Systemic thrombolysis protocol

Written and informed consent was obtained from all patients before
initiation of our protocol. Patients were admitted to a “High-Care”
area on the Hepatology ward, under the care of hepatologists. An
early request for a peripherally inserted central venous catheter was
made. Intravenous tPA was started at a dose of 0.05 mg/kg/h, up to
a maximum of 4 mg/h for 72 hours. Initially all patients received con-
comitant UFH at a dose of 12 units/kg/h. A weight-based nomogram
was followed for dose adjustment of the UFH infusion to target acti-
vated partial thromboplastin time (aPTT) ratio <1.8. Because of dif-
ficulties achieving target aPTT ratios, the protocol was subsequently
amended and LMWH replaced UFH. Tinzaparin was used at a dose
of 100 units/kg injected subcutaneously twice daily. Tinzaparin
therapy was adjusted to maintain an anti-Xa peak level between 0.5
and 0.6 U/mL and a trough of 0.3 U/mL. The protocol was evaluated
and passed by the hospital's Drug and Therapeutics Committee.

2.3.3 | Safety monitoring of systemic thrombolysis

Patients were frequently monitored for bleeding from any site, in-
cluding sites of venipuncture and indwelling catheters. Blood sam-
ples were obtained three times per day and included a full blood
count, fibrinogen level, aPTT ratio, prothrombin time, international
normalised ratio (INR), liver enzymes, urea and electrolytes and
anti-Xa level when appropriate. Thrombolysis infusion was stopped
if fibrinogen was under 1.0 g/L, platelet count <50 000 x 10%/L, con-
tinuous bleeding from venipuncture site, or massive haemorrhage.
Alteplase could be reinitiated at 50% of the previous dose once the

fibrinogen level was above 1.0 g/L unsupported.
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2.3.4 | Efficacy monitoring of systemic thrombolysis

Infusion of tPA was planned to continue for 72 hours and up to
7 days. Re-evaluation of the PVT with contrast-enhanced CT was
repeated after 48-72 hours of thrombolysis or earlier if there was a
change in the patient's condition.

2.3.5 | Patient selection for local CDT

Following repeat cross-sectional imaging at 48-72 hours, patients
with ongoing abdominal pain and persistent evidence of intestinal
ischaemia or lack of improvement in clot burden were considered
for local clot dissolution therapy (CDT) after discussion between
Interventional Radiology and Hepatology during multidisciplinary
meetings. In patients with early symptomatic response and evidence
of radiological improvement, systemic tPA was continued for up to
7 days.

2.3.6 | Local CDT protocol

Written and informed consent was obtained from patients before
proceeding with any local CDT. All procedures were performed
under general anaesthesia. Systemic thrombolysis and anticoagula-
tion were interrupted for a minimum of 4 hours ahead of the inter-
vention. Local CDT was performed using a transjugular approach
with creation of an intrahepatic portosystemic shunt (TIPSS). An ul-
trasound-assisted technique was used to facilitate TIPSS insertion,
as described in a previous publication.?* The rest of the TIPSS in-
sertion technique did not differ from established standards.?> Once
the covered stent was deployed, local thrombolysis was performed
using fountain catheters or conventional catheters with infusion of
tPA at a dose of 1 mg/h until satisfactory improvement. Mechanical
or aspiration thrombectomy was performed using the EKOS system
(BTG Interventional Medicine), Angiojet peripheral thrombectomy
system (Boston Scientific), Trellis system (Medtronic) or Penumbra
system (Penumbra Inc), as available. Following this, sedation was
weaned and patients were extubated but transjugular central ve-
nous access was maintained for 24 hours to allow direct portal angi-
ography on the following day. Re-intervention was performed at the
same time with CDT if judged necessary based on the angiography

results.

2.4 | Outpatient follow-up

Following treatment for acute PVT, patients were discharged on
long-term anticoagulation initially with LMWH and then transi-
tioned to Warfarin. In a subset of patients, including those with
JAK2v617f mutation, Aspirin was added at a dose of 75 mg once a
day. Abdominal ultrasound with Doppler or contrast-enhanced CT
was performed regularly, with subsequent angiography or TIPSS re-

intervention as dictated by clinical picture.
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Low-dose systemic thrombolysis in the treatment of acute portomesenteric
venous thrombosis (PVT) with evidence of intestinal ischemia

Acute PVT with on-going abdominal pain and evidence of intestinal wall edema,
in the absence of evidence of perforation,despite trial of anticoagulation therapy

l

Rule out contraindications*. Obtain patient’s consent

l

Systemic thrombolysis

I

e Intravenous alteplase at a dose of 0.05 mg per kilogram (kg)
per hour (h), up to a maximum of 4 mg/h

e Tinzaparin at a dose of 100 units/kg bid

*Contraindications: major
surgery within the preceding
2 wk, central nervous

system surgery, or ischaemia
with bleeding within
preceding 4 wk, previous
cerebral haemorrhage in the
preceding 12 mo, current
active bleeding, allergic
reaction to thrombolytic,
fibrinogen under 1.0 gm/L, or
platelet count under 50 000 x
109/L

and indwelling catheters.

appropriate

Monitor for bleeding from any site, including sites of venipuncture

Blood tests three times per day for full blood count, fibrinogen
level, aPTT ratio, prothrombin time, international normalized ratio
(INR), liver enzymes, urea and electrolytes, and anti-Xa level when

A 4

1.
2.

Repeat assessment of the PVT with contrast enhanced CT:
After 48 to 72 h of thrombolysis

Earlier if there was a change in the patient’s condition

l

On-going abdominal pain with evidence of intestinal wall edema or
lack of improvement of clot burden assessed by contrast enhanced
cross-sectional imaging

I I

Yes

Continue treatment until resolution up
to7d

Local clot dissolution therapy (CDT) with TIPS
and local infusion of alteplase

| |

On discharge:
1. Long-term anticoagulation initially with LMWH and then transitioned to
Warfarin
2. In a subset of patients, including those with JAK2v617f mutation, Asprin,
at a dose of 75 mg once a day, was added to Warfarin

FIGURE 1 Stepwise thrombolysis protocol for acute extensive portal vein thrombosis
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2.5 | Investigation for haematological disorder

All patients were screened for inherited or acquired haematologi-
cal disorders at the time of presentation and at follow-up, as de-
termined by Haematology. Investigations for myeloproliferative
diseases included analysis for JAK2v617f and calreticulin mutations;
bone marrow biopsy was performed in the stable phase if necessary.
Investigations for thrombophilia included Factor V Leiden mutation,
MTHFR mutation, prothrombin gene mutation, antithrombin Il de-
ficiency, protein C and S deficiency, Factor VIII, lupus anticoagulant,
cardiolipin antibodies, flow cytometry for paroxysmal nocturnal
haemoglobinuria.

2.6 | Study outcomes

2.6.1 | Efficacy outcomes

Our main outcome included the resolution of abdominal pain dur-
ing hospital admission and recanalisation of the portal system.
Recanalisation of the portal system was classified as complete, par-
tial or absent. Complete recanalisation referred to complete absence
of thrombus as determined by contrast-enhanced CT or direct por-
tal angiography, while partial recanalisation was defined as the im-
provement in clot burden without complete recanalisation. Absent
recanalisation meant that there was no improvement in the clot bur-
den despite receiving therapy. Recanalisation was assessed at the
end of the hospital admission for acute PVT after all therapeutic in-
terventions were completed, as described above. Need for surgical
intervention and loss of vessel patency during follow-up were also
recorded.

2.6.2 | Safety outcomes

Protocol safety was assessed in all patients and was divided into
major and minor complications. A major complication was defined
as any complication which resulted in an increase in the level of
care, such as need for surgical intervention, bleeding requiring blood
transfusion, septic complications requiring antibiotic therapy, and
death. Minor complications were comprised of any other complica-
tion which was self-limiting or not classified as above. Treatment in-

terruption for safety concerns was also recorded.

2.7 | Statistical analysis

Descriptive analysis was performed. Baseline characteristics were
expressed as mean (standard deviation [SD]) or median (interquar-
tile range [IQR]) depending on the distribution characteristics, or
numbers (%) for categorical variables, unless otherwise specified.
Normal distribution was assessed using the Kolmogorov-Smirnov
test. Logistic regression analysis was performed in order to identify
predictors of failed recanalisation. Kaplan-Meier curve was con-
structed to show loss of vessel patency over time in patients who

achieved recanalisation, with log-rank test to identify difference
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between those with underlying thrombotic risk factor and those
without. Two-tailed P-value of .05 was used to determine statisti-

cal significance. Data were analysed using SPSS (version 25; IBM).

3 | RESULTS

A total of 22 patients with acute PVT, evidence of intestinal wall
oedema with “halo” appearance, and ongoing symptoms despite an-
ticoagulation therapy were treated with systemic thrombolysis at our
centres using the protocol described above between 2014 and 2019
(Figure 2). The overall median follow-up was 16.9 (SD 14.1) months.
The average patient age was 44.6 (SD 16.0) years and six (27.3%)
were female. A predisposing risk factor was identified in 14 (63.6%)
patients, including 11 (50.0%) with a haematological disorder. Five
patients were found to have a JAK2v617f mutation, while two had
Factor V Leiden mutation, two had a MTHFR mutation and two had
prothrombin gene mutation. Three patients had a local risk factor.
One patient was subsequently diagnosed with a colonic malignancy
8 months after presenting with acute PVT. All patients presented
with abdominal pain, while 11 (50.0%) also presented with vomiting,
and seven (31.8%) with constipation. The median duration of symp-
toms prior to presentation was 12 (IQR 14.2) days, while the average
duration from symptom initiation to start of systemic thrombolysis
was 18.7 (SD 11.2) days. Ascites was present in 14 (63.6%) patients.

Table 1 contains further baseline information.

3.1 | Extentof PVT

The main portal vein was completely occluded in 19 (86.4%) pa-
tients, while the SMV was completely occluded in 21 (95.5%), and
the splenic vein in 18 (81.8%). Overall, 17 (77.3%) patients had
complete occlusion of all major segments of the portomesenteric
system, including the portal vein, its branches, the splenic vein and
the SMV. Simultaneous complete occlusion of the portal vein and
SMV was present in 19 (82.6%) patients. One patient who had a
history of deep vein thrombosis presented with complete occlu-
sion of the SMV alone, intestinal oedema and ascites. At presenta-
tion, collaterals were noted in nine (40.9%) patients. No patient
had a cavernoma at presentation. The Sarin anatomico-functional
classification of portal vein thrombosis at baseline was used and is
shown in Table 2.23

3.2 | Treatment of PVT

All 22 patients included received low-dose systemic thrombolysis
with tPA (Table 3). The median interval between in-hospital diag-
nosis of PVT and initiation of systemic thrombolysis was 4 (IQR 4)
days. The median treatment duration with systemic tPA was 3.4 (IQR
2.7) days. As per standard of care, all patients continued to receive
systemic anticoagulation with either UFH or LMWH.

In the early phase of therapy after systemic thrombolysis and an-
ticoagulation, recanalisation occurred in 8 (36%) patients, of which
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| Patients with acute extensive portal vein thrombosis

FIGURE 2 Patient flow chart

| 30

Patients satisfying inclusion and exclusion criteria

22

Patients treated with systemic thrombolysis

| 22 |

/\

Improvement on
thrombolysis alone

Lack of improvement on
thrombolysis alone

8

14

N

Local clot dissolution

therapy

10

Excluded patients (n = 8):

No evidence of intestinal ischemia (n = 2)

Evidence of cirrhosis (n = 2)

Contraindication to systemic thrombolysis (n = 3)
Evidence of concomittant hepatic vein thrombosis (n = 1)

four were partial and three were complete, while symptoms resolved
in eight (36.4%) patients (Figure S1). In the remaining 14 patients,
11 underwent successful TIPSS insertion for escalation of therapy,
while it was technically not possible in two, and lack of interven-
tional support prevented insertion in the third.

In the 11 patients where TIPSS was successfully deployed, 10 re-
ceived CDT. One patient did not receive local therapy as procedural
portal angiography showed interval improvement in the portomes-
enteric flow, and further intervention was not felt to be required.
This patient experienced symptom resolution with complete reca-
nalisation. All 10 patients treated with CDT experienced resolution
of symptoms and recanalisation of their portomesenteric system
which was partial in three (30%) and complete in seven (70%) pa-
tients (Figure S2).

A median of 3.5 (IQR 2) CT scans per patient was required during
their in-patient stay. For those who underwent TIPSS insertion, a
median of 3 (IQR 2) procedures requiring portal angiography was

performed per patient.

3.3 | Efficacy outcome

Following treatment with systemic thrombolysis with or without
local CDT, 20 (90.9%) patients experienced resolution of abdomi-
nal pain. At least partial recanalisation occurred in 19 (86.4%) pa-

tients with complete recanalisation in 11 (50%) patients as shown

in Table 4. Of the 17 patients with complete obstruction of all
portomesenteric veins in our study, 14 (82.4%) patients had at
least partial recanalisation, with complete recanalisation in seven
(41.2%) patients. Of the 11 patients with both splenic vein ob-
struction and ascites in our study, at least partial recanalisation
occurred in nine (81.8%) patients, with complete recanalisation in
four (36.4%).

Three (13.6%) patients underwent surgical intervention. Only one
(4.3%) required surgery due to failure of therapy. The second patient
required surgery to correct a strangulated umbilical hernia 30 days
after presentation, while the third patient underwent surgery to resect
an ischaemic stricture which was described on initial imaging.

Predictors of failed recanalisation were investigated, but univar-
iate logistic regression analysis did not identify a statistically signifi-
cant variable, including underlying haematological disorder, duration
of symptoms before initiation of therapy, presence of collaterals at

diagnosis or location of thrombus.

3.4 | Recurrent thrombosis or bleeding

Three patients who had initially achieved recanalisation developed
recurrent thrombosis following treatment of the acute episode. Two
of these events were related to interruption of anticoagulation,
while the third was in the context of later identification of colon

cancer. No patients developed bleeding from portal hypertensive
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causes during follow-up. There was no difference in loss of vessel
patency between patients with underlying prothrombotic condition
and those without.

TABLE 1 Baseline patient characteristics

Whole cohort
(n=22)
Age in years, mean (SD) 44.6 (16.0)
Gender, M/F, n 16/6
Follow-up in months, mean (SD) 16.9 (14.1)
Weight in kg, mean (SD) 88.4 (19.4)
Prothrombotic risk factor, n (%) 14 (63.6)
Haematological disorder 11 (50)
Local 3(13.6)
Symptoms, n (%)
Abdominal pain 22 (100)
Vomiting 11 (50)
Constipation 7 (31.8)
Diarrhoea 5(22.7)
Leucocyte count in g/L, mean (SD) 12.0(5.6)
C-reactive protein in mg/dL, mean (SD) 106.0 (69.8)
Presence of intestinal wall oedema, n (%) 22 (100)
Ascites, n (%) 14 (63.9)
Duration of symptoms prior to presentation in 12 (14.2)
days, median (IQR)
Duration of symptoms to treatment in days, mean 18.7 (11.2)
(SD)
Number of CT scans during admissions, median 3.5(2)
(IQR)
Note: Numbers expressed as n (%) and median (IQR).
Abbreviation: IQR: interquartile range.
TABLE 2 Anatomico-functional
description of the portal vein thrombosis
at baseline
Site of PVT

Type 1: only trunk

Type 2: only branch: 2b, both branches
Type 3: trunk and branches

Degree of PVT occlusion

Occlusive

Non-occlusive
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3.5 | Safety outcome

A total of nine (40.9%) patients suffered from complications, seven
(31.8%) of which were minor complications. In the initial phase of
therapy with systemic low-dose thrombolysis, there were no major
complications. All minor complications were related to bleeding from
different sites, including epistaxis, haematuria, oral mucosa and sites
of venipuncture. Major complications occurred in two patients. The
first patient developed a subcapsular haematoma, in the context of a
difficult TIPSS insertion, and, 6 months later, TIPSS-related encepha-
lopathy which resolved after shunt closure. The second patient suf-
fered from a neck haematoma related to jugular vein puncture. Both
patients recovered from these complications. Importantly, no one
developed intracranial bleeding.

Systemic thrombolysis was interrupted in eight (36.4%) patients.
Of these, four patients required interruption in the first 72 hours
with partial recanalisation in two and complete recanalisation in two.
Reasons for treatment interruption included low fibrinogen in one,
minor complications in two, and need for surgical intervention for
intestinal ischaemia in the last. In the other four cases, treatment had
to be completely stopped in only one patient (due to oral mucosal
bleed), whereas the other were able to resume therapy. There was no

mortality recorded during the acute treatment phase or follow-up.

4 | DISCUSSION

Acute and extensive PVT is a condition with a varying degree of se-
verity.! Similar to other conditions where acute thrombosis can lead to
infarction and potentially death, a stepwise evidence-based approach
is critical to improve outcomes. Unfortunately, data in patients with
PVT specifically are heterogenous and randomised controlled stud-

ies are absent. Current guidelines recommend the use of therapeutic

Whole cohort
(n=22)

0
1(4.5)
20 (90.9)

19 (86.4)
3(13.6)

Duration and presentation

Recent, symptomatic, acute intestinal ischaemia

22 (100)

Extent of PV system occlusion

Splenic vein

Superior mesenteric vein

Both

18(81.8)
21 (95.5)
18(81.8)

Note: Numbers expressed as n (%).
Abbreviations: PV, portal vein; PVT, portal vein thrombosis.
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Time from diagnosis to initiation of systemic thrombolysis, in days, median

(IQR)
Anticoagulation (UFH or LMWH)
Systemic tPA
Duration of systemic tPA infusion, in days, median (IQR)
TIPSS
Local tPA

Mechanical thrombolysis

Numbers expressed as n (%), median (IQR), or mean (SD).

BENMASSAQOUD ET AL.

TABLE 3 Description of treatment

Whole cohort .
received

(n=22)
4(4)

22(100)
22(100)
3.4(2.7)
11 (50)
10 (45.5)
10 (45.5)

Abbreviations: LMWH, low molecular weight heparin; TIPSS, transjugular intrahepatic portosys-

temic shunt; tPA, alteplase; UFH, unfractionated heparin.

TABLE 4 Description of treatment efficacy

Whole cohort
(n=22)
Symptom resolution 20(90.9)
Recanalisation
Any 19 (86.4)
Complete 11 (50.0)
Absence 3(13.6)

Numbers expressed as n (%).

anticoagulation with UFH or LMWH. But when stratified based on the
extent of thrombosis, anticoagulation alone leads to inadequate rates
of recanalisation, leaving a therapeutic void. Consequently, in patients
with intestinal congestion and imminent infarction, treatment strate-
gies remain experimental. Here, we present the efficacy and safety
of a stepwise treatment protocol for patients with acute PVT with
features suggestive of failure of standard of care. We observe that
low-dose systemic thrombolysis and CDT resulted in at least partial
recanalisation in 86%, and complete recanalisation in 50%. Only one
patient required intestinal resection; and the survival rate was 100%.

Our stepwise protocol was specifically designed to select patients at
a high risk of poor outcome based on known and validated risk factors,
such as extensive thrombosis with mesenteric and splenic involvement,
presence of ascites and radiological evidence of intestinal ischaemia.®%¢
We recognise that the radiological findings of intestinal ischaemia can
be nonspecific, but all of our patients had intestinal wall oedema with
“halo” appearance. More advanced changes, such as pneumatosis in-
testinalis, probably reflect irreversible ischaemia.?? Seventy-seven per
cent of our patients had complete and simultaneous occlusion of the
portal vein, its branches, the SMV and splenic veins. Patients had indi-
rect evidence of intestinal ischaemia with wall oedema in all and asci-
tes in 64% of patients. This separates our study from previous reports,
where patients did not have such severe disease burden.?”

Although the idea of thrombolysis in patients with acute PVT is not
recent, it has not gained acceptance due to an unfavourable balance
of efficacy and safety. Before 2017, the largest cohort of thromboly-

sis in acute portal or mesenteric vein thrombosis included 16 patients

accrued over 11 years.28 In this group of patients, only one (6%) patient
had complete clot resolution. In addition, the rate of major complication
was 60%, including death related to intestinal haemorrhage and sepsis.

The report by Klinger et al shared an interesting thrombolysis
protocol.?” They employed a rapidly invasive approach using a tran-
sjugular TIPSS puncture set to gain access to the right portal vein
branch. Once in the portal vein, mechanical thrombectomy and CDT
were performed. An intensive daily angiographic assessment of the
clot burden guided ongoing therapy and required intensive care unit
admission. In their cohort of 17 patients, only 12 patients had SMV
involvement, and it is not mentioned how many had complete and
simultaneous occlusion of all segments. In addition, only 10 (59%)
had signs of intestinal ischaemia. Although their protocol did lead to
high rates of recanalisation, patients did not seem to be as severely
affected as ours with similar complication rates. Furthermore, their
protocol requires a very high intensity level of health care resource
availability which may limit its practicability.

Our case series included patients at high risk of poor outcome,
and becomes the largest study using a pre-established thrombolysis
protocol with 22 patients. The strength of our protocol is that it also
provided a second level of therapeutic intervention for patients failing
initial therapy with systemic thrombolysis, with long-term follow-up.
Although lower than in the study by Klinger et al who relied on early
invasive thrombolytic therapy, our overall rate of recanalisation was
86.4% with complete recanalisation in 50%. We were not able to iden-
tify predictors of failed recanalisation with our protocol as opposed
to other studies with similar number of patients. Although this might
mean that our protocol is more generally applicable, it is more likely to
be related to our small sample size. We used a low dose of tPA in order
to limit potential bleeding complications. Overall, major complications
occurred in two (9%) patients which are lower than reported rates
of complications with thrombolysis.7’27’28 Of note, none of our major
complications occurred during the early phase of treatment with
thrombolysis alone and no patient suffered from an intracranial bleed.
In our experience, the use of low-dose systemic thrombolysis mainly
led to small oozing from cannula sites. We therefore believe that our
thrombolysis protocol provides an effective treatment approach op-

tion for patients with acute PVT at high risk of poor outcome from
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anticoagulation alone. The added benefit of our protocol is that it
has the potential of being used in centres able to provide early safe
systemic thrombolysis while discussing the case with nearby centres
capable of local CDT. Once efficacy is reassessed at 48-72 hours, pa-
tients who have failed initial treatment can then be transferred for
second level of therapeutic intervention with local CDT. This would
be analogous to the drip-and-ship approach used in acute stroke.?’

Our study has its limitations which are mainly related to its small
size and therefore associated subgroup heterogeneity. The lack of
a randomised control arm also decreases our ability to compare
components of our protocol. Unfortunately, this is the reality in a
condition with a low overall incidence, associated with significant
morbidity and mortality, and limited therapeutic options. In addi-
tion, despite our best efforts at identifying patients at high risk of
unfavourable outcome with anticoagulation alone, the literature re-
ports inconsistent poor initial prognostic factors where nonsurgical
therapies might still have a role. Furthermore, the optimal duration
of anticoagulation alone before escalating to salvage therapy is un-
known.%° In our study, the average duration before initiation of our
protocol was 4 days. It is our impression that longer intervals would
be associated with decreased chance of recanalisation leaving the
patient at risk of progressive intestinal ischaemia and long-term se-
quelae of portal hypertension. Lastly, although the idea of TIPSS in-
sertion in patients with no underlying liver disease is controversial,
it allows delivery of mechanical thrombectomy and infusion of local
thrombolysis while it also improves portal haemodynamics by de-
creasing portal pressure and increasing flow out of the splanchnic
circulation.

In conclusion, we have shown that our stepwise thrombolysis
protocol is effective at providing high rates of recanalisation despite
initial indicators of poor outcome. This is the largest available cohort
using thrombolysis in a patient population which at the moment suf-
fers from a lack of a standardised care pathway and we would hope
that our protocol can be utilised and validated in other centres.
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