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Abstract

BACKGROUND

Acute mesenteric venous thrombosis (AMVT) can cause a poor prognosis. Prompt
transcatheter thrombolysis (TT) can achieve early mesenteric revascularization.
However, irreversible intestinal ischemia still occurs and the mechanism is still
unclear.

AIM
To evaluate the clinical outcomes of and to identify predictive factors for

irreversible intestinal ischemia requiring surgical resection in AMVT patients
treated by TT.

METHODS

The records of consecutive patients with AMVT treated by TT from January 2010
to October 2017 were retrospectively analyzed. We compared patients who
required resection of irreversible intestinal ischemia to patients who did not
require.

RESULTS

Among 58 patients, prompt TT was carried out 28.5 h after admission. A total of
42 (72.4%) patients underwent arteriovenous combined thrombolysis, and 16
(27.6%) underwent arterial thrombolysis alone. The overall 30-d mortality rate
was 8.6%. Irreversible intestinal ischemia was indicated in 32 (55.2%) patients,
who had a higher 30-d mortality and a longer in-hospital stay than patients
without resection. The significant independent predictors of irreversible intestinal
ischemia were Acute Physiology and Chronic Health Evaluation (APACHE) I
score (odds ratio = 2.368, 95% confidence interval: 1.047-5.357, P = 0.038) and
leukocytosis (odds ratio = 2.058, 95% confidence interval: 1.085-3.903, P = 0.027).
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Using the receiver operating characteristic curve, the cutoff values of the
APACHE II score and leukocytosis for predicting the onset of irreversible
intestinal ischemia were calculated to be 8.5 and 12 x 10°/L, respectively.

CONCLUSION

Prompt TT could achieve a favorable outcome in AMVT patients. High APACHE
II score and leukocytosis can significantly predict the occurrence of irreversible
intestinal ischemia. Therefore, close monitoring of these factors may help with the
early identification of patients with irreversible intestinal ischemia, in whom
ultimately surgical resection is required, before the initiation of TT.

Key words: Acute mesenteric venous thrombosis; Transcatheter thrombolysis; Irreversible
intestinal ischemia; Surgical resection; Acute Physiology and Chronic Health Evaluation II
score; Leukocytosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Prompt transcatheter thrombolysis (TT) can achieve early mesenteric
revascularization in acute mesenteric venous thrombosis (AMVT) patients. However,
irreversible intestinal ischemia still occurs in many cases. We compared AMVT patients
with irreversible intestinal ischemia who underwent TT to patients with reversible
intestinal ischemia. We demonstrated that the independent predictors of irreversible
intestinal ischemia were Acute Physiology and Chronic Health Evaluation II score and
leukocytosis and the cutoff values were 8.5 and 12 x 10°/L, respectively. Close monitoring
of these factors may help with early identification of irreversible intestinal ischemia, which
requires surgical resection, before initiation of TT in AMVT patients.

Citation: Sun SL, Wang XY, Chu CN, Liu BC, Li QR, Ding WW. Predictors of irreversible
intestinal resection in patients with acute mesenteric venous thrombosis. World J Gastroenterol
2020; 26(25): 3625-3637

URL: https://www.wjgnet.com/1007-9327/full/v26/i25/3625.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i125.3625

INTRODUCTION

Acute mesenteric venous thrombosis (AMVT) accounts for approximately 5% to 15%
of cases of acute mesenteric ischemia and has a mortality of up to 10%!~.. AMVT is
characterized by an insidious onset, rapid progression, and non-specific abdominal
signs in the early stages. The occurrence of irreversible intestinal ischemia impairs the
outcomes of AMVT. In the short term, AMVT can cause intestinal necrosis, which
predicts a poor outcome”. In the long term, postischemic intestinal stenosis (delayed
intestinal stricture or non-transmural necrosis) impairs the quality of lifel”..

The early diagnosis of AMVT has increased because of the feasible use of abdominal
computed tomography (CT), with a specificity of 100% and sensitivity of 93%[l. The
main goal of treatment is early recanalization to prevent irreversible intestinal
ischemia”. Immediate anticoagulation is the first step and the cornerstone of
management strategies. Early anticoagulation has been demonstrated to result in >
80% recanalization and to reduce mortality®”l. However, a previous study also showed
that systemic anticoagulation was associated with 25% of cases of extrahepatic portal
vein hypertension, 18% of cases of transmural bowel infarction, and an elevated risk of
bleeding!*'!l. Transcatheter thrombolysis (TT) is the mainstream method used, and it is
recommended when there is persistent worsening of abdominal symptoms despite
systemic anticoagulation or when there is a high risk of bowel infarction at
admission!"”. Prompt recanalization, salvage of additional potentially reversible
segments, and decreased intestinal resection can be achieved with endovascular
treatment!""”l, The use of endovascular therapy has increased significantly in the
modern era and has altered the management of ASMVT!"l. However, damage control
laparotomy including intestinal resection and open abdomen may be ultimately
warranted for patients with intestinal necrosis and severe sepsisl”l. Our group
previously advocated the establishment of an intestinal stroke center (ISC) and a
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multidisciplinary stepwise management strategy for the treatment of AMVT, which
have been proven to decrease the mortality and improve the clinical outcomes!'*'"l.

The mortality rates associated with intestinal resection ranged between 20% and
60%, and severe disability may result from either intestinal infarction or postischemic
intestinal stenosis!'*'’l. Some researchers revealed that aggressive TT could improve the
outcomes!*. However, irreversible intestinal ischemia is still the main reason for
poor prognosis. The risk factors for irreversible intestinal ischemia are unknown,
especially in AMVT patients treated by TT. The present study aimed to evaluate the
clinical outcomes and determine the independent clinical, laboratory, and radiologic
factors that can successfully predict irreversible intestinal ischemia leading to resection
according to short- and long-term outcomes in AMVT patients treated by TT. The
present study also aimed to discriminate patients who develop irreversible intestinal
ischemia and who are in need of operative intervention from patients who have
reversible bowel ischemia.

MATERIALS AND METHODS

Patients

Prospectively maintained records of patients with AMVT admitted to the ISC during
the period from January 2010 to October 2017 were retrospectively reviewed. Ethical
approval of the study was obtained from the Institutional Review Board. This study
was conducted in accordance with the principles of the Declaration of Helsinki.

The diagnosis of AMVT was based on the following criteria: Acute clinical onset of
abdominal symptoms with a duration of less than 4 wk before admission, vascular
occlusion of the superior mesenteric vein (SMV) on CT or digital subtraction
angiography (DSA) portography, and intestinal wall injury on CT®'l. AMVT patients
who were treated by TT were included in the study (Figure 1). We excluded AMVT
patients (1) whose symptoms improved after anticoagulation only; (2) with
contraindications to thrombolysis; (3) who underwent hybrid emergency operation
upon admission without TT; (4) who underwent surgical intervention before
admission; (5) who participated in follow-up for < 1 year; and (6) with incomplete
records or records missing some of the vital data required for the study.

The primary outcome was the resection of irreversible intestinal ischemic injury,
defined by laparotomy and/or pathology assessment of bowel necrosis/infarction and
postischemic intestinal stenosis (Figure 2). Patients were divided into two groups
according to primary outcomes. Patients who recovered from AMVT after TT with no
need for intestinal resection after 12 mo of follow-up were considered not to have
irreversible intestinal ischemic injury, considering that irreversible intestinal ischemia
could be ruled out at this point in follow-up. For primary outcome assessment,
patients were followed until the date of irreversible ischemia diagnosis (for patients
who underwent surgery), 1 year of follow-up (for patients who did not undergo
surgery), or death, whichever came first.

Treatment strategy

A multidisciplinary stepwise management strategy was followed upon admission,
aiming to achieve early mesenteric recanalization as described before!"”. Immediate
anticoagulation, with the initiation of an unfractionated heparin bolus followed by
continuous infusion, was initiated soon after the diagnosis was made. In addition,
supportive treatment included broad-spectrum antibiotics, bowel rest,
microcirculation improvement, and acidosis correction. Intensive care unit (ICU)
treatment, including fluid resuscitation, multi-organ function support, and early
enteral nutrition, was initiated when indicated.

Endovascular treatment by transcatheter thrombolysis

Endovascular treatment approaches were chosen depending on the location of the
thrombus in the portal vein and superior mesenteric vein as described before!'>'"l. For
patients with patent or partially patent intrahepatic portal vein branches, a
percutaneous transhepatic approach or trans-jugular intrahepatic portosystemic
approach was preferred for direct thrombolysis of the portal vein (PV)-SMV
thrombosis, and indirect thrombolysis alone via the superior mesenteric artery (SMA)
was also adopted. Moreover, indirect thrombolysis alone via the SMA was adopted for
patients with a completely occluded PV or portal vein cavernous transformation
associated with superior mesenteric vein thrombosis. A catheter was placed in the vein
under the guidance of DSA, and the thrombi were aspirated via the venous catheter.
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Patients with AMVT
(n =116)

* Treated by systemic anticoagulation alone (7 = 32)
e Treated by emergency hybird operation (7 = 16)
e With incomplete data (7 = 10)

Patients treated by TT

(n = 58)
_— T~
_ T
- T
Patients who underwent laparotomy Patients who got recovered
(n=24) (n = 36)
/
/
.\ ’/,'
N ’/'
Patients with necrosis Negative findings - - 5 - -
o =22) n=2) Patients with postischemic
intestinal stenosis
\ | (n=10)
\ ////
\ -
\
Patients with irreversible intestinal ischemia Patients without irreversible intestinal ischemia
(n=32) (n = 26)

Figure 1 Flow diagram illustrating the management and outcome of patients with acute mesenteric venous thrombosis. AMVT: Acute
mesenteric venous thrombosis; TT: Transcatheter thrombolysis.

Figure 2 Operative findings of irreversible intestinal ischemia. A: Intestinal necrosis, characterized by gangrenous bowel; B: Postischemic intestinal
stenosis, characterized by segmental intestinal stricture.

Jaishideng®

Low-molecular-weight heparin (4100 U/12 h) was administered as an anticoagulant.
Urokinase [(40-60) x 10* IU/d] or recombinant tissue plasminogen activator (20 mg/d)
was administered for 5 d for thrombolysis before angiography was repeated. If
patients had stable vital signs and improved abdominal signs, thrombolytic treatment
was continued for 1 wk. Contrast-enhanced abdominal CT and DSA were repeated to
assess the abdominal and intestinal integrity. In patients who developed
severe/diffuse peritonitis alongside worsening vital signs and hemodynamic
instability, surgical intervention was required.

Surgical resection of irreversible intestinal ischemia

Damage control surgery was indicated during or after transcatheter thrombolytic
therapy if there were signs of irreversible intestinal ischemia, including intestinal
necrosis and postischemic intestinal stenosis*"*I(Figure 2).

Intestinal necrosis(Figure 2A): Surgical procedures included resection of the necrotic
bowel and reservation of the suspected necrotic small bowel. To determine the patency
of the intestine, distal or proximal stomas were created. In the presence of
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intraabdominal hypertension, the abdomen was left open. Abdominal closure was
performed once the intraabdominal pressure returned to a normal range. Patients
were transferred to the ICU following surgery, where patients received organ support
therapy to restore homeostatic balance. A definite intestinal anastomosis was
performed after the patient completely recovered from the acute phase and was on a
full oral diet.

Postischemic intestinal stenosis(Figure 2B): Close monitoring of postischemic
intestinal stenosis was carried out in AMVT patients who got symptom alleviation
after TT. Intolerance to enteral nutrition or oral diet, symptoms of ileus, and confirmed
intestinal stricture by CT and enterography were used to help with the diagnosis.
Close follow-up, anticoagulation, and corrections of malnutrition and water and
electrolyte imbalance were initiated. Planned laparotomy was indicated, and resection
of the irreversible stricture in the intestine was warranted.

Data collection

The collected data were as follows: Sex, age, thrombosis risk factors (e.g., active
smoking, history of thrombosis, history of abdominal surgery, and liver cirrhosis),
thrombosis distribution, vital signs, hematochezia, results of abdominal examination,
Acute Physiology and Chronic Health Evaluation (APACHE) II score, laboratory test
values, findings of abdominal CT scanning on admission or before TT, length of stay,
treatment outcomes (i.e., length of resected bowel and 30-d and 1-year mortality) and
complications [i.e., sepsis, anastomotic or parastomal leakage, acute respiratory
distress syndrome, acute kidney injury, and multiple organ dysfunction syndrome
(MODS)].

Statistical analysis

Quantitative variables are expressed as the mean + SD or median and interquartile
range according to distributions after Shapiro-Wilk test. Categorical variables are
expressed as absolute and relative frequencies. Comparisons between groups of
independent quantitative variables were performed using Student’s t-tests or
Mann-Whitney tests. Comparisons between groups of qualitative variables were
performed using the y? test or Fisher’s exact test when appropriate. A multivariate
analysis of variables was conducted using a binary logistic regression test to determine
the independent variables that predicted irreversible intestinal ischemia leading to
resection, and the results are shown as odds ratios (ORs) and 95% confidence intervals
(CIs). The accuracy of this model was further evaluated using a receiver operating
characteristic (ROC) curve. A P value less than 0.05 was considered significant. All
analyses were performed using SPSS version 17.0 software (SPSS Inc., Chicago, IL,
United States).

RESULTS

Patient characteristics

From January 2010 to October 2017, a total of 58 consecutive patients [39 (67.2%)
males] were included. The mean age of the patients was 45 + 12.4 years. The patients’
baseline characteristics are described in Table 1.

TT was initiated 28.5 h after systemic anticoagulation. A total of 42 (72.4%) patients
underwent arteriovenous combined thrombolysis, and 16 (27.6) underwent arterial
thrombolysis alone. After recanalization, exploratory laparotomies were performed in
24 patients, and 22 patients underwent resection of the infarcted intestine. In addition,
planned laparotomy was also performed in 10 patients with postischemic intestinal
stenosis later, and the involved stenosed bowel was resected. Eventually, 32 (55.2%)
patients underwent resection of irreversible ischemic intestines, and 26 (44.8%) did not
undergo resection.

There were no significant differences in age or sex between patients with and
without irreversible intestinal ischemia (Table 1). Moreover, no significant difference
was found in the thrombosis distribution or transcatheter thrombolytic therapy
(including the initiation time, choice of thrombolytic approach, and duration of
thrombolysis). Compared with patients with reversible ischemia, AMVT patients with
irreversible intestinal ischemia had higher APACHE II scores (12.5+3.9 vs8.4+3.5, P
<0.001). In addition, no significant difference was found in the associated morbidities
or duration of symptoms from onset to admission between these two groups. In terms
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Table 1 Characteristics of acute mesenteric venous thrombosis patients treated by transcatheter thrombolysis

All patients Without resection With resection
Variable P value
n=58 n=26 n=32
Age, yr, mean + SD 45+124 446 +104 476 £13.8 0.366
Male, n (%) 39 (67.2) 16 (61.5) 23 (71.9) 0.404
Location of thrombosis, 1 (%) 0.752
SMV 12 (20.7) 6(23.1) 6 (18.8)
SMV + PV 46 (79.3) 20 (76.9) 26 (81.3)
Duration of anticoagulation alone before catheter- ~ 28.5 (22-54.8) 36 (22.8-72) 27 (18.8-48) 0.143
directed thrombolysis, h, median (IQR)
Thrombolytic approaches, 1 (%) 0.199
PT/TI-PV-SMV + SMA catheterization 42 (72.4) 21 (80.8) 21 (65.6)
SMA catheterization alone 16 (27.6) 5(19.2) 11 (34.4)
Days of thrombolysis, d, mean + SD 71+£29 6.7+29 73+28 0.421
APACHE II score, mean + SD 10.6+4.2 8.4+35 125+£39 <0.001
Associated comorbidities, 1 (%)
Liver cirrhosis/ portal hypertension 11 (19.0) 7 (26.9) 4 (12.5) 0.163
Splenectomy 10 (17.2) 7 (26.9) 3(94) 0.078
History of other abdominal surgery 9 (15.5) 5(19.2) 4 (12.5) 0.481
History of thrombosis 9 (15.5) 2(7.7) 7(21.9) 0.138
Active smoking 13 (22.4) 6(23.1) 7 (21.9) 0.913
Alcohol abuse 7 (12.1) 3 (11.5) 4 (12.5) 0.911
Hypertension 6 (10.3) 2(7.7) 4 (12.5) 0.550
Diabetes mellitus 2(3.4) 0(0) 2 (6.3) 0.197
Duration of symptoms from onset to admission, d, 7 (4-13) 7 (4-15) 7 (4-12) 0.333
median (IQR)
Clinical presentation, 7 (%)
Abdominal pain 53 (91.4) 23 (88.5) 30 (93.8) 0.475
Nausea and vomiting 28 (48.3) 12 (46.2) 16 (50.0) 0.771
Hematochezia 12 (20.7) 6(23.1) 6 (18.8) 0.686
Local peritonitis 19 (32.8) 5(19.2) 14 (43.8) 0.048

Quantitative variables are expressed as the mean * SD or median and interquartile range (IQR). AMVT: Acute mesenteric venous thrombosis; SMV:
Superior mesenteric vein; PV: Portal vein; SMA: Superior mesenteric artery; PT: Percutaneous transhepatic; TI: Trans-jugular intrahepatic; APACHE II:

Acute Physiology and Chronic Health Evaluation II; IQR: Interquartile range.

of the clinical presentation, local peritonitis was significantly more often in patients
with irreversible intestinal ischemia than in those with reversible ischemia (43.8% vs
19.2%, P = 0.048).

According to the results of the laboratory examinations (Table 2), patients with
irreversible intestinal ischemia had significantly higher leukocyte counts as well as C-
reactive protein, total bilirubin, serum albumin, serum creatinine, and arterial lactate
levels than patients without resection (P < 0.05). The hemoglobin, platelet,
procalcitonin, alanine aminotransferase, aspartate aminotransferase, and D-dimer
levels were not significantly different between the groups of patients with and without
irreversible intestinal ischemia. Compared to free intraperitoneal fluid, bowel dilation,
bowel wall thickening, and misty mesentery, only decreased bowel wall enhancement
(28.1% vs 7.7%, P = 0.048) was seen more frequently in AMVT patients with
irreversible ischemia than in patients with reversible intestinal ischemia on the
imaging examination.
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Table 2 Laboratory and imaging examinations of acute mesenteric venous thrombosis patients treated by transcatheter thrombolysis

All patients Without resection With resection
Variable P value
n=>58 n=26 n=32
Laboratory examination
Total leukocyte count, x 109/L, mean * 143 +89 71+22 203+79 <0.001
SD
Hemoglobin, g/L, mean + SD 114.3 £29.8 117.7 £27.3 111.5+31.9 0.451
PLT, x 10°/L, mean + SD 242.5 +160.7 287.8 +182.4 204.8 £131.4 0.056
Procalcitonin, pg/L, median (IQR) 0.25 (0.09-0.75) 0.14 (0.07-0.62) 0.42 (0.14-0.87) 0.096
CRP, mg/L, median (IQR) 59.8 (17.6-133.2) 19.0 (6.4-40.6) 120 (62.6-148.6) <0.001
Total bilirubin, pmol/L, mean + SD 183 +15.5 13.6+94 221+18.4 0.035
ALT, U/L, median (IQR) 27 (36.3-51.9) 28 (17-43) 26 (14.5-38) 0.748
AST, U/L, median (IQR) 28 (20-38.8) 31 (21-42) 25 (19-36) 0.260
Serum albumin, g/L, mean * SD 333+52 35.8+5.2 31.2+4.2 0.001
D-dimer, pg/L, median (IQR) 5.6 (3.5-9.5) 3.9 (2.2-7.0) 6.5 (4.1-9.9) 0.081
Creatinine, pmol/L, mean = SD 679 +£35.6 57.3+28.8 76.5 +38.7 0.040
Arterial lactate, mmol/L, mean + SD 28+09 21+05 33+0.8 <0.001
Imaging Examination, 7 (%)
Free peritoneal fluid 35 (60.3) 13 (50.0) 22 (68.8) 0.147
Bowel loop dilation 25 (43.1) 9 (34.6) 16 (50.0) 0.239
Decreased bowel wall enhancement 11 (19.0) 2(7.7) 9 (28.1) 0.048
Bowel wall thickening 32 (55.2) 12 (45.2) 20 (62.5) 0.213
Misty mesentery 23 (39.7) 8 (30.8) 15 (46.9) 0.212

Quantitative variables are expressed as the mean + SD or median and interquartile range (IQR). AMVT: Acute mesenteric venous thrombosis; PLT: Platelet

count; CRP: C-reactive protein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; IQR: Interquartile range.
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Clinical outcomes and follow-up

The outcomes of these two groups according to the crude analysis are summarized in
Table 3. Five patients died due to sepsis induced MODS during hospitalization and
two died from cardiovascular accidents during follow-up. The following poor
prognostic indicators demonstrated significantly higher rates in patients with
intestinal resection than in those without: Sepsis and MODS (P < 0.05). Patients with
reversible intestinal ischemia had shorter ICU stays (5.2 £ 3.9 vs 12.1 + 7.7, P < 0.001)
and hospital stays (16.6 + 4.7 vs 31.9 + 16.7, P < 0.001) than patients with irreversible
intestinal ischemia. Although no significant difference was found in 1-year mortality,
30-d mortality showed a trend of higher mortality in patients with irreversible
intestinal ischemia than in those without intestinal resection (15.6% vs 0; P = 0.035).

Predictors of irreversible intestinal ischemia leading to resection

Multivariable analysis using binary logistic regression showed that the significant
independent predictors for irreversible intestinal ischemia leading to resection in
AMVT patients treated by TT were leukocytosis (higher leukocyte count) (OR = 2.058,
95%ClI: 1.085-3.903, P = 0.027) and APACHE II score (OR = 2.368, 95%ClI: 1.047-5.357, P
= 0.038) (Table 4). The overall area under the ROC curve of the model was 0.975
(95%Cl: 0.936-1.000). Using the ROC curve, the cutoff values of the leukocyte count
and APACHE II score for predicting the onset of irreversible intestinal ischemia were
12 x 10°/L and 8.5, respectively (Table 5).
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Table 3 Outcome and complications of acute mesenteric venous thrombosis patients treated by transcatheter thrombolysis

All patients Without resection With resection
Variable Pvalue
n=58 n=26 n=32
Recanalization rate of SMV, 1 (%)
Complete recanalization 33 (56.9) 16 (61.5) 17 (53.1) 0.520
Partial recanalization 13 (22.4) 6(23.1) 7 (21.9) 0.913
Invalid 5 (8.6) 0(0) 5 (15.6) 0.035
Cavernous transformation 7 (12.1) 4 (15.4) 3(94) 0.485
Length of bowel resection, cm, median 100 (60-150) ND 100 (60-150) ND
(IQR)
Short bowel syndrome, 1 (%) 1(1.7) 0(0) 1(3.1) 0.552
Surgical site infection, 1 (%) 3(5.2) 0(0) 3(9.4) 0.161
Sepsis, 1 (%) 9 (15.5) 1(3.8) 8 (25.0) 0.028
Hemorrhage, n (%) 2(3.4) 1(3.8) 1(3.1) 0.700
Anastomotic or parastomal leakage, 1 2(3.4) 0 (0) 2(6.3) 0.497
(%)
AKI, 1 (%) 2(3.4) 0(0) 2(6.3) 0.497
ARDS, 1 (%) 2(3.4) 0(0) 2(6.3) 0.497
Liver dysfunction, n (%) 2(34) 0(0) 2(6.3) 0.497
MODS, n (%) 6 (10.3) 0(0) 6 (18.8) 0.022
Time of ICU stay, d, mean + SD 91+£72 52+£39 12177 <0.001
Time of hospital stay, d, mean + SD 25.2+14.9 16.6 £4.7 31.9+16.7 <0.001
30-d mortality, n (%) 5(8.6) 0(0) 5 (15.6) 0.035
1-yr mortality, n (%) 7 (12.1) 1(3.8) 6 (18.8) 0.090

Quantitative variables are expressed as the mean + SD or median and interquartile range (IQR). ND: No data; AMVT: Acute mesenteric venous thrombosis;
SMV: Superior mesenteric vein; AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; MODS: Multiple organ dysfunction syndrome;

ICU: Intensive care unit; IQR: Interquartile range.

Table 4 Binary logistic regression analysis of risk factors associated with irreversible intestinal ischemia leading to resection in acute

mesenteric venous thrombosis patients treated by transcatheter thrombolysis

Variable P value ORs 95%Cl
APACHE 1II score 0.038 2.368 1.047-5.357
Leukocyte count 0.027 2.058 1.085-3.903
C-reactive protein 0.875 - -

Arterial lactate 0.661 - -

Serum albumin 0.547 - -

AMVT: Acute mesenteric venous thrombosis; APACHE II: Acute Physiology and Chronic Health Evaluation II; ORs: Odds ratio; CI: Confidence interval.

DISCUSSION

Acute mesenteric ischemia is an acute vascular emergency of the intestine that can also
extend to involved parts of the colon™. Although AMVT is the least common form,
accounting for 6% to 9% of acute mesenteric ischemia (AMI), mainly involving the
SMVE#2, the distinction between irreversible ischemia and a viable bowel is more
difficult than in arterial mesenteric ischemia, and different pathophysiology is
involved in these two diseases despite ultimately involving intestinal necrosis”*'l.
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Table 5 Diagnostic value of the risk factors for diagnosis of irreversible intestinal ischemia in acute mesenteric venous thrombosis

patients treated by transcatheter thrombolysis

Variable AUC Cut-off value Sensitivity Specificity PPV NPV Youden index
APACHE II score 0.728 85 0.933 0.440 0.682 0.833 0.373
Leukocyte count 0.947 12 x 10° 0.900 1 1 0.893 0.900

AMVT: Acute mesenteric venous thrombosis; APACHE II: Acute Physiology and Chronic Health Evaluation II; AUC: Area under curve; PPV: Positive

predictive value; NPV: Negative predictive value.

Thus, the factors predictive of poor prognosis in AMVT should be distinguished from
those in arterial mesenteric ischemia. However, limited to the rarity and the small
number of AMI patients, predictors have often been generally analyzed in a large
group of AMI patients™*1. Moreover, prompt treatment and early recognition of
patients who need surgical intervention may help achieve a better outcome!". In this
study, acute intestinal ischemia was reversed by TT in 26 (44.8%) patients, and the 30-d
survival rate was 91.4%. Furthermore, we identified two factors from a multivariate
analysis that were independent and easy to assess during the initial workup and were
predictive of irreversible intestinal injury and the requirement of surgical resection
(APACHE II > 8.5 and leukocytosis > 12 x 10°/L). Close monitoring of these factors
may help evaluate whether surgical resection of irreversible intestinal ischemia is
ultimately required upon admission.

Patients with persistent symptoms, worsened abdominal pain after anticoagulation
therapy, the development of signs of peritonitis, or a high risk of bowel infarction
should initiate the multidisciplinary stepwise management”'?. According to the
multidisciplinary stepwise management strategy in our ISC, initial catheter-directed
thrombolysis was a preferred alternative for patients with local peritonitis'”. A high
risk of bleeding, confirmed intestinal necrosis or perforation, recent stroke, and
primary or metastatic central nervous system malignancies are contraindications to
thrombolysis!'”. Despite the beneficial effect of TT, emerging research has revealed the
efficiency of preventing intestinal necrosis or salvaging more ischemic segments.
Hollingshead et al*! reported 20 patients treated by TT with symptom resolution in
85% of patients, and no patients required bowel resection™. In addition, in a series of
pilot studies published by the intestinal stroke center in China, prompt endovascular
treatment combined with damage control could improve the outcomel'*""]. In this
research, among all AMVT patients, only those who were treated by TT were included.
Although 32 (55.2%) patients, including 22 (37.9%) patients with intestinal necrosis
and 10 (17.24%) with postischemic intestinal stenosis, required intestinal resection and
approximately 100 cm-long segments of ischemic bowel were irreversibly resected,
short bowel syndrome occurred only in 1 (1.7%) patient. Furthermore, the 30-d
mortality and 1-year mortality rates were 8.6% and 12.1%, respectively.

The initiation of endovascular treatment is often suggested after 48-72 h of systemic
anticoagulation”. The conditions of approximately 5% of AMVT patients who receive
conservative treatment will deteriorate, and endovascular treatment should be
initiated™. However, in this research, systemic anticoagulation could not improve
conditions in 50% of patients, and TT was initiated 28.5 h after systemic
anticoagulation. This may mainly be attributed to the severe conditions in most
patients (32.8% of patients with local peritonitis). Signs of peritonitis have traditionally
been considered an indication for prompt surgery!'’l. However, in our research, we
found that patients with local peritonitis could avoid surgical intervention. Patients
with irreversible intestinal ischemia showed a significantly higher rate of peritonitis
than patients with reversible intestinal injuries, but this higher rate was not
independently associated with irreversible intestinal ischemia.

The APACHE II score is a severity-of-disease classification system and was
designed to measure the severity of disease and predict mortality in adult patients
admitted to the ICU. Fluid resuscitation, multi-organ function support, early enteral
nutrition, and other special treatments in the ICU play pivotal roles in AMI treatment.
In AMVT patients, the APACHE II score can also be used to evaluate the severity of
illness. Wu et all"! reported that a high APACHE II score was significantly associated
with a poor prognosis in patients with necrotic bowel-induced hepatic portal venous
gast’l. Hsu et al also reported that a high APACHE II score was significantly
associated with a poor prognosis in AMI patients™]. Similar findings in AMVT
patients were also reported by Yang ef all'"). In this research, we found that a high score
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was an independent predictive factor for irreversible intestinal ischemia leading to
resection. Clinical awareness should be implemented in AMVT patients with a high
APACHE II score (> 8.5) upon admission, even when TT is initiated; ultimately,
surgical intervention may also be warranted in these patients.

In terms of the laboratory tests, patients with irreversible intestinal ischemia had
higher total leukocyte counts as well as levels of C-reactive protein, total bilirubin,
lactate, and creatinine. These results revealed that irreversible intestinal ischemia
caused severe tissue hypoxia and that a systemic inflammatory response to irreversible
ischemia and organ injury was initiated®*1. Moreover, intestinal dysfunction also
impairs nutrition, which was reflected by decreased serum albumin levels in patients
with irreversible intestinal ischemia. However, only leukocytosis independently
predicted the onset of irreversible bowel ischemia in patients with AMVT treated by
TT. A similar result was also reported by Emile”. Moreover, the onset of bowel
ischemia, in general, is associated with profound leukocytosis™, and a recent study
found a total leucocyte count of more than 18000 as a cut-off point for bowel necrosis,
as a significant predictor of mortality in AMIM™L. In this research, the cut-off point for
irreversible intestinal ischemia was 12 x 10°/L.

Although prompt TT can help achieve a better outcome, surgical intervention was
still performed in 32 (55.2%) patients. Operative intervention is reserved for patients
with severe and diffuse peritonitis and transmural bowel infarction or perforation!™l.
In such severe cases, damage control surgery, such as bowel resection with open
abdomen, is preferred over complex definitive procedures in order to reduce the
second hit phenomenon!>”*l In patients with intestinal necrosis, double-barrel
enterostomy allows the observation of the color and vitality of the stoma, which
provides an indirect assessment of the intestinal blood supply and avoids a second-
look operation. Sometimes, temporary abdominal closure may be applied when there
is severe bowel edema with a risk of intra-abdominal hypertension or abdominal
compartment syndrome!>*l. In the long term, AMVT can cause postischemic intestinal
stenosis”l It tends to progressively worsen and ultimately result in total
occlusiont*]. Correction of malnutrition and anticoagulation as well as surgical
resection can be initiated in patients with postischemic intestinal stenosis®®’***’l. In this
study, 27 (84.4%) patients were discharged and the 1-year survival rate was 81.3%.

This study had some limitations. With regard to the rareness of this disease, a large
randomized clinical trial seems difficult but is expected. This study, involving a total
of 58 AMVT patients treated by TT, is a relatively large-scale study in the current
literature. However, a multicenter prospective study is still warranted. Second, there is
a lack of useful parameters that may also predict the onset of irreversible intestinal
ischemia leading to resection in these patients. Third, checking for inherited or
acquired thrombophilia is also warranted. For the two predictive factors, confirmation
by further validation cohorts is necessary to allow clinicians and surgeons to draw
generalizable conclusions.

Prompt TT can improve outcomes of AMVT. However, patients with irreversible
intestinal ischemia manifest a higher risk of poor prognosis than patients with
reversible injuries. The two independent predictors of irreversible intestinal ischemia
leading to resection are an APACHE II score > 8.5 and a total leukocyte count > 12 x
10°/L. When TT is promptly initiated, close monitoring of these factors can help
discriminate AMVT patients in need of ultimately bowel resection from those who can
be managed with conservative measures.

ARTICLE HIGHLIGHTS

Research background

Acute mesenteric venous thrombosis (AMVT) can cause a poor prognosis as a result of
irreversible intestinal ischemia. Emerging studies revealed that prompt transcatheter
thrombolysis (TT) can achieve early mesenteric revascularization and reverse early
intestinal injury. However, irreversible intestinal ischemia still occurs in some cases.

Research motivation

Previous studies always involved both arterial and venous mesenteric ischemia.
However, compared to arterial mesenteric ischemia, different pathophysiology is
involved and it is more difficult to distinguish irreversible ischemia from viable
bowels in venous mesenteric ischemia. What’s more, AMVT can not only cause
intestinal necrosis in the short term but also result in intestinal stenosis in the long
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term, requiring intestinal resection. Limited to the rarity of AMVT, few studies have
explored the predictive factors for irreversible intestinal ischemia, requiring surgical
resection, in AMVT patients treated by TT.

Research objectives
This study aimed to identify predictive factors for irreversible intestinal ischemia in
AMVT patients treated by TT.

Research methods

We retrospectively analyzed the data of 58 AMVT patients who underwent TT. To
identify the predictive factors, AMVT patients treated by TT were divided into two
groups: Patients with irreversible intestinal ischemia and those with reversible
intestinal ischemia. Then, group comparisons and a multivariate binary logistic
regression analysis were performed.

Research results

Thirty-two (55.2%) patients with irreversible intestinal ischemia had a higher 30-d
mortality and a longer in-hospital stay than patients with reversible intestinal injuries.
The significant independent predictors of irreversible intestinal ischemia were Acute
Physiology and Chronic Health Evaluation (APACHE) II score (odds ratio = 2.368,
95% confidence interval: 1.047-5.357, P = 0.038) and leukocytosis (odds ratio = 2.058,
95% confidence interval: 1.085-3.903, P = 0.027). Using the receiver operating
characteristic curve, the cutoff values of the APACHE II score and leukocytosis for
predicting the onset of irreversible intestinal ischemia were calculated to be 8.5 and 12
x 10°/L, respectively.

Research conclusions
Both total leukocyte count and APACHE II score are prognostic factors for irreversible
intestinal ischemia in AMVT patients after initiation of TT.

Research perspectives

Both total leukocyte count and APACHE II score are common clinical parameters that
are easily available to clinicians upon admission, and may be valuable predictors to
discriminate AMVT patients treated by TT who will suffer from irreversible intestinal
ischemia from those who can be managed with conservative measures.
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