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Abstract

Background
Acute mesenteric venous thrombosis (AMVT) can not only cause acute bowel infarction but result in
post-ischemic intestinal stenosis (PIIS), which is rarely reported.

Methods
Consecutive patients diagnosed with PIIS secondary to AMVT (during the post-thrombotic course,
con�rmed segmental bowel stenosis) from January 2010 to June 2018 were enrolled. We evaluated the
clinical pro�le, response to therapy, and outcomes of this complication managed at the intestinal stroke
center in China. Clinical data are retrospectively analyzed and Wilcoxon signed-rank test was used to
evaluate the e�ciency of conservative treatment.

Results
42 patients with PIIS secondary to AMVT were evaluated. 20 (5-150) days after discharge for AMVT,
symptoms of PIIS appeared, and the interval between symptom onset and consultation was 29.5 (2-180)
days. In addition, abdominal pain (90.5%), abdominal distension (76.2%), weight loss (71.4%), and
nausea or vomiting (54.8%) were the common presentations. Hypoproteinemia was observed in 61.9% of
patients, while leukocytosis, anemia and electrolyte disorders were present in 11.9%, 45.2% and 35.7% of
patients, respectively. CT excluded thrombosis recurrence and revealed extensive collateral circulation or
portal cavernous transformation in 83.3% of patients. Enterography was required only in 81.0% of
patients, with positive �ndings in all patients, including complete obstruction (23.5%), intestinal stricture
(64.7%), and extensive mucosal erosion (11.8%). Prompt conservative treatment achieved signi�cantly
increases of albumin and pre-albumin levels and correction of electrolyte disorders (all p < 0.05). However,
only 4 (9.5%) patients improved after conservative therapy and laparotomy was required in other patients.
A median length of 20 (2-100) cm of involved bowel was resected, mainly involving the jejunum (76.3%).
Only 1 patient died due to uncontrolled transverse colon bleeding, and other patients’ postoperative
courses were uneventful.

Conclusion
During the post-thrombotic course, clinicians should be aware of the possibility of PIIS in patients with
symptoms of ileus and hypoproteinemia. Patients may respond to conservative therapy; however, the
majority of patients warrant surgical resection.

Background
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Acute mesenteric venous thrombosis (AMVT) accounts for 1 in 1000 emergency department admissions
and 6–28% of cases of acute mesenteric ischemia[1, 2]. AMVT can cause lethal outcomes, and the
mortality is up to 20%[3]. The natural history and long-term sequelae of AMVT are little known[4]. In the
short term, AMVT can cause intestinal infarction, which is the main cause of poor prognosis, and
secondary short bowel syndrome and recurrent thrombosis can also affect outcomes[1]. In the long term,
secondary portal hypertension and portal cholangiopathy, which mostly occur in the chronic phase, are
also considered chronic complications[4, 5].

However, the chronic complication of delayed intestinal stricture secondary to AMVT, post-ischemic
intestinal stenosis (PIIS), has rarely been reported[6, 7]. In 1985, Witte et al �rst reported the onset of
mesenteric and portal vein thrombosis in a 71-year-old man, and the barium follow-up showed edema,
spicules, thumb printing and poor distensibility of the distal ileum[8]. Since then, only a few case reports
have been found. Given the rare nature of PIIS secondary to AMVT, most articles on this condition have
been isolated case reports or case series[9]. Systemic studies of the characteristics are scanty, especially
in terms of follow-up and long-term outcomes. We evaluated the clinical pro�le, response to therapy,
complications and outcomes of PIIS managed at our intestinal stroke center (ISC).

Materials And Methods

Patient characteristics
This case seires research was conducted in an integrated ISC in China, which was set up in 2010[10, 11].
The study was approved by the Institutional Review Board of Jinling Hospital. Informed consent was
obtained from each patient and their relatives. 42 consecutive patients diagnosed with PIIS secondary to
AMVT from January 2010 to June 2018 in the ISC were evaluated. The diagnosis of PIIS secondary to
AMVT was based on the following criteria: (1) patients in post-thrombotic course with a treatment history
of AMVT and/or with extensive collateral circulation (or portal cavernous transformation) in mesenteric
venules[5]; and (2) patients with segmental bowel stenosis, which was con�rmed by radiologic �ndings
and/or laparotomy [12, 13] (Fig. 1).

Detailed information regarding the demographics, clinical manifestations, and �ndings on general
physical and systemic examinations was recorded. All patients were evaluated by complete hemograms
and liver function tests, etc. In addition, all patients underwent contrast-enhanced computed tomography
(CT) to evaluate the venous drainage of the portal venous system, and nonvascular �ndings can help
assess intestinal damage[2]. Furthermore, enterography with gastrogra�n was performed to evaluate
intestinal patency and mucosal patterns in the ISC[13–15] (Brie�y, gastrogra�n was administered through
a naso-intestinal tube, and serial images of the transit of gastrogra�n was obtained by abdominal
radiography to evaluate the ability of intestinal peristalsis and patency. Complete obstruction or
appearance of contrast in the ascending colon was the ending criterion. In addition, the naso-intestinal
tube was used for decompression after the test, with a strict measurement of output being performed.).
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Management And Follow-up
All patients were managed with prompt supportive therapy, including anticoagulation, correction of
electrolyte disorders, etc. The nutrition support modality was under the guidance of a clinical nutrition
expert[11]. Planned/emergency laparotomy was indicated to resect the involved small intestine by two
experienced surgeons when general conditions could not be corrected or when symptom deterioration
occurred[9]. The postoperative nutrition support modality was started gradually. In addition, low-
molecular-weight heparin calcium or oral anticoagulants were administered after the exclusion of risk
factors for bleeding[5].

Follow-up surveys were conducted in the outpatient clinic at 1 and 6 months and every 12 months
thereafter. Radiologic �ndings and clinical manifestations, complications, mortality, and morbidity were
obtained to assess treatment outcomes.

Data analysis
Data are presented as medians with ranges and proportions. The Wilcoxon signed-rank test was used to
compare two related samples. A p value of < 0.05 was considered signi�cant. Statistical analysis was
performed using SPSS software for Windows version 23.0 (SPSS, Chicago, IL, USA).

Results
Demographics and Clinical Features

42 patients with PIIS secondary to AMVT (29 (69.0%) males, age at diagnosis of 50 (25-66) years) were
evaluated. The patients’ characteristics and risk factors are described in Table 1. In these patients, the risk
factors for thrombosis included splenectomy (n=6, 14.3%), protein C/S de�ciency (n=5, 11.9%) and anti-
thrombin III de�ciency (n=4, 9.5%). Among these patients, 16 (38.1%) underwent mesenteric
revascularization after systemic anticoagulation alone, while the other 26 (61.9%) patients were managed
with prompt endovascular treatment in the acute phase of AMVT. However, approximately 20 (5-150)
days after discharge for AMVT, symptoms of PIIS appeared, and the interval between symptom onset and
consultation was 29.5 (2-180) days. In addition, abdominal pain (n=38, 90.5%), abdominal distension
(n=32, 76.2%), weight loss (n=30, 71.4%), nausea or vomiting (n=23, 54.8%), and postprandial pain (n=22,
52.4%) were the main clinical manifestations (Table 2).

Hypoproteinemia (<60 g/L) and hypoalbuminemia (<35 g/L) were each observed in 26 (61.9%) patients,
while leukocytosis (>10×10^9/L) and leukopenia (<4 ×10^9/L) were present in 5 (11.9%) and 7 (16.7%)
patients, respectively. Moreover, anemia (hemoglobin <110 g/L) and electrolyte disorders (K+<3.5 mmol/L
or Na+ < 135 mmol/L) were found in 19 (45.2%) and 15 (35.7%) patients, respectively. CT was carried out
in all patients, and the recurrence of thrombosis in mesenteric veins was excluded. The vascular �ndings
from the CT scan included extensive collateral circulation (n=18, 42.9%), portal cavernous transformation
(n=17, 40.5%), gastric varices (n=11, 26.2%), and lack of luminal enhancement (n=10, 23.8%). The main
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nonvascular �ndings included regional bowel wall thickening (target sign) (n=13, 31.0%) and bowel
dilatation (n=23, 54.8%). Enterography was required in 34 (81.0%) patients and revealed different degrees
of intestinal stenosis: intestinal stricture (n=22, 64.7%), dilation of the proximal intestinal segments
(n=18, 52.9%), and extensive mucosal erosion (n=4, 11.8%) (Figure 2). Moreover, complete obstruction
with severe dilation of the proximal intestinal segments were found in 8 (23.5%) patients. This test also
revealed that the jejunum was mainly involved in 24 (70.6%) patients, while the other 10 (29.4%) patients
suffered from ileal stenosis.

Response to Therapy and outcome

Prompt conservative treatments were initiated upon diagnosis. In addition to systemic anticoagulation
and supportive therapy, all patients were required to undergo nutrition support for approximately 10 (5-30)
days (11 (26.2%) patients with enteral nutrition through naso-intestinal tubes and 31 (73.8%) patients
with parenteral nutrition because of complete ileus or intolerance to enteral nutrition), and 14 (33.3%)
patients were given albumin infusion. Signi�cantly increases of albumin and pre-albumin levels and
correction of electrolyte disorders were found after conservative treatment (all p < 0.05). The comparison
of anthropometry and laboratory pro�les before and after initial supportive therapy is shown in Table 3.

However, only 4 (9.5%) patients achieved symptom alleviation and were discharged later. Surprisingly,
despite prompt nutritional therapy, 23 (54.8%) patients still suffered from constant hypoproteinemia, and
decreased total protein levels were also found in 12 (28.6%) patients. In addition, 5 (11.9%) patients
experienced symptom deterioration during nutrition support, accompanied by elevated leukocyte counts.
Notably, repeated enterography was required in these 5 patients, and aggravated intestinal stenosis was
found after comparison (Figure 3).

Eventually, laparotomy was required in 38 out of 42 patients (31 (81.6%) patients with planned
laparotomies and 7 (18.4%) patients with emergency laparotomies), and a median length of a 20 (2-100)-
cm-long involved section of the small intestine was resected (Table 4). The jejunum was mainly involved
in 29 (76.3%) patients, while the other 9 (23.7%) patients suffered from ileal stenosis. The common
�ndings of histological examinations revealed ischemic injury, including chronic in�ammation and
surrounding granulation tissue formation with ulceration or �brosis in submucosal layers (Figure 1 d). In
addition to supportive therapy, postoperative nutrition therapy was initiated for approximately 10 (4-29)
days, and anticoagulation was also administered after recurrence of thrombosis and after the exclusion
of bleeding. All patients achieved symptom alleviation, and hypoproteinemia was corrected after surgical
resection.

Complications and follow-up

One patient died due to severe digestive tract bleeding in the transverse colon. Intra-abdominal sepsis
occurred in three patients. One patient had anastomotic leakage and was cured after conservative
treatment. Moreover, two patients died as a result of malignancy, three patients required splenectomy, and
four patients underwent transjugular intrahepatic portosystemic shunting because of secondary portal
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hypertension during follow-up. The other patients’ postoperative courses were uneventful, and follow-up
examinations revealed an unremarkable state of health. The 30-day and one-year mortality rates were
2.4% and 7.1%, respectively.

Discussion
Since 2010, more than 158 patients with acute mesenteric ischemia have been administered in the ISC by
a multidisciplinary stepwise management strategy, and a better outcome was achieved, as shown in
previous reports[10, 16, 17]. However, in clinical practice and follow-up, we found that many patients with
AMVT suffered from segmental intestinal stenosis in the long term, even though those patients
successfully underwent mesenteric revascularization in the acute phase. Surprisingly, stenosis of the
small bowel is rarely mentioned in reports of mesenteric venous thrombosis, suggesting that it may be a
rare complication[18]. In this large study, we evaluated 42 patients with PIIS secondary to AMVT and
showed that the triad of abdominal pain, abdominal distention and vomiting was present in 55% of
patients. In addition, hypoproteinemia and hypoalbuminemia were present in 62% of patients.
Surprisingly, hypoproteinemia could not be corrected with prompt initial nutrition support and symptom
alleviation can’t be achieved after conservative therapy in most cases. Ultimately, resection of the
involved segmental intestine and postoperative nutrition resulted in a good general outcome, and the
postoperative courses were uneventful in most patients.

Signs appear during the post-thrombotic course, and the main triad of symptoms, which indicates the
appearance of chronic intestinal obstruction as a result of intestinal stenosis, mainly occurs several
weeks after revascularization (it varies from several days to months)[6]. Ischemic intestinal stenosis does
meet the diagnostic criteria of ischemic enteritis, which can also be related to limited thrombosis or
embolism[19, 20]. However, in this research, we found that constant malnutrition with hypoproteinemia
and hypoalbuminemia was another main clinical feature. In addition, Matsushita et al also demonstrated
that it is a cause of protein-losing enteropathy (PLE) with the use of technetium 99 m-labeled human
serum albumin scintigraphy[21]. However, postprandial pain and intolerance to oral intake may be
another cause of malnutrition. Thus, the term “postischemic intestinal stenosis” instead of “ischemic
enteritis” was used in this research.

CT has been useful for the diagnosis of AMVT, as it produces a speci�city of 90% and a sensitivity of
95%[5, 22]. It can evaluate the venous drainage of the portal venous system and exclude the possibility of
thrombosis recurrence and the nonvascular �ndings can help assess intestinal ischemia. Segmental
bowel wall thickening and bowel dilation are the main nonvascular �ndings, which indicates the
appearance of bowel edema and the possibility of intestinal obstruction. Moreover, extensive collaterals
are also found in most cases. Prompt revascularization and the development of su�cient collaterals
ensure venous drainage from the involved ischemic bowels[23]. However, in some cases, the collaterals
might not be adequate for preventing segmental chronic bowel ischemia, which has been demonstrated
in the histological examination of chronic in�ammation in most resected specimens. A similar result was
also found by Eugene et al who reported that intestinal strictures associated with mesenteric vein
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thrombosis were probably the consequence of ischemia[6]. Interestingly, involvement of the colon has not
yet been found, and the reason for this may be better collateralization of the colonic venous system,
preventing chronic ischemia and therefore ischemic stenosis[13].

Barium examination is considered to be most useful for the diagnosis of ischemic enteritis[14]. However,
barium studies may be dangerous in cases of nearly complete obstruction, as it may become inspissated
above the level of obstruction, or barium may spread into the peritoneal cavity if perforation occurs or is
present[24]. In this research, complete obstruction was found in 8 patients, and severe stenosis was also
found in many patients. By contrast, gastrogra�n, a water-soluble contrast medium, can decrease edema
of the bowel wall and enhance bowel motility, and it can be easily diluted by enteric �uid and can
enhance mucosal details on radiography[25]. Furthermore, water-soluble contrast medium of high
osmolarity can accelerate the resolution of postoperative ileus and enhance the resolution of adhesive
bowel obstruction[24, 25]. Positive �ndings of intestinal stenosis were found in all patients who
underwent this test. The location of the involved intestine, which varies from the jejunum to the ileum, can
be identi�ed by the use of gastrogra�n, which has a bene�cial effect on subsequent surgical
interventions.

Stricture in ischemic enteritis sometimes tends to progressively worsen and ultimately results in total
occlusion[15, 26]. Similar results may also occur in PIIS secondary to AMVT. The condition of 5 patients
worsened from mild symptoms to severe abdominal pain during initial nutrition therapy. Moreover, the
worsen of intestinal stenosis and the increase in leukocyte counts may also indicate the aggravation of
intestinal ischemia and the initiation of a systemic in�ammatory response[16, 27]. According to the
comparison of enterography �ndings in these patients, we hypothesize that “mucosal erosion-stricture-
complete obstruction” may also be the progression of PIIS secondary to AMVT to some extent. Thus, in
the 4 patients who experienced symptom alleviation and were discharged after conservative treatment,
close follow-up after discharge is still warranted and has already been carried out.

90.5% patients do not improve with conservative treatment and nutritional therapy. In contrast,
postoperative nutrition therapy can effectively correct constant hypoproteinemia, and symptoms can
improve after resection of the involved intestines. The postoperative course was uneventful in most
patients. Thus, as patients may improve promptly with conservative management, it is better to perform
surgery, and prompt surgical resection may lead to better outcomes. Surgical resection is also the main
strategy of intestinal enteritis[20]. An emerging role of balloon dilation for symptomatic intestinal stricture
has also been reported and is considered to be a useful alternative to surgery when the length of the
stricture is less than 3 cm[19]. However, small bowel strictures that are long (> 3 cm) may not be
candidates for balloon dilation, and the length of the involved intestine in PIIS secondary to AMVT was
longer than 3 cm in most patients. Moreover, endoscopic balloon dilation of strictures carries a risk of
perforation at rates of up to 2.9%[28]. Therefore, the role of balloon dilation in PIIS secondary to AMVT
should be further evaluated and warrants additional research in the future.
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The main limitations of the study include its retrospective nature and the fact that the clinical data were
limited in the records. Moreover, the diagnostic effect of endoscopy, especially capsule endoscopy, was
not discussed, which allows for precise examination of the small intestine[26], and it could not be done
due to non-availability in the research period. However, a prospective study is already in progress.

Conclusions
In conclusion, PIIS is an uncommon but important long-term complication of AMVT. During the post-
thrombotic course, clinicians should be aware of the possibility of PIIS in patients with symptoms of ileus
and hypoproteinemia. Patients may respond to conservative therapy; however, the majority of patients
warrant surgical resection. Early recognition and prompt treatment may lead to a better outcome.
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Table 1 Demographics, etiologies and comorbidities of patients with PIIS secondary to AMVT.

Clinical Features PIIS secondary to AMVT (n=42)

Age, y 50 (25-66)

Gender  

  Male 29 (69.0)

  Female 13 (31.0)

Etiology  

Secondary thrombophilia  

  Splenectomy 6 (14.3)

  Thrombocythemia 3 (7.1)

  Cirrhosis 3 (7.1)

  In�ammatory bowel disease 1 (2.4)

  Pancreatitis 2 (4.8)

  Appendectomy 2 (4.8)

  Other abdominal surgery 2 (4.8)

  Pregnancy 2 (4.8)

Inherited thrombophilia  

Protein C/S de�ciency 5 (11.9)

Anti-thrombin III de�ciency 4 (9.5)

Comorbidity  

  Hypertension 6 (14.3)

  Portal hypertension 8 (19.0)

  Stroke 1 (2.4)

  Prior deep vein thrombosis 9 (21.4)

  Vasculitis 1 (2.4)

  Smoking 6 (14.3)

  Alcohol abuse 6 (14.3)
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*All values are expressed as the median and range or n (%). PIIS: Post-ischemic intestinal stenosis.
AMVT: Acute mesenteric venous thrombosis.
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Table 2  

Clinical presentations and imaging characteristics of patients with PIIS secondary to AMVT.

Clinical Features PIIS secondary to AMVT (n=42)

Clinical presentation  

  Abdominal pain 38 (90.5)

  Abdominal distension 32 (76.2)

  Nausea or vomiting 23 (54.8)

  Constipation 16 (38.1)

  Weight loss 30 (71.4)

  Postprandial pain 22 (52.4)

  Fever 2 (4.8)

Duration from symptom onset to consultation, d 29.5 (2-180)

Characteristics of CT imaging  

Vascular �ndings  

  Lack of luminal enhancement 10 (23.8)

  Extensive collateral circulation 18 (42.9)

  Portal cavernous transformation 17 (40.5)

  Gastric varices 11 (26.2)

Nonvascular �ndings  

  Bowel wall thickening 13 (31.0)

  Bowel dilatation 23 (54.8)

  Mesenteric fat stranding 2 (4.8)

  Splenomegaly 4 (9.5)

  Ascites 2 (4.8)

Enterography (n=34)  

  Mucosal erosion 4 (11.8)

  Intestinal stenosis 22 (64.7)

  Severe dilation of the proximal intestine 18 (52.9)

  Complete obstruction 8 (23.5)
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*All values are expressed as the median and range or n (%). PIIS: Post-ischemic intestinal stenosis.
AMVT: Acute mesenteric venous thrombosis. CT: Computed tomography. 

 

Table 3: Comparison of the laboratory pro�les of patients before and after prompt supportive
conservative therapy

Laboratory parameters Upon admission After therapy P value

Body mass index, kg/m^2 19.9 (15.2-24.2) 20.0 (15.6-22.9) 0.334

Leukocyte count, x10^9/L 5.3 (1.4-29.0) 5.2 (2.9-16.7) 0.741

C-reactive protein, mg/L 11.5 (2.0-98.1) 18.2 (0.6-198.0) 0.478

Procalcitonin, μg/L 0.18 (0.02-15.0) 0.18 (0.02-3.60) 0.469

Hemoglobin, g/L 109.0 (53.0-137.0) 100.5 (80.0-191.0) 0.886

Platelet count, x10^9/L 199.0 (26.0-597.0) 157.0 (13.0-576.0) 0.798

Total protein, g/L 56.0 (37.0-81.0) 59.2 (42.0-77.0) 0.080

Albumin, g/L 33.0 (16.0-44.0) 36.4 (23.0-53.0) 0.021

Pre-albumin, g/L 100.0 (10.0-239.0) 110.0 (60.0-220.0) 0.033

Alanine aminotransferase, U/L 22.0 (4.0-113.0) 21.0 (7.0-63.0)  0.340

Na+ 136.5(124.0-145.0) 138.0(134.0-147.0) 0.038

K+ 4.0 (1.9-5.3) 4.1 (3.6-5.3) 0.019

*All values are expressed as the median and range or n (%). PIIS: Post-ischemic intestinal stenosis.
AMVT: Acute mesenteric venous thrombosis. Normal range for body mass index: 18.5-23.9 kg/m^2;
Normal range for leukocyte count: 4-10×10^9/L; Normal range for C-reactive protein: 0-8 mg/L;
Normal range for procalcitonin: 0-0.5 μg/L; Normal range for hemoglobin: 110-160 g/L; Normal range
for platelet count: 100-300×10^9/L; Normal range for total protein: 65-80 g/L; Normal range for
albumin: 35-50 g/L; Normal range for pre-albumin: 200-400 g/L; Normal range for alanine
aminotransferase: 0-38 U/L; Normal range for Na+: 135-145 mmol/L; Normal range  for K+ 3.5-5.5
mmol/L.
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Table 4  

Treatments, complications and follow-up outcomes of patients with PIIS secondary to AMVT.

Clinical Features PIIS secondary to AMVT (n=42)

Initial nutrition support  

  Enteral nutrition 11 (26.2)

  Parenteral nutrition 31 (73.8)

  Duration, d 10 (5-30)

Albumin infusion 14 (33.3)

Treatment strategies  

Conservative treatment 4 (9.5)

Bowel resection 38 (90.5)

Length of bowel resection, cm 20 (2-100)

Location of involved intestine  

   Jejunum 29 (76.3)

   Ileum 9 (23.7)

Duration of postoperative nutrition support, d 10 (4-29)

30-day mortality, % 2.4

1-year mortality, % 7.1

Major complications  

  Intra-abdominal sepsis 3 (7.1)

  Anastomotic leakage 1 (2.4)

  Gastrointestinal bleeding 1 (2.4)

Follow-up �nding  

  Malignance 2 (4.8)

Splenectomy 3 (7.1)

TIPS 4 (9.5)

*All values are expressed as the median and range or n (%). PIIS: Post-ischemic intestinal stenosis.
AMVT: Acute mesenteric venous thrombosis. TIPS: trans-jugular intrahepatic portosystemic shunt.

Figures
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Figure 1

Comparison of enterography �ndings in two patients with symptom deterioration during nutritional
support. a & b: �rst enterography of a 26-year-old patient revealed extensive mucosal erosion (a, arrow),
and repeated testing of the same patient approximately 20 days later indicated severe bowel stenosis
(arrow) with dilation of the proximal intestinal segments (b). Similarly, c and d. c: enterography of a 44-
year-old man revealed segmental intestinal stricture, and a repeated test was carried out 25 days later,
demonstrating complete obstruction.
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Figure 2

Different �ndings from enterography. a: extensive mucosal erosion/absence (white arrow). b: segmental
bowel stricture (white arrow). c: severe dilation of the proximal intestinal segments (arrowhead) and
segmental bowel stricture (white arrow). d: complete obstruction (white arrow).
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Figure 3

a: Computed tomography revealed segmental stenosis and bowel wall thickening (arrow); b:
Enterography revealed segmental bowel stricture (arrow); c: Dilated proximal jejunum and a 15-cm
segmental intestine stricture were found during laparotomy. d Representative histological �ndings of the
resected specimen: ulceration, nonspeci�c in�ammatory in�ltrate and granulation tissue formation.


