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Thrombolysis of mesenteric occlusions 

Abstract 

Aim: The aim of this review is to evaluate thrombolytic therapy for acute superior 
mesenteric artery occlusion as an alternative or adjunctive treatment modality to surgical 
therapy and to provide current knowledge for timely and informed decisions regarding 
treatment of acute mesenteric ischemia. 
Methods: A systematic analysis of the available literature from 1966 to 2003 regarding 
thrombolytic therapy for superior mesenteric artery thromboembolism was performed. 
Results: A total of 20 case reports and 7 small series covered 48 patients with acute 
superior mesenteric artery thromboembolism. In the herein reviewed series, thrombolytic 
therapy of acute superior mesenteric artery thromboembolism resulted in angiographic 
resolution of the thromboembolism in 43 patients, in clinical success without requiring 
additional surgical intervention in 30 patients, and in survival in 43 patients, with similar 
complication rates as in thrombolytic treatment of peripheral vascular occlusions. 
Remission of abdominal pain during the first few hours of treatment formed the most 
important indicator of therapeutic success. 
Conclusion: Insufficient evidence from reviewed literature is available to determine the 
relative effectiveness and safety of thrombolytic treatment for acute superior mesenteric 
artery thromboembolism, however, initial results appear to be promising. Thrombolytic 
therapy can be effective relatively quickly, may obviate the need for surgery, and has the 
potential to resolve the clot completely. In some cases it can be used as an alternative or 
neo-adjunctive treatment modality to surgery. A treatment guideline for thrombolysis of 
acute superior mesenteric artery thromboembolism should be developed. 
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Introduction 

Despite progress in diagnostic and treatment strategies over the past decades, acute 
thromboembolic mesenteric ischemia is still a lethal disease with mortality rates ranging 
from 24%-94% . Only an aggressive early therapeutic approach to acute mesenteric 
ischemia may increase survival 24. This aggressive approach constitutes immediate 
diagnosis, restoration of arterial blood perfusion to the ischemic intestine, resection of the 
nonviable intestine, second-look procedures and supportive intensive care. 

Only surgery includes the assessment of intestinal viability, determination or 
conformation of the underlying cause, revascularization, and resection of the nonviable 
intestine. The most useful surgical revascularization techniques for superior mesenteric 
artery occlusions are the balloon catheter thromboembolectomy in embolism, with or 
without patch angioplasty, and the aortomesenteric or iliomesenteric bypass grafts in 
atherosclerotic proximal occlusions or stenoses. 

The non-surgical treatment modalities for acute superior mesenteric artery 
occlusion are catheter-directed vasodilation, endovascular stent placement or thrombolytic 
therapy. These therapeutic strategies may serve as an alternative or adjunct to surgery for 
acute superior mesenteric artery occlusion. At present only limited experience of 
thromholvric theranv is available in natipnt'; with arntp Qimprinr mesenteric artcni 
thromboembolism. In addition, thrombolysis is sometimes judged unfavorable in the 
literature x6. As such, prolonged infusion of the thrombolytic agent, while ischemia 
continues, may lead to bowel necrosis and decrease the chance of survival. Thrombolysis 
also requires intensive clinical and laboratory supervision, and angiography is necessary 
to confirm the diagnosis, as thrombolysis is neither indicated nor safe in the absence of 
objective confirmation of vascular obstruction. However, increasing evidence shows that 
thrombolytic therapy for acute superior mesenteric artery occlusion can be effective 
within short time, may obviate the need for surgery, and has the potential to resolve the 
clot completely. Furthermore, increasing data of catheter-directed thrombolytic therapy in 
peripheral arterial occlusive disease have become available in literature, which 
demonstrate well-recognized benefits of this treatment modality 7"n. This success of 
thrombolytic therapy in the peripheral arterial system may also be applicable for the 
mesenteric circulation. 

The relative infrequency of acute mesenteric ischemia (1-2 on 1000 hospital 
admissions) , the variable pathogenesis and the broad spectrum of ischemic injury of the 
small and large intestines form an almost insurmountable obstacle to the performance of 
randomized controlled trials. The need for timely and informed decisions regarding 
treatment of acute mesenteric ischemia in clinical practice necessitates systematic 
evaluation of previous results, even if only observational data and small case series are 
available. As the average life expectancy increases and subsequently the number of 
elderly in our hospitals grows, the need for thrombolytic therapy, but also angioplasty and 
stenting, in either acute or chronic mesenteric ischemia will increase, especially when 
surgical therapy in some elderly is neither indicated nor safe. 

In this article, the current (observational) data of thrombolytic therapy in patients 
with acute thromboembolic mesenteric occlusion have been systematically reviewed, in 
order to evaluate this treatment modality as an alternative or adjunctive therapy to surgery. 
This compilation of data gives insight into current status of thrombolytic therapy of acute 
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superior mesenteric artery thromboembolism, may provide questions and answers for 
clinical investigators to address, and may give rise to directions for future evaluation. 

Literature search 

In order to evaluate thrombolytic therapy for acute superior mesenteric artery occlusion, a 
formal computer-assisted search of the medical databases Medline (January 1966 to 
January 2003), Cochrane Database of Systematic Reviews, Cochrane Clinical Trial 
Register, and Embase (January 1988 to January 2003) was performed. Keywords and 
medical subject heading (MeSH) terms used were 'mesenteric vascular occlusion', 
'mesentery' and 'ischemia' together with 'thrombosis', 'embolism', 'thromboembolism', 
'thrombolysis', 'fibrinolysis' and 'thrombolytic therapy', limited to 'human' studies; 
clinical studies written in English, Spanish, German, French and Italian were identified. 

Patient studies were eligible for inclusion if they investigated thrombolytic therapy 
for acute superior mesenteric artery thromboembolism. In addition, occlusion of the 
superior mesenteric artery had to be ascertained via angiography. Studies, which reported 
thrombolytic therapy intra-operatively or thrombolytic therapy with intravascular stent 
placing in acute superior mesenteric artery occlusion, were excluded from this review. 
Cases of chronic mesenteric ischemia undergoing elective thrombolytic treatment were 
also excluded from this study. 

The initial search yielded 61 articles, of which 34 did not meet the inclusion 
criteria. The majority of the excluded papers covered topics such as diagnostic modalities 
and treatment strategies not under consideration here. Other excluded articles were case 
reports of patients, treated by angioplasty, stent placement or systemic thrombolysis. 
Retrieval of candidate papers led to the inclusion of 27 studies in this review; 20 case 
reports l3"32 and 7 small series 33"39, which are depicted chronologically in Table 1. 

Patient characteristics 

The studies comprised 48 patients, 17 females and 31 males, with a median age of 69 
years, ranging from 41 to 91 years. Risk factors were reported in reviewed case-studies, 
however, they may be incomplete. 34 out of 48 patients (71%) presenting with acute 
abdominal pain had atrial fibrillation in their present or previous history. Atherosclerotic 
and other (cardiovascular) diseases were frequently present, including previous 
myocardial infarction (13/48), coronary artery disease (5/48), hypertension (8/48), 
peripheral arterial occlusive disease (2/48), heart valve disease (6/48), and aorta aneurysm 
(2/48). Other thromboembolic events, excluding acute coronary syndromes but including 
upper or lower extremity embolism, superior mesenteric thromboembolism and cerebral 
infarction, occurred in 21 out of 48 patients (44%). 6 of these 21 patients (31%) 
demonstrated simultaneous occurrence of acute SMA thromboembolism. 

Duration of abdominal symptoms, either before hospital presentation or 
angiographic diagnosis, ranged from 1 to 144 hours (median 8 hours) (Table 1). Bloody 
diarrhea was reported in 15 out of 48 patients (32%). 

Proximal occlusion of the SMA, at various distances from the origin of the SMA 
and the middle colic artery, was reported in 24 patients (50%) (Table 1). At least 16 
patients (33%) demonstrated total or almost total occlusions. Three patients showed 
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multiple occlusions, and four studies reported six patients demonstrating, not a 
thromboembolus, but an explicitly obstructing thrombus. 

Technique and Treatment 

Thrombolytic therapy in the management of intestinal ischemia was first reported by 
Jamieson in 1979, with the successful infusion of streptokinase directly into the superior 
mesenteric artery . Since then, various thrombolytic treatment strategies have been 
performed in the therapy of thromboembolic occlusion of the superior mesenteric artery. 
Technique. - Diagnositc angiography was performed by the standard Seldinger technique 
via the transfemoral approach into the superior and inferior mesenteric artery and celiac 
trunk to confirm the diagnosis and to determine the site and the degree of obstruction and 
collateral circulation 37'38. After diagnostic angiography a catheter, depending on artery 
morphology, was placed in the superior mesenteric artery. Once an adequate guidewire 
was threaded into the occlusion, a catheter was advanced over the wire into the 
thromboembolus located in the superior mesenteric artery. End-hole and multiple side-
hole infusion catheters (and pulse-spray technique) have been used. Mostly direct 
infiltration of the thrombus/embolus with a thrombolytic agent was executed during slow 
withdrawal of the catheter. After thrombus/embolus infiltration the catheter was placed 
proximally to the occlusion and under close surgical monitoring and surveillance in the 
intensive care unit a continuous local infusion protocol of a thrombolytic agent with an 
automated pump was performed. 

Agent. - In the reviewed series, the most favored thrombolytic agent was urokinase in 38 
out of 48 patients (79%), more than streptokinase or rtPA. Intraarterial urokinase has a 
half-life time of only 16 minutes and its effect can be reversed with intravenous lysine 
analogues such as e-aminocaproic acid or tranexamic acid. Therefore urokinase 
administration will not preclude surgery if intestinal resection should be required. 
Dose. - The available literature shows a great variety in infusion protocols. Urokinase 
dose demonstrated a large range, though most patients received a relatively high-dose 
infusion protocol (from 100.000U/h up to 600.000U/h) (Figure I). High-dose of urokinase 
therapy resulted in revascularization in less than 3 hours. Low dose streptokinase infusion 
at 5.000-10.000U/h restored vascularization within 30-60 hours. High-dose infusions have 
resulted in a higher incidence of complete clot lysis, shorter infusion time and a lower 
incidence of significant bleeding in peripheral vascular occlusions 7. 
Anticoagulant treatment. An adjunctive anticoagulant strategy, implemented in the 
urokinase treatment, was reported in 30 out of 38 patients. 21 out of 30 patients were 
intravenously treated with heparin; in 19 out of these 21 patients heparin infusion started 
during thrombolytic therapy. In only 2 patients (pt 21 and 22) heparin infusion was started 
following thrombolytic therapy. In another 7 out of 30 patients, heparin was infused intra-
arterially: in 5 patients heparin was infused simultaneously with the thrombolytic therapy. 
Only 2 cases did not report the procedure of heparin infusion. Almost all patients were 
treated with approximately 1000 units of heparin per hour, independently of intra-arterial 
or intravenous infusion. In most centers heparin was administered through the sheath and 
was not directly combined with the thrombolytic agent. 

There is consensus that heparinization is indicated in acute mesenteric ischemia of 
arterial origin, but there is controversy as to when it should be initiated. Some 
investigators consider a delay of 48 hours, because of the risk of intraluminal bleeding of 
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Table 1. Case-reports and small series of thrombolytic therapy for acute superior mesenteric artery 
thromboembolism 

Study Year Pt nr. Sex / Age (y) History 

Jamieson et al13 

Theiss et al14 

Flickinger et al15 

Pillariefal '6 

Vujic et al17 

Kohier et al18 

Fernandez et al19 

Hillersefa/20 

Ramirez et al2: 

Roddeefa/22 

Schoenbaum et al M 

Bonardelli e fa l 2 3 

Boyer ef al2' 
McBride & Gaines 25 

Nathan et al26 

Turegano Fuentes et al35 

Gallego e ta l 3 6 

Kwaukefa/2 ' 
Regan et a/28 

Badiola & Scopetta 29 

Hirotaera/30 

Simoera/37 

Yamaguchi era/38 

Dominguez et alJ 

Mellanderefa/39 

Bakarate et al32 

1979 
1982 
1983 
1983 
1984 
1985 
1990 
1990 
1990 
1991 
1992 

1994 
1994 
1994 
1995 
1995 

1996 

1996 
1996 
1997 
1997 
1997 

1999 

2000 
2001 

2002 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1?. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

F -78 
F-77 
M - 6 0 
M - 6 0 
F -57 
M - 5 6 
M - 6 2 
M - 8 0 
M-50 
M - 7 0 
M-79 
r 62 
F-83 
M - 6 3 
M-84 
M - 6 6 
F -80 
F -73 
M - 6 2 
M - 6 8 
M - 6 5 
F -69 
M-66 
M - 7 6 
M-82 
M-41 
M-62 
M-68 
M - 7 7 
M - 7 2 
F -64 
F -77 
M - 8 2 
F -76 
F -79 
M - 7 6 
M-44 
F -91 
F -86 
M - 6 7 
M - 5 9 
F -59 
M - 6 9 
F -76 
M -
M - 8 7 
F-78 
M-84 

AF, Ml, CAD 
AF, Ml, EE+ 

AF, Ml, CHF. CAD 
CHF. AF 

AMI, SMAE, DM 
AOD, EE+ 

Ml, AOD, CI, FVIII 
AF, HT, PUD, CAD 

HT, EE 
Ml, CAD, EE+ 

AF, Ml, EE, AA 
AF, HVD, RF, EE+ 

AF, Ml, EE 
Ml 

CAD, EE 
AF, EE+ 
AF, HT 

Ml, COPD 
AF, CM 
AF, CI 
HT, EE 
AF, HT 

AF, Ml, HT 
Ml, HT, HC 

SMAE, AF, Ml, CI 
AF 

AF, CM 
AF 
AF 
AF 

HVD 
AF 

AF, HVD 
HVD 
AF 

AF, HVD 
AF, CI 

AF, Ml, EE+ 
AF 

AF, HT, EE 
AF. HT 

AF, HVD, CI 
AF, Ml, CI 

AF, AA 
AF 
EE 

EE, DM, CML 
AF 

AA, aorta aneurysm; AD. aorta dissection; AF, atrial fibrillation; AMI. acute mesenteric ischemia; AOD, peripheral arterial occlusive 
disease; CAD, coronary artery disease; CHF, chronic heart failure; CI, cerebral infarction; CM, cardiomyopathy; CML, chronic myeloid 
leukemia; COPD, chronic occlusive pulmonary disease; DM, diabetes mellitus; EE, embolic event in extremity, EE+, embolic event 
concomitant with acute mesenteric ischemia; FVIII, factor VIII deficiency; HC, hypercholesterolemia; HT, hypertension; HVD, heart valve 
disease; Ml, myocardial infarction; PTA, percutaneous transluminal arteriogram; PUD, peptic ulcer disease; RF, rheumatic fever; SMAE, 
superior mesenteric artery embolism; SVT, supraventricular tachyarrhythmia. 
P. SMA occlusion proximal to the middle colic artery; D, SMA occlusion distal to the middle colic artery. 
T, total occlusion; T (-), almost total occlusion; {+), multiple occlusions; I, incomplete/partial occlusion; T/l, total or incomplete occlusion. 
y, year; mo, month; d, day 
+ bloody diarrhea present, - bloody diarrhea absent 

not reported 
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Table 1. (continued) 

P t n r . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0 
41 
4 2 
43 
44 
45 
46 
47 
48 

Duration of presentation (h)/ 
onset angiography 

14 
< 1 
3 

72 
< 1 

T 
< 2 4 

8 

48 

24 

<! 6 
6-144 

10 
5 
4 
8 
6 
6 
3 
2 

24 
5 
18 
18 
6 
8 
14 
8 
6 
6 
7 

12 
24 
8 

18 
17 
8 

60 
15 
6 
6 
12 
12 

Bloody stools 

-
+ 

+ 
+ 

+ 

-+ 

-
+ 

-
+ 

+ 
-

+ 

-+ 
-+ 

+ 
-+ 

-
-2 / 8 pts 

-
— 

Site 
(cm from origin) 

P, 6cm 
D 
P 

P, 6cm 
P, 3cm 

D 

"5" 
P 
D 
P 
P 
D 
P 
D 

P, 3cm 
P, 5cm 
P, 6cm 

P 
D 

P, 2-3cm 
D 
D 
P 
D 

P, 4cm 
P 
D 
D 
D 
D 
D 
D 
D 
P 
D 
D 
D 
D 
D 
P 
D 
P 
P 

P, 8cm 
P few cm 

P, 5cm 
P, 7cm 

Angiography 

Occlusion 

T ( - ) 
T(+) 

1 
(+) (thrombus) 

T ( - ) 
1 ( thrombus) 

T 
1 (thrombus) 
1 (thrombus) 

T ( - ) 
T (-) ( thrombus) 

T 
1 
1 
1 

T 
1 

1 (thrombus) 
1 
1 

Major (T/l) 
Minor (1) 
Minor (1) 
Minor (1) 
Minor (1) 
Minor (1) 
Minor (1) 
Minor (!) 

Major (T/l) 
Minor (1) 

T 
T 
T 
T 
T 
1 
T 
T 

T~+) 

the infracted bowel 
danger . 

whereas others recommend immediate heparinization to offset the 
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Vasodilative strategy. In the reviewed series only 3 patients underwent additional 
papaverine infusion, which resulted in two clinical failures, including one technical 
failure, and one clinical success (pt. 14, 18, and 23)26. Some authorities suggested routine 
use of papaverine in cases of persistent vasoconstriction in all patients with superior 
mesenteric artery emboli 41'42. Vasoconstriction in this manner may occur even after the 
embolus has been removed. It is likely that persistent vasoconstriction is one of the factors 
that is responsible for failure to restore arterial perfusion to the bowel after embolectomy 
and for progression from bowel ischemia to infarction even after the blood flow in the 
superior mesenteric artery was restored. Criteria for the use of papaverine are based on 
consensus. Peritoneal signs should be absent, a compelling medical reason for the patient 
not to undergo surgery should be present and a good perfusion of the vascular bed distal to 
the embolus after a bolus injection of a vasodilator should be sustained . 
Initiation. - Initiation of thrombolytic therapy depends on the severity of the intestinal 
ischemia and duration of abdominal pain. However, duration of abdominal pain and 
severity of intestinal ischemia are not clearly correlated in all patients. Simo and 
coworkers demonstrated that response to intraarterial treatment was favorable in two 
patients who had abdominal pain for 18 hours before treatment (pt. 30 and 31), whereas 
therapy failed in another two patients with abdominal pain for only 6 hours prior to 
treatment (pt. 36 and 37)37. An explanation for this discrepancy could be that the severity 
of intestinal ischemia depends not only on the duration of arterial occlusion but also on 
other factors such as the degree of vascular occlusion, the presence or absence of 
collateral circulation, influence of splanchnic autoregulation and the presence of 
associated atherosclerotic lesions 43'44. Experimental evidence in dogs exists that the 
degree of superior mesenteric artery occlusion, and thereby the residual blood supply, is 
of greater importance than the duration of superior mesenteric artery occlusion 45"48. 
Although previous studies advised initiating thrombolytic therapy within 8 to 10 hours of 
appearance of abdominal complaints 22,49, the reviewed reports and experimental data may 
suggest a longer window of opportunity for initiating thrombolytic therapy of acute 
superior mesenteric artery occlusion. 
Duration. - The most criticized aspect of thrombolytic therapy for acute superior 
mesenteric artery occlusions is the long infusion time while ischemia continues, which 
may enhance the chance of bowel necrosis 5. The reported infusion times varied from 
bolus injection within minutes to continuous infusion up to 48 hours. Although flow was 
usually reestablished within the first hours, infusion continued until complete dissolution 
of the thrombus was achieved. Complete clot lysis may yield better results and aid the 
identification of underlying lesions. A somewhat arbitrary limit of 48 hours of 
thrombolytic therapy of lower extremity occlusion is usually applied, based on the 
observation that the rate of bleeding complications tends to rise exponentially after this 
point. Infusion was discontinued when abdominal symptoms worsened without evidence 
of thrombolysis (indicating the need for urgent surgical intervention), when bleeding 
complications arose, and when no further radiological improvement was achieved in 
comparison to the previous angiogram. 

Efficacy 

The primary efficacy variable was technical (angiographic) success, which was defined as 
resolution of superior mesenteric artery occlusion. Occlusion of the superior mesenteric 
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artery was distinguished in proximal and distal occlusion, defined as thromboembolism 
located proximal or distal to the middle colic artery. Resolution of the occlusion was 
defined as post-procedural, normal angiographic morphology of the vessel or minimal 
presence of clot remnants without compromising arterial flow. Procedure-related 
complications were scored separately. The secondary efficacy variable was clinical 
success, which was defined by the following criteria: angiographically demonstrated 
resolution of the occlusion, disappearance of abdominal pain during thrombolytic therapy, 
absence of peritoneal signs at physical examination, treatment without surgical 
intervention, and hospital discharge. The third efficacy variable was overall survival, 
which was defined as hospital discharge, with or without additional surgical intervention. 
Technical success. - In 43 out of 48 patients technical success was obtained (Table 2). 
Failure of thrombolytic therapy occurred in five patients: 1) bolus infusion of 400,000U 
urokinase following distal superior mesenteric artery occlusion resulted in increased 
abdominal pain and subsequent embolectomy and 20 cm intestinal resection (pt. 15); 2) 
bolus infusion of 250,000U streptokinase followed by 12.5-25 mg/h rtPA infusion after 
proximal partial superior mesenteric artery occlusion resulted in partial clot resolution and 
in subsequent multiple mesenteric emboli with increasing abdominal pain and 
hypotension during the first 24 hours. Subsequently laparotomy and resection was 
required (pt. 18); 3) bolus infusion of 200,000U urokinase and subsequent continuous 
intraarterial infusion following distal partial superior mesenteric artery occlusion resulted 
in partial clot resolution (pt. 34). In this patient infusion was ceased after 15 hours when 
abdominal pain increased, necessitating laparotomy and resection of necrotic bowel and 
second look 24 hours later; 4) bolus infusion of 240.000U urokinase and subsequently 

i i ' i 1 1 r 
0 1 2 10 20 30 40 

Time (h) 

continuous intraarterial infusion after total distal superior mesenteric artery occlusion 
resulted in patient deterioration (comatose and hypotensive) and demise (pt. 39); 5) 
continuous infusion of 50,000U/h urokinase after proximal total superior mesenteric 
artery occlusion subsequently required resection of necrotic small intestine and ascending 
colon (pt. 44). Four out of these five patients survived after laparotomy. Technical failure 
did not appear to be associated with duration of symptoms, localization of occlusion, 
agent, dose, or infusion protocol (Figure 3). 
The chance of successful thrombolysis is dependent on the age of the embolus/thrombus, 
the best results being obtained within 72 hours of occlusion. All except one patient with 
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acute superior mesenteric artery occlusion were treated within 72 hours, which may 
explain the high technical success rate; however, publication bias should be considered. 

Abatement of abdominal pain during the first hour of treatment and a persistently 
normal abdominal examination may be important factors to indicate the success of 
thrombolytic therapy liU7. However, despite immediate remission of the abdominal pain 
during local thrombolytic treatment, bowel necrosis may still occur and necessitate 
surgical resection, as evidenced in two patients in present data (pt. 2 and 14) . Continuous 
monitoring of patient's clinical status and evaluation of abdominal symptoms for up to 72 
hours is mandatory because of unpredictability in disease progression. When symptoms 
persisted or suspicious peritoneal signs on physical examination were present, intraarterial 
treatment was suspended despite angiographic improvement, and surgical intervention 
followed (pt. 7, 36 and 37)37. 
Clinical success. - Despite the technical success in 43 out of 48 patients, complete clinical 
success was achieved in only 30 patients (Table 2 and 3). Conversely, clinical failure was 
present in 18 patients. Besides the abovementioned five patients in which thrombolytic 
treatment failed, another patient had successful thrombolytic therapy, with resolution of 
abdominal symptoms, but died within seven days because of coronary heart failure (pt 2). 
A further four patients developed increased abdominal pain, two of which after an initial 
reduction of abdominal pain. Surgery revealed necrotic bowel requiring bowel resection in 
all four (pt 2, 14, 32 and 35). In another eight patients, despite the achievement of 
technical success, exploratory laparotomy or laparoscopy was performed within 72 hours, 
all in which normal to mild ischemic bowel was found, however, that did not necessitate 
bowel resection. 
Survival. - Thrombolytic therapy with or without additional surgical intervention resulted 
in survival of 43 out of 48 patients (Table 2 and 3). A total of five patients died as a result 
of acute thromboembolic mesenteric ischemia and related additional organ failure during 
hospital stay, only two patients after technical failure. Survival of 43 out of 48 patients 
with acute superior mesenteric thromboembolism, treated by thrombolytic therapy with or 
without additional surgery, is in great contrast with the overall reported, in-hospital 
mortality rates of 24-94% of acute mesenteric ischemia '. As previously mentioned only a 
small number of all patients, suffering from acute mesenteric thromboembolism, is 
candidate for thrombolytic therapy. The lack of an unbiased control group reveals 
difficulties to interpret these data, when also considering selection and publication bias 
and the paucity of data on this subject. However, we may state that thrombolytic therapy 
in the reviewed patients prevented 30 out of 48 patients from surgery. Furthermore, 13 out 
of 16 patients survived subsequent surgical treatment. Two patients, in whom surgery was 
not indicated, died within several days after thrombolytic therapy. Whether unsuccessful 
thrombolytic therapy poses contra-indications or complications to surgical treatment 
cannot be drawn from these data. 
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Table 2. Outcome of thrombolytic therapy for acute superior mesenteric artery thromboembolism 

Pt 
nr. 

1 
2 

3 

4 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 
15 

16 
17 
18 

19 
20 
21 

" 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 

33 

34 

35 

36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 

Drug 

SK 
UK 

SK 

SK 
SK 
UK 
UK 
SK 
UK 
UK 
UK 
UK 
UK 
UK 
UK 

rtPA 
SK 
SK 

rtPA 
UK 
UK 
UK 
UK 

SK 
UK 
UK 

UK 
UK 
UK 
UK 
UK 
UK 
UK 

UK 

UK 

UK 

UK 
UK 
UK 
UK 
UK 

UK 
UK 
UK 
UK 
UK 

rtPA 
UK 

Pain 
relief 

<4 

< 
< 
< 
<< <2 

< 18 
<60 

< < 12 

< hrs 
<2 
<2 
<1 

=,> 
<!4 
<Vi 
4-16 
< 4 

<< 
« <6 

< 1 
< 1 
< 1 
< 1 
< 1 
6 

<1 

> 15 

>8 

< 1 

— 

<5 
<3 

< hrs 

Technical 
success(h) 

Yes, 36-72h 
Yes, < 2h 

Yes, 34-60h 

Yes, < 36h 
Yes, < 30h 
Yes, < 3h 

Yes, < 18h 
Yes, 36-60h 

Yes, < 4h 
Yes, <1h 

Yes, 12-36h 
Yes, 12-40h 
Yes, 2-24h 
Yes, < 10h 
Failed, <1h 

Yes, 20-48h 
Yes, 5-17h 
Partial < 1h 

Yes, 14-24h 
Yes<15h 

Yes, 4-16h 
Yes, 4-12h 

Yes, < 18h 
Yes, 20-48h 
Yes + partial 

Yes, 1-1 Oh 
Yes, 12-24h 
Yes, 9-15h 
Yes, 6-18h 

Yes, 12-18h 
Yes, 4-12h 

Yes, 24-29h 

Yes 

Partial 

Yes 

Yes, 12-20h 
Yes 
Yes 

Failed 
Yes 

Yes 
Yes 
Yes 

Failed 
Yes, 5-1 Oh 
Yes, 3-8h 

Yes, 
reocclusion 

Complications 

No 
Bleeding (cath.) 

No 

No 
Bloody diarrhea 

No 
No 
No 
No 
No 
No 
No 
No 
No 

In 2h > abdominal pain 

No 
No 

Multiple emboli, abd. 
pain 24h shock 

No 
No 
No 

Bloody diarrhea, 
Cerebral embolism 

Renal embolism 
No 

Hematuria, hematoma 
(catheter) 

No 
No 
No 
No 
No 
No 
No 

No 

Infusion was stopped 
at 15h, > abd. pain 

Infusion was stopped 
at8h, > abd. pain 

No 
No 
No 

Shower emboli 
No 

No 
No 
No 

Extravasation 
No 
No 

Reocclusion after 8h, 
successful 

thrombolysis, + 
thrombosis leg (32h) 

Laparotomy; 
Findings-procedure 

No 
Resection necrosis, 25cm 

No 

No 
Exploratory, normal 

No 
No 
No 
No 
No 
No 
No 

Mild ischemia, no resection 
Necrosis, resection 60cm 
Embolectomy , resection 

necrosis 20cm 
Exploratory 72h, normal 

No 
Yes, resection of 2 non-

perforated ischemic bowels 
No 
No 
No 
No 

No 
Yes, expl. laparoscopy 24h 

No 

No 
No 
No 
No 
No 
No 

Yes, resection necrosis, 40 
cm at 72h 

Yes, normal 

Yes, resection necrosis, 
second look 24h 

Yes, resection necrosis, 
second look 24h 

No 
No 
No 
No 

Yes, atheroma 

Yes, normal 
No 
No 

Yes, resection necrosis 
No 
No 
No 

Mortality/ morbidity 

Survived 
Died of Ml (3d), no abdominal 

symptoms 
Died of CHF, SVT (7d) no 

abdominal symptoms 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 
Survived 

Survived 
Survived 

Died of shock (5d) non-
perforated necrosis 

Survived 
Survived 
Survived 
Survived 

Survived, died of Ml (2 mo) 
Survived 
Survived 

Survived 
Survived 
Survived 
Survived 
Survived 
Survived 

Survived, abscess iliac fossa 
(1mo), fistula (6) 

Died of shock (20d), no 
abdominal symptoms 

Survived 

Survived 

Survived 
Survived 
Survived 

Died of shock (1d) 
Survived, SMA bypass (1 

mo) 
Survived 

Survived, leg emboli 
Survived, died of Ml (1 mo) 
Survived, died of CI (1 mo) 

Survived 
Survived 
Survived 

48 UK < 1 Yes. 6-18h No Yes, exploratory 48h, normal Survived 
shock, expl. 96h, normal 

SK, streptokinase: UK. urokinase: rtPA, recombinant tissue plasminogen activator; <. decrease (within)/ less than ; « , rapid decrease 
(duration was not reported); >, increase (within); =, equal; y, year; mo, month; d, day; h, hour; , not reported; x, does not apply. 
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Survival following surgery. - How the data of survival and complications of acute 
superior mesenteric artery occlusion following thrombolytic therapy relate to the survival 
and complications following surgery is unknown. Most reports on acute intestinal 
ischemia demonstrate data compiled from all etiologic subsets taken together, including 
thrombotic and embolic arterial occlusion, venous occlusion and non-occlusive mesenteric 
ischemia. Recently, a systematic review was performed to evaluate survival of these 
etiological subsets '. In addition, the authors have attempted to analyze the relation 
between survival and surgical treatment of each etiological subset individually. The 
surgical treatment was grossly divided into bowel resection, revascularization (e.g. 
thromboembolectomy), or resection and revascularization. Mortality rates of thrombotic 
and embolic superior mesenteric arterial occlusion, treated with revascularization alone, 
were 60 and 73%, respectively. Mortality rates in surgical series would anticipate being 
higher than thrombolytic therapy, as patients with necrotic bowel are included in the 
surgical series. However, there is neither data available on presence or absence of 
peritoneal signs, nor on patient characteristics, duration of symptoms, and postoperative 
complications. No conclusion should be drawn from these data, in comparison to 
thrombolytic therapy for acute superior mesenteric artery thromboembolism. 

Safety 

The safety variable was complications that ensued as a result of each procedure. 
Bleeding complications. - Complications of thrombolytic therapy were bleeding or 
hematoma formation at the catheter puncture site occurring in two patients (pt. 2 and 25) 
(Table 2). Bloody diarrhea was seen in three patients (pt. 4, 5, and 24), hematuria or 
extravasation of infusion fluid occurred in one patient (pt. 25 and 44). In addition to the 
presence of bloody diarrhea or positive blood tests in the stools in 15 patients prior to 
thrombolytic therapy, bloody diarrhea persisted in one patient during thrombolytic 
treatment (pt. 22). This patient survived without requiring surgical intervention. Another 
patient (pt. 5), responding to thrombolytic therapy, developed bloody diarrhea, underwent 
subsequent exploratory laparotomy, which did not demonstrate ischemic or infarcted 
bowel, and survived. 

Minor hemorrhage, mostly at the puncture site, occurs in 10-15% of patients 
treated with thrombolytic therapy for lower limb arterial occlusion 50, with a similar 
complication rate in the here reviewed series. Bloody diarrhea due to mucosal injury was 
not an indication to stop thrombolytic therapy, unless significant gastro-intestinal bleeding 
would have occurred. Major hemorrhage (causing hypotension and/or requiring blood 
transfusion) has not been reported during acute superior mesenteric artery occlusion 
treatment; however, it occurs in approximately 9% of patients with thrombolytic therapy 
for lower limb arterial occlusion ' . 
Thromboembolic complications. - Symptomatic cerebral infarction or reversible renal 
embolization was noted in one patient (pt. 22 and 23) (Table 2). Two other patients died 
of multiple emboli (shower emboli) within 5 days of treatment (pt. 18 and 39). 
Reocclusion of the superior mesenteric artery occurred in one patient after 8 hours (patient 
47). This patient was successfully treated with repeated thrombolysis; however, a leg 
thrombosis occurred 32 hours later. Recurrence of superior mesenteric artery occlusion in 
present cases was not observed during follow-up (5 days - 54 months). 
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Distal embolization as a result of thrombolytic agent infusion has been reported in 
only four out of 48 patients (8%). This complication caused deterioration of the clinical 
status abruptly, with worsening of abdominal symptoms; conversion to surgical therapy 
was considered immediately. Distal embolization of poorly dissolved fragments of 
thromboemboli has been reported approximately in 12% of the lower extremity occlusions 

Table 3. Factors associated with outcome according to patient characteristics, occlusion and 
treatment characteristics. 

Technical failure 
(n-5) 

Clinical failure 
(n-18) 

Mortality 
(n = 5) 

Patient characteristics 
Age. > 60 years 

Yes 
No 

Sex 
Male 
Female 

Previous myocardial infarction 
Yes 
No 

Previous/recent atrial fibrillation 
Yes 
No 

Occlusion characteristics 
Occlusion time > 12 firs 

Yes 
No 

Proximal occlusion 
Yes 
No 

Total (major) occlusion 
Yes 
No 

Treatment characteristics 

38' 
9 

3! 
17 

14 
34 

34 
14 

15 
29 

24 
23 

17 
22 

Urokinase treatment 
Yes 
No 

Technical failure 
Yes 
No 

Complications 
Yes 
No 

aparotomy 
Yes 
No 

Bowel resection 
Yes 
No 

18 
10 

5 
43 

9 
33 

16 
32 

15 
3 

6 
12 

12 

5-
12 

10 
8 

10' 
7 

3 
15 

5 
13 

5 
13 

16 
2 

" missing data from one report 

77 



Thrombolysis of mesenteric occlusions 

Considerations 

Thrombolysis of acute mesenteric artery thromboembolism is a relatively new treatment 
modality and has potential to be effective and safe. Nevertheless, a few additional 
considerations should be made concerning this therapy. 
Methodological quality. - All of the studies are of relatively low methodological quality 
(level V evidence), revealing the paucity of evidence on this subject. In case of the present 
study, there are potentially undesirable consequences when direct treatment actions are 
taken in response to weak evidence. Furthermore, the included patients are not 
representative for the whole population of patients with acute superior mesenteric artery 
thromboembolism. For example, the selection of patients with absent peritoneal findings 
may influence survival positively comparing data to patients with present peritonitis. 
Follow-up of included patients was in some cases limited to in-hospital stay. In the 
reported cases, in-hospital death caused by acute superior mesenteric artery 
thromboembolism may also be associated with underlying cardiovascular disease or septic 
shock, in addition to the presence of abdominal symptoms and ischemic or necrotic 
bowel. In addition, we feel that in the literature not all successes of thrombolysis are 
reported, nor are all failures. Therefore, data interpretation may carry a high publication 
and selection bias and caution should be considered to draw any conclusion. 
Candidates. - Suspicion on mesenteric infarction is an absolute contraindication for 
thrombolytic treatment in acute mesenteric embolism or thrombosis when signs of 
peritonitis are present. Exploratory laparotomy, with subsequent thromboembolectomy 
and necrotic bowel resection as necessary, is then mandatory 52. Candidates for 
thrombolytic therapy of acute superior mesenteric artery thromboembolism will constitute 
only a small percentage of all cases 37'38. Simo and coworkers demonstrated that 18 out of 
28 (65%) consecutive patients with angiographically diagnosed superior mesenteric artery 
embolism presented with clinical signs suggestive of intestinal infarction; consequently, 
viable intraarterial treatment was only possible in 10 patients (35%) 37. Yamaguchi and 
coworkers reported only eight out of 30 (27%) consecutive patients who were selected to 
undergo local intraarterial thrombolysis for superior mesenteric artery embolism . In the 
reviewed reports, all candidates for thrombolytic therapy of acute superior mesenteric 
artery thromboembolism were carefully selected, and scrutinized for the absence of 
peritoneal signs on physical examination and lack of indications of bowel infarction on an 
abdominal X-ray (no pneumoperitoneum or ileus) or on CT-scan (no intramural air, ileus 
or ascites). Furthermore, in reviewed data, absolute and relative contraindications, 
reported for the use of thrombolytic therapy of vascular occlusions in the lower extremity 
by the Working Party on Thrombolysis in the Management of Limb Ischemia 53, were not 
violated. 
Early diagnosis. - There is agreement on the importance of early diagnosis of superior 
mesenteric artery embolism as a means of lowering the high mortality rates associated 
with acute intestinal ischemia nMM. Early diagnosis will decrease the risk of intestinal 
necrosis and the presence of peritoneal signs at physical examination. Obviously, early 
diagnosis will render thrombolytic therapy more effective. 
Localization of occlusion. - Thromboembolism, whether localized proximally or distally 
in the superior mesenteric artery trunk, may result in intestinal necrosis, perforation and 
eventually peritonitis. Proximal superior mesenteric artery occlusions will, however, 
affect a greater bowel volume, especially when collateral circulation is absent . The most 
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serious cases, involving complete proximal superior mesenteric artery occlusion, with no 
distal vascularization, may nonetheless be treated successfully with intraarterial infusion if 
the diagnosis is made early (before 8 to 10 hours), as has previously been reported 34. 
Moreover, clinical success has also been achieved after the critical period of 8 to 10 hours 
of abdominal complaints (patient 15, 43, 44 and 48)23.32-38 

Completeness of occlusion. - Partial superior mesenteric artery occlusion in contrast to 
total superior mesenteric artery occlusion may result in less severe intestinal ischemia. 
Consequently, thrombolytic therapy of a partial superior mesenteric artery occlusion may 
result in better outcome 2M9. However, Yamaguchi and coworkers reported successful 
thrombolytic treatment of 7 out of 8 patients with total superior mesenteric artery 
occlusion 38, which has been supported by other authors 13'17-32-33-36. Therefore, the degree 
of occlusion may not be the most important factor to determine outcome of thrombolytic 
therapy for acute superior mesenteric artery thromboembolism. 
Embolic or thrombotic occlusion. - More than half of all emboli are found just distal to 
the middle colic artery origin 55 affecting a smaller bowel volume than proximal superior 
mesenteric artery embolism. Thrombotic superior mesenteric artery occlusions, however, 
are usually superimposed on a prior atherosclerotic stenosis at the origin of the superior 
mesenteric artery 36, which may worsen the prognosis. In general, the outcome of 
thrombotic superior mesenteric artery occlusion is worse compared to embolic superior 
mesenteric artery occlusion '. Furthermore, prior to thrombotic superior mesenteric artery 
occlusion, patients experienced chronic abdominal pain from preexisting arterial stenosis 
in 30%, which may delay prompt intervention. Nevertheless, in herein reviewed reports, 
six patients with acute superior mesenteric artery occlusion of thrombotic origin all 
responded to thrombolytic therapy within two hours and survived. Acute superior 
mesenteric artery occlusion of thrombotic or embolic origin may therefore both be 
considered for thrombolytic treatment. 
Treatment Algorithm. - The great variety in clinical presentation of acute mesenteric 
ischemia will always be a challenge for physicians, as early diagnosis plays a pivotal role 
in surviving intestinal ischemia. The Guidelines on Intestinal Ischemia by the American 
Gastroenterological Association 57 may help the physician to diagnose and to treat patients 
with acute mesenteric ischemia. In this review, a suggested modified treatment algorithm 
for acute superior mesenteric artery thromboembolism is presented in Figure 2, including 
thrombolytic therapy. 

Conclusion 

Thrombolytic therapy of acute superior mesenteric artery thromboembolism is still to be 
considered as a relatively new treatment modality. Insufficient evidence is available from 
reviewed literature to determine the relative effectiveness and safety of thrombolytic 
treatment for acute superior mesenteric artery thromboembolism, however, initial results 
appear to be promising. The relative infrequency of acute mesenteric ischemia and the 
variation in clinical presentation constitute an almost insurmountable obstacle to 
undertaking randomized or case-control trials. Nevertheless, clinical guidelines (at least 
based on consensus) for thrombolytic treatment of acute superior mesenteric artery 
thromboembolism should be developed. 

79 



Thrombolysis of mesenteric occlusions 

1 

Yes 

No 

• 

Dynamic CT-scan 

Venous occlusion 

Beyond scope 

i - -

i i * 

V 

Resuscitate the patient and 
correct any predisposing or 

precipitating factors 

' < 
Plain Film 

i ' 

History of DVT or familial 
hypercoagulable state 

' - No 

Peritoneal findings 

i • No 

Abdominal angiogram 

'' 

Other cause 

Yes . Laparotomy 

Arterial occlusion 

' 
Continuous papaverine infusion 

1 

Development of peritoneal findings 

No 
• 

Filling of SMA 
(Colleterals angiography) 

' 1 

Good 

• 

Yes 

Laparotomy 

• 

No/ poor 

' 
Observe 

i 
L, 

Repeat angiogram 

' - i - t 

Anticoagulation therapy 

X 
Thrombolytic therapy 

• 

- Thromboembolectomy 
(major embolus) 

• - Arterial reconstruction 
(major occlusion) 

- Resection 

r 

Repeat angiogram 

< 
Second look operation 

+/- resection 

*' 
Anticoagulation therapy 

i ' 

Vasoconstriction 

i ' 

Beyond scope 

A k 

' • Thrombolytic therapy 

Figure 2: Treatment algorithm for acute superior mesenteric artery thromboembolism, including 
thrombolytic therapy (modified from the Guidelines on Intestinal Ischemia by the American 
Gastroenterological Association 79). Solid lines indicate accepted management plan; dashed lines 
indicate alternate management plan. 
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