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Trans-Atlantic Debate

• “Pro” – European - Martin Björck, MD, PhD

• “Con” – North America - Nathan Orr, MD, Eric Endean, MD

• Presented at European Society for Vascular Surgery (Porto, 
Portugal) – Audience voted on the “winner”

• Will try to present both sides of the debate
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I can’t loose!



Acute Mesenteric Ischemia (AMI)

• Many causes:
• Embolic

• Thrombotic (acute thrombosis on underlying chronic disease)

• Non-occlusive mesenteric ischemia

• Venous mesenteric ischemia

• Colon ischemia following aortic surgery

• Aortic dissection

• Isolated mesenteric dissection

• Volvulus

• Strangulated hernia

• For this discussion the primary focus will be on two arterial 
causes:
• Embolic

• Thrombotic
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Accepted Endo or Non-invasive Treatment

• Non-occlusive mesenteric ischemia
– Optimize hemodynamics and physiology

– Consider angiography
• Diagnostic

• Intra-arterial administration of vasodilator

• Mesenteric venous thrombosis
– Anticoagulation

– Some anecdotal reports of thrombolysis – SMA, trans-hepatic

• Aortic dissection
– With mesenteric ischemia – thoracic endograft

• Colon ischemia after aortic surgery
– Antibiotics

– Reserve surgery for full-thickness infarction

• Isolated SMA dissection
– Anticoagulation
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Accepted Open Treatment

• Strangulated hernia

• Volvulus

• Small bowel obstruction

• Any evidence of infarcted bowel

- 7 -



- 8 -

Focus of the Question

• The question should not be, “can” an endovascular first strategy be 
done?

• Rather the question more appropriately is phrased, “should” an 
endovascular first strategy be pursued?

• Treatment of AMI requires two-pronged approach:
– Restoration of blood flow to the intestine
– Assessment and treatment  of the end organ – the bowel

• Resect infarcted bowel
• Preserve bowel length

– Endovascular strategy addresses blood flow, not bowel viability

• If overlooked, bowel necrosis will lead to death
– There is no laboratory or radiologic study that can reliably predict the 

presence or absence of infarcted bowel



What is the Quality of the Available Evidence?

• Acute mesenteric ischemia is rare and life-threatening
– There are no randomized - controlled trials to compare endo-first vs. open

– There are unlikely to be such trials

• Single-center reports
– Publication bias

• Population-based reports
– Registries

• Vascular registries (Swedvasc)

• Administrative registries

• NSQIP

– Treatment bias

– Accuracy of data?

– Are the patients included actually the patients of interest?
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Arguments for Endovascular-first Approach
(Dr. Björck)

1. Avoid emergency laparotomy and general 
anesthesia

2. Completion angiography ensures that complete 
revascularization has been achieved

3. Minimally invasive in frail patients with little 
physiologic reserve
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1. Avoid Laparotomy

• Damage control strategy

• Under local anesthesia initiate endovascular therapy

• Patients with mesenteric ischemia

– Frail

– Avoids prolonged general anesthesia

– ? Analogous to improved outcome for patients with ruptured 
AAA treated with endograft

• Makes sense

• Evidence to support?
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Avoid Laparotomy?

• Studies demonstrate bowel resection is needed in 31% - 93%
• Arthurs*, et al, using an endovascular-first approach:

– 31% of patients avoided laparotomy
– Conversely - ~70% required laparotomy
– “necrotic bowel requiring resection…negatively affected overall 

mortality”

• Björck**, et al: 
– 58/60 patients with AMI underwent laparotomy
– 43/60 (72%) bowel resections

• If laparotomy is to be avoided, is there a reliable method to 
assess bowel viability?
– Advanced imaging – CT scan
– Laboratory studies – WBC, lactate, pH, D-dimer
– Physical examination
– All are unreliable for early infarction!  When positive, these patients 

with limited reserve may not be salvageable

** Björck M., Br J Surg. 2002;89:923-7.
*Arthurs ZM.  J Vasc Surg. 2011;53:690-705.
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Avoid Laparotomy?

	

Discharged one week after
revascularization no bowel 
resection

Extensive bowel necrosis, 
multiple bowel resection
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Avoid Laparotomy?

	

CT scans are unreliable to determine bowel viability



2. Ensure Complete Revascularization

• Dr. Björck suggests that it is important to assure that 
“revascularization has been completed to the best 
possible standard.”

– Statement makes sense

– Evidence?
• Swedvasc registry study* - all patients with endovascular 

revascularization had completion angiograms

• Open surgical group – 34% had completion Doppler scan or flow meter

• Successful revascularization:

– Open group: 86%

– Endo group: 79%

*Block, Acosta, Björck. J Vasc Surg 2010;52:959-66
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• Swedvasc data:

– 34 patients underwent thrombolysis of 
SMA for AMI

– Efficacy and outcome of thrombolysis 

• Complications of endovascular

– Thrombosis at access site, distal 
embolization, perforation of small bowel 
artery, SMA dissection, dislodgement of 
catheter tip

• Completion angiography can be done 
with open revascularization

• Completion angiography does not assess 
bowel viability

Effect Patients
In-hospital

death

Complete 14 2/14 (14%)

Partial 16 4/16 (25%)

Lysis, no 
runoff

1 0

No lysis 3 3/3 (100%)

Angiography Assures Complete Revascularization



3. Endovascular is Minimally Invasive

• Argument is similar to his first reason (Avoid emergency 
laparotomy/general anesthesia)

• Patients with acute mesenteric ischemia:

– Elderly

– Frail

– Multiple co-morbid conditions

– Little physiologic reserve

• Make sense?

– If the only goal were to establish blood flow – absolutely

– If there is infarcted bowel – patients with limited reserve will 
not tolerate delay
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Avoid laparotomy in sick patients

• Because patients have little physiologic reserve, treatment must 
be instituted to avoid the development of systemic inflammatory 
response and sepsis that leads to multisystem organ failure if 
bowel necrosis is present

• Therefore it is mandatory that these patients have an 
aggressive approach and their overall best chance for 
survival is open operation

– Prompt revascularization

– Assess bowel for infarction
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Analogy

• Elderly patient with hemorrhage from duodenal ulcer
– Younger trainees may assume delay with potential medical control is safer

• Delay in operation in patients over 60 years old results in greatly 
increased morbidity and mortality
– Delay results in further deterioration of physiology

– Little reserve

• Patients with acute mesenteric ischemia are usually at their 
“best” at the onset of ischemia
– Ischemia puts more physiologic demand on patients 

– Little reserve results in rapid deterioration
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Is there evidence to suggest that outcomes are 
better with an endovascular approach?



Endovascular and open surgery for acute occlusion of the superior 
mesenteric artery.  

Tomas A Block, MD, Stefan Acosta, MD, PhD, Martin Björck, MD, PhD
J Vasc Surg 2010; 52:959-66.
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• Swedvasc Registry

• 1999-2006 – 163 revascularization for acute mesenteric ischemia

• Etiology of AMI
– Embolic (n=99)

– Thrombotic Occlusion (n=54)

– Acute SMA dissection (N=5)

– Acute thrombotic occlusion of prior stent (1)

– Undetermined pathology (4)

• Treatment
– Open – 121 (74%)

• Embolus : thrombotic – 87:28

– Endovascular – 42 (26%)
• Embolus : thrombotic – 12:26



Results

• Endovascular first approach:
– Lower mortality

– Lower bowel resection

– Less short gut syndrome

• Remember: majority of open operations were for embolic 
disease; majority of endo procedures were for thrombosis
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Comparison of open and endovascular treatment of acute 
mesenteric ischemia

Beaulieu, Arnaoutakis, Abularrage, Efron, Schneider, Black
J Vasc Surg 2014; 59:159-64

• National Inpatient Sample database, 2005 – 2009

• ICD-9 code for AMI and vascular intervention

• 23,744 patients presented with AMI (out of ~40,000,000 
admissions, i.e., 0.06% of all admissions)

– 4,665 – interventional treatment (bowel resection, vascular 
intervention)

– 679 – vascular intervention (14.6% of patients who had 
intervention; 2.9% of all patients with ICD-9 code for AMI)

• 514 (76%) open surgery

• 165 (24%) endovascular
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Results
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• Mortality remains high despite the treatment

• “…endovascular intervention in AMI has increased substantially in 
the modern era and is less commonly associated with mortality, 
bowel resection, and the use of TPN in a cohort of patients with 
similar baseline characteristics to those undergoing open repair.”

• The results are extracted from a data base and are non-
randomized – I still have to believe that there is bias associated 
with initiation of treatment



Reasons for Open-first Strategy
(Orr and Endean)

1. Open operation allows the surgeon to assess and treat 
infarcted bowel at the time of revascularization

2. Open revascularization assures the most rapid 
revascularization

3. Open approach eliminates surgeon and institution 
variability inherent with advanced endovascular 
techniques

4. There is no proven mortality advantage with 
endovascular-first approach
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1.  Allows assessment and treatment of ischemic bowel

• Bowel infarction remains a predictor of mortality and 
therefore must be evaluated

• AMI is a surgical emergency

• Recommend liberal use of second look laparotomy 

Embolus 
(n=22)

Thrombosis 
(n=20)

Overall Mortality 59% 62%

Massive bowel necrosis (number) 5 8

Mortality, excluding diagnostic 
laparotomy

47% 38%
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2. Open-first Decreases Delay in Restoring 
Blood Flow

• Two ends of the spectrum

– Symptoms < 12 hours – bowel resection with 
revascularization is less likely

– Symptoms > 60 hours - likely have either a 
partially occlusive process or have well-developed 
mesenteric collateral vessels (Subset that might be 
suitable for an endovascular-first approach)

• Many (?most) patients are between
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• Authors state that delay in definitive treatment does not affect 
outcome

• I would suggest that there is selection bias:  Patients who have 
longer symptoms had partially occlusive disease or well-developed 
collaterals; those with severe symptoms underwent urgent (open) 
operation

Endo-First (n=56) Open-First (n=14)

Embolus 16 (28%) 9 (64%)

Thrombosis 40 (72%) 5 (36%)

Median time to treatment 62 hours 26 hours

Mortality 39% 50%
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• 72 patients with AMI

– Thrombosis: 48 (67%)

– Embolus: 24 (33%)

• All had open revascularization

– Bowel resection required in 22 (31%)

– Second look laparotomy done in 38 (52%)

• Mortality: 31%

– Symptoms < 12 hours – 14% mortality

– Symptoms > 12 hours – 75% mortality

• Prolonged symptom duration independently predicted mortality

• “Aggressive surgical intervention should be performed as promptly 
as possible in patients once the diagnosis of AMI is made.”

J Vasc Surg 2007;46:467-74



3. Variability in Physician/Institution Expertise

• Technical failures are reported in essentially all reports of 
endovascular procedures

• Variability in operative time
– Wyers, et al* – mean operative time: 329 ± 46 minutes

– Arthurs, et al** – mean operative time: 120 minutes

• Endovascular techniques may be attempted by non-vascular 
surgeons
– Focus on the vascular aspect with neglect of, or delay for, the presence or 

development of bowel infarction

– Delay in transfer to providers that can provide open treatment if 
endovascular treatment fails
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4. No Proven Advantage

• No prospective randomized trials exist

• Bias is inherent with current reports:

– Patients with severe symptoms, high suspicion for 
bowel infarction will likely have open - first 
approach

– Many studies exclude patients with AMI who did 
not undergo intervention (massive bowel 
necrosis) – usually diagnosed by laparotomy



What is the real Challenge?

• Dr. Björck has stated that the challenge is to get patients with 
AMI treated
– CTA has almost replaced physical exam in most ED’s

– Mesenteric occlusion/thrombosis should be readily apparent

– Mesenteric occlusion + abdominal pain should result in a vascular 
evaluation

• If patients had early diagnosis, the type of intervention might be 
a secondary debate
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Compromise?

• Address ischemia:

– Begin thrombolysis

– Consider catheter-based thrombectomy

• Laparoscopy 
– Assess bowel viability

– Convert to open as needed

• Concerns
– Safety of laparoscopy/bleeding in setting of thrombolysis and 

anticoagulation

– Does not avoid general anesthesia
• Is creation of pneumoperitoneum safe in elderly patient with ischemic 

bowel?

• Will all the bowel be visualized? (False sense of security)

- 33 -



Are there areas of agreement?

• AMI is an uncommon condition

• There are no randomized controlled trials that 
compare endovascular-first with open-surgery 
first for the treatment of AMI

• Most series are small, observational reports, and 
have methodological problems and are likely to 
introduce bias

• Hybrid approach (I consider an open procedure)

– Retrograde angioplasty/stent

– Allows thorough assessment of bowel
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Conclusions

• There are no randomized-controlled studies on which to base 
treatment choice

• Large population studies appear to suggest that endo-first approach 
has: 

– Improved mortality

– Lower incidence of bowel resection

– Less short gut syndrome

– Probable selection bias

• AMI is a life-threatening condition – untreated bowel infarction is lethal
– Patients often are elderly, multiple medical conditions and therefore little 

physiologic reserve

– Open-first strategy provides these patients with the best possible outcome:
• Assures rapid revascularization – limits bowel ischemia/infarction

• Allows thorough assessment of the bowel 

• Resect obvious infarcted bowel

• Liberal second look laparotomy to re-evaluate ischemic bowel; preservation of 
bowel length
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I leave it to you to decide

Endo-first

or

Open-first

- 36 -



Thank You

- 37 -



- 38 -



Avoid Laparotomy?
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• Endovascular-first approach

– 31% of patients avoided laparotomy

– Conversely - ~70% required a laparotomy

– “…necrotic bowel requiring resection…negatively 
affected overall mortality”



Avoid Laparotomy?

• Non-randomized

• 161 procedures done for AMI
– 99 embolus

– 54 thrombosis

– 5 SMA dissection

– 5 other

• Open 121; Endo 42

• Open had higher frequency of embolism

• Endo procedures
– 23.42 (55%) had laparotomy in conjunction with endo-revascularization

– 12/39 (31%) had second-look laparotomy
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• Patients with severe symptoms

– Earlier and easier diagnosis

– Suffer from more severe intestinal ischemia

– ? More likely to undergo open procedure

• Insidious onset of symptoms

– Delay in diagnosis

– Delay in treatment and higher mortality rate

• Suggests bias – open operation for clinically more severe 
presentation
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• Non-randomized, EVT done in 
angiography suite

• 66 patients with AMI, excluded 16 
(24%) because:

– No intervention (7)
– Bowel resection only (4)
– Massive necrosis (5)

• Cause of AMI
– Embolus: 18/50 (36%)
– Thrombosis: 32/50 (64%)

• 11 had thrombosis on CT
• 21 calcified SMA occlusion

• All 50 patients had EVT - first
• Technical success: 44/50 (88%)

– Six “successes”: residual emboli, 
distal embolization, SMA 
dissection

– 3/6 died

• Mortality:
– Embolus: 39%
– Thrombosis: 28%

• Thrombosis 5/11 (45%)
• Calcified occlusion 4/21 (19%)

• Factors associated with survival
– Symptoms >3 days (OR 15.00, 

95% CI 1.78-126.0)
– Likely these patients had 

collateral flow
• Factors associated with mortality

– Metabolic acidosis (OR 12.76, 
95% CI 3.08-52.82)

– Elevated lactate (OR 14.64, 
95% CI 2.82-75.95)

– Markers of bowel ischemia
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Conclusions

“Failure was more common in PTA/S [stent].  A heavily calcified 
occlusion may bring difficulties during recanalization of the target 
vessel. To avoid wasting time on futile attempts at EVT, open 
revascularization should be considered as primary treatment for 
those cases”

“ Open embolectomy, surgical bypass, or hybrid stenting may be the 
fastest way to achieve bowel reperfusion in some cases…In case of 
peritonitis, septic shock, severe metabolic acidosis, or strong CT 
signs of bowel necrosis, any delay in surgical treatment results in 
larger bowel necrosis.  Damage control laparotomy first with 
subsequent open or endovascular revascularization should be the 
treatment approach in those patients”



Is there a role for Endovascular Treatment in 
Acute Ischemia?
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Pros and Cons

• Focus on arterial causes of acute ischemia – embolus or 
thrombosis

• Pros:
– Avoid laparotomy

• Patients often have many comorbid conditions

– Quicker recovery time

– Improved outcomes

• Cons:
– Critical to outcome is status of the bowel

– Endovascular approach may delay revascularization

– Ultimately places patient at increased risk
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Avoid Laparotomy

• Goals of treatment:
– Reestablish blood flow to bowel

– Evaluate bowel viability

• Resect obvious infarcted bowel

• Preserve bowel length

• Can these goals be accomplished by minimally invasive methods?
– Catheter based revascularization

• Thrombolysis

• Mechanical catheter-based thrombectomy

• Angioplasty and stent

– Bowel viability

• Advanced imaging techniques

• Careful monitoring of patient status

• Laparoscopy as needed
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Should Laparotomy be Avoided?

• Catheter-based revascularization
– How quickly can flow be reestablished?*

• Median duration of symptoms:

– Catheter based procedure: 62 hours

– Open: 26 hours

• Embolic causes – 68% underwent open

• Duration of thrombolysis can vary: one day (58%) to three days (5%)

• Duration of procedure

– 120 minutes (Arthurs et al*)

– 329 minutes (Wyers, et al**)

• Technical success – 87%*

– Failures related to inability to cross occluded lesion

– Open revascularization is delayed
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Selection bias?



Should Laparotomy be Avoided?

• Bowel viability

– Bowel resection is required in 31% -
93% of cases in recent studies

– Arthurs, et al

• Laparotomy reserved for those who 
had clinical deterioration or developed 
peritoneal signs

• 31% of patients avoided a laparotomy

• 69% underwent a laparotomy

• “…necrotic bowel requiring 
resection…negatively affected 
mortality.”

– Can advanced imaging actually 
differentiate between infarcted and 
ischemic bowel?

– Do we have experienced clinicians who 
can and will recognize early signs of 
deterioration or the subtleties of 
peritonitis?
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Portal venous air



Should Laparotomy be Avoided? 

• Is there a proven advantage with endovascular treatment?
– Few studies compare endovascular to open revascularization for acute 

mesenteric ischemia, no randomized studies

– There is inherent bias

• More acutely ill patients, likely have poor collateral flow, more urgent 
intervention

• Patients with thrombosis may have collateral vessels that maintain bowel 
viability, allowing for increased time

– Missed bowel infarction, even focal areas, can be catastrophic!

• I advocate an aggressive approach to restoration of flow and 
evaluation of the status of the bowel – open approach
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Conclusion

• Endovascular approach may be utilized in highly selected patients

• Safest approach is generally open operation
– Revascularization established

– Assessment of bowel viability

• Improvement in outcome for acute mesenteric ischemia 
continues to require early diagnosis and treatment
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