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Abstract

Objectives—It is unknown whether increased endovascular treatment of chronic mesenteric
ischemia has led to decreases in open surgery, acute mesenteric ischemia, or overall mortality. The
present study evaluates the trends in endovascular and open treatment over time for chronic and
acute mesenteric ischemia.

Methods—We identified patients with chronic or acute mesenteric ischemia in the Nationwide
Inpatient Sample and CDC database from 2000-2012. Trends in revascularization, mortality, and
total deaths were evaluated over time. Data were adjusted to account for population growth.

Results—There were 14,810 revascularizations for chronic mesenteric ischemia (10,453
endovascular, 4,358 open), and 11,294 revascularizations for acute mesenteric ischemia (4,983
endovascular, 6,311 open). Endovascular treatment increased for both chronic (0.6 to 4.5/Million,
P < 0.01) and acute mesenteric ischemia (0.6 to 1.8/Million, P < 0.01). However, concurrent
declines in open surgery did not occur (chronic: 1 to 1.1/Million, acute: 1.8 to 1.7/Million).
Among patients with acute mesenteric ischemia, the proportion with atrial fibrillation (18%) and
frequency of embolectomy (1/Million per year) remained stable. In-hospital mortality rates
decreased for both endovascular (chronic: 8% to 3%, P < 0.01; acute: 28% to 17%, P < 0.01) and
open treatment (chronic: 21% to 9%, P < 0.01; acute: 40% to 25%, P < 0.01). Annual population-
based mortality remained stable for chronic mesenteric ischemia (0.7 to 0.6 deaths per Million/
year), but decreased for acute mesenteric ischemia (12.9 to 5.3 deaths per Million/year, P < 0.01).

Conclusions—Population mortality from acute mesenteric ischemia declined from 2000-2012,
correlated with dramatic increases in endovascular intervention for chronic mesenteric ischemia,

Address for Correspondence: Marc L. Schermerhorn MD, 110 Francis St. Suite 5B, Boston, MA 02215, Phone: 617-632-9971, Fax:
§17-632-7977, mscherm@bidmc.harvard.edu.

Authors contributed equally to this work
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosures: Marc L. Schermerhorn is a consultant for Endologix and Medtronic. Duane S. Pinto is a consultant for Medtronic. All
other authors have nothing to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zettervall et al.

Page 2

and in spite of a stable rate of embolization. However, open surgery for both chronic and acute
ischemia remained stable.
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Introduction

Methods

Over the last decade, mesenteric angioplasty and stenting has replaced open surgical repair
as first-line treatment in patients with chronic mesenteric ischemia and favorable anatomy
owing to its association with lower early postoperative morbidity and mortality compared to
open repair. However, it is well known that endovascular treatment leads to higher rates of
restenosis, symptom recurrence, and reintervention. Moreover, each reintervention carries
with it its own additional risk of morbidity and mortality, and the potential impact of this
cumulative risk is unknown.1=> Acute mesenteric ischemia is also increasingly being
managed by endovascular means, although the role of mesenteric angioplasty and stenting in
acute mesenteric ischemia remains to be defined.5: 7

Prior reports demonstrated an increased use of endovascular revascularization for both
chronic and acute mesenteric ischemia, yet an expected decline in open surgery has not been
documented.? In addition to the increased use of endovascular techniques, medical
management of disease entities associated with mesenteric ischemia including atrial
fibrillation and atherosclerotic disease has changed in the last 15 years with dramatic
increases in the use of warfarin, statins, and antiplatelet medications, as well as
pharmacologic and ablative techniques to maintain sinus rhythm.8-11 While these
improvements have been associated with prevention of stroke and cardiac events, it is not
clear if the increase in medical management is associated with a decline in acute mesenteric
ischemia or patient mortality following revascularization.® 12-16

Given these gaps in knowledge, this study aims to evaluate recent trends in the treatment of
mesenteric ischemia and utilization of endovascular and open surgery. Furthermore, this
study aims to assess whether trends in treatment are correlated with changes in in-hospital
mortality, total deaths from mesenteric ischemia, and the frequency of embolectomy and
atrial fibrillation among patients with mesenteric ischemia.

The Nationwide Inpatient Sample (NIS) was utilized to examine trends in admissions and
treatment of acute and chronic mesenteric ischemia between 2000 and 2012. The NIS is one
of several publicly available health care databases offered by the Healthcare Cost and
Utilization Project. Representing the largest all-payer inpatient care database in the United
States, the NIS approximates a 20 percent stratified sample and captures close to 8 million
hospital discharges each year. Trend weighting is used produce national and regional
estimates. Further detailed information may be found at http://www.hcup-us.ahrg.gov.
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We identified all patients with /nternational Classification of Diseases, 9" Revision (ICD-9)
classified primary diagnosis codes for acute (557.0) or chronic (557.1) mesenteric ischemia,
and those with ICD-9 code 557.9 (unspecified vascular insufficiency of the intestine) were
excluded. Mesenteric revascularizations were categorized as endovascular interventions
including mesenteric angioplasty (39.50) and stent placement (39.90), or open surgical
interventions, including mesenteric bypass (39.26, 38.36, 38.46), mesenteric embolectomy
(38.06), or mesenteric endarterectomy (38.16). Thrombolysis (99.10) was classified as an
endovascular intervention if it was performed alone. Any thrombolysis performed
concurrently with an open surgical intervention was classified as open surgery. Arrhythmia
including atrial fibrillation and flutter was also identified from ICD-9 coding (427.3, 427.31,
427.32). Patients undergoing aortic reconstruction and individuals younger than 18 years of
age were excluded from analysis. Because bowel ischemia may occur at presentation in
patients with acute mesenteric ischemia, it was evaluated as a baseline characteristic for
patients with acute mesenteric ischemia, and was adjusted for in multivariable analysis.
Among patients with chronic mesenteric ischemia, bowel ischemia was considered an
adverse outcome and therefore not listed in table 1.

Trends in total population mesenteric ischemia related deaths were obtained from the Center
for Disease Control (CDC) WONDER Underlying Cause of Death database. This database
contains mortality data derived from death certificates of U.S. residents in all 50 states and
Washington D.C. The underlying cause of death is recorded on each death certificate using
the International Classification of Diseases, 10" Revision (ICD-10) classification (K55.0:
acute mesenteric ischemia and K55.1: chronic mesenteric ischemia). These CDC data were
used to identify trends in mortality among all patients who died of mesenteric ischemia over
the age of 18 and compare overall population mortality to the operative mortality identified
in the NIS. More information may be found at: http://wonder.cdc.gov. The Institution
Review Board of Beth Israel Deaconess Medical Center approved this study and waived
consent due to the de-identified nature of the NIS database.

Statistical Analysis

Results were indexed to the population and expressed per million using data provided by the
U.S. Census Bureau.l” Comparisons between subgroups were made using the X2 test for
categorical data and the Student’s t-test or Wilcoxon rank sum test for continuous data.
Statistical significance was defined as P < 0.05. Univariate and multivariable logistic
regression analysis were performed to identify predictors of in-hospital mortality. Purposeful
selection was used to select variables for inclusion into each model.® This included all
variables with P < 0.1 on univariate screen as well as those variables shown to be predictive
of each evaluated endpoint in previous studies. Each logistic regression model was evaluated
for goodness of fit using Hosmer-Lemeshow testing. Statistical analyses were performed
using SPSS (version 22.0) and graphical analysis was completed using GraphPad (version
6.0)
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Between 2000 and 2012, 27,415 revascularization procedures were performed for
mesenteric ischemia (12,517 for acute mesenteric ischemia, 14,897 for chronic mesenteric
ischemia). Among patients with chronic mesenteric ischemia, 4,358 (29%) underwent open
surgery and 10,540 (71%) underwent endovascular intervention. Among patients with acute
mesenteric ischemia 6,311 (50%) patients underwent open surgery and 6,206 (50%)
underwent endovascular intervention (Table 1).

Demographics

The baseline demographics and comorbidities of patients undergoing revascularization for
chronic mesenteric ischemia and acute mesenteric ischemia are listed in Table 2. The
majority of patients undergoing interventions for both chronic (Open: 78%, Endovascular:
72%) and acute mesenteric ischemia (Open: 64%, Endovascular: 66%) were female. More
patients with chronic mesenteric ischemia underwent endovascular treatment compared to
open (Endovascular: 10,540, Open: 4,358), and those undergoing endovascular treatment
were older (74 years vs. 68 years, P < 0.01), less likely to be female (72% vs. 78%, P <
0.01), and had a higher incidence of comorbidities including: hypertension (68% vs. 55%, P
< 0.01), peripheral arterial disease (43% vs. 35%, P < 0.01), coronary artery disease (46%
vs. 30%, P < 0.01), myocardial infarction (9% vs. 7%, P < 0.01), congestive heart failure
(18% vs. 14%, P < 0.01), diabetes (28% vs. 17%, P < 0.01), chronic obstructive pulmonary
disease (29% vs. 26%, P < 0.01), chronic kidney disease (16% vs. 6%, P < 0.01). Atrial
fibrillation and stroke rates did not differ between patients undergoing endovascular and
open intervention for chronic mesenteric ischemia. Alternatively, slightly more patients with
acute mesenteric ischemia underwent open repair compared to endovascular intervention
(Endovascular: 6,206, Open: 6,311) and gender was not significantly different between the
two treatment groups. Older age (72 vs. 71 years, P < 0.01) and comorbid conditions
remained more common among patients undergoing endovascular treatment. The notable
exception of atrial fibrillation (39% vs. 22%, P < 0.01) and a history of stroke (5% vs. 4%, P
< 0.01) were more prevalent in those undergoing open repair for acute mesenteric ischemia,
which reflects that acute mesenteric ischemia due to embolism was more likely to be treated
with open surgery.

Trends in Treatment

Over time, the total number of revascularizations among patients with chronic mesenteric
ischemia has increased (1.8 to 5.6 per million, P < 0.01) (Figure 1). However, the volume of
open revascularizations remained stable (1 to 1.1 per million), thus the rise in chronic
mesenteric ischemia interventions was driven by endovascular treatment (0.8 to 4.6 per
million, P < 0.01), which surpassed open surgery as the dominant method of
revascularization in 2002.

Similar to chronic mesenteric ischemia, the number of patients undergoing revascularization
for acute mesenteric ischemia increased over time (2.6 to 4.0 per million, P < 0.01), driven
by an increase in endovascular intervention (0.7 to 2.3 per million, P < 0.01), while the
number of open procedures remained stable (1.8 to 1.7 per million).
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Given the increased use of anticoagulation for atrial fibrillation, 12 19. 20 we next evaluated
the trends in type of open procedures completed and frequency of atrial fibrillation among
patients with acute mesenteric ischemia. Embolectomy (0.8 to 1.0 per million), bypass (0.9
to 0.6 per million), and endarterectomy (0.1 to 0.1 per million) all remained relatively stable
between 2000 and 2012. Additionally, despite improved medical therapy, the frequency of
atrial fibrillation among patients with acute mesenteric ischemia was 18% and remained
stable over time (18.1% to 17.9%).

Trends in Population Mortality

The total number of deaths among all patients with chronic mesenteric ischemia in the
United States remained stable between 2000 and 2012 as reported by CDC Wonder database
(0.7 to 0.6 per million). Total population mortality among patients with acute mesenteric
ischemia declined from 12.9 to 5.3 deaths per million over the same time period (P < 0.01)
(Table 3).

Trends in In-Hospital Mortality

Over the entire study period, in-hospital mortality among patients treated for chronic
mesenteric ischemia was higher following open surgery than endovascular intervention
(13% vs. 4%, P < 0.01). Similar results were found following intervention for acute
mesenteric ischemia (37% vs. 16%, P < 0.01). However, patients undergoing open surgery
for acute mesenteric ischemia were more likely to undergo a bowel resection (47% vs. 26%,
P < 0.01) likely reflecting presentation at a more advanced stage of disease. When
differences in patient demographics and comorbid conditions were accounted for, open
surgery remained independently predictive of mortality for both chronic mesenteric ischemia
(Odds ratio (OR): 3.6, 95% Confidence Interval (Cl) 3.2-4.2, P < 0.01) and acute mesenteric
ischemia. (OR: 2.7, 95% CI: 2.5-3.0, P < 0.01).

Overall, in-hospital mortality rates declined from 13% to 4% among patients undergoing
revascularization for chronic mesenteric ischemia (P < 0.01) (Figure 2). The declines were
greatest among patients undergoing open treatment, with rates declining from 20% in 2000
to 9% in 2012 (P < 0.01). The mortality rate associated with endovascular treatment also
decreased from 8% to 3% over the same time period (P < 0.01). The total number of deaths
following revascularization remained stable with a decline among patients undergoing open
procedures from 0.2 to 0.1 deaths per million and an increase from 0.02 to 0.1 deaths per
million (P < 0.01) among patients treated with endovascular intervention, reflecting
changing practice patterns (Figure 3).

In-hospital mortality also declined dramatically among patients undergoing revascularization
for acute mesenteric ischemia (37% to 21%, P < 0.01) (Figure 2). Following endovascular
intervention mortality rates declined from 28% in 2000 to 18% in 2012 (P < .01). Mortality
rates following open surgery also declined from 40% to 25% over the same time period (P <
0.01). Among patients with open treatment, the decline in mortality rate was driven by
embolectomy, the most common open procedure for acute mesenteric ischemia, which had a
dramatic decline in mortality from 52% to 26% over the study period (P < 0.01). The total
number of deaths following open revascularization decreased from 0.7 to 0.4 deaths per
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million (P < 0.01) while total deaths after endovascular treatment remained increased (0.2 to
0.4 deaths per million, P < 0.01) likely due to the noted increase in the number of patients
treated with endovascular intervention over time (Figure 3).

Discussion

Our study found that between 2000 and 2012 revascularization for both chronic and acute
mesenteric ischemia increased due to significant growth in endovascular intervention.
Additionally, in-hospital mortality rates following revascularization for both chronic and
acute mesenteric ischemia declined for open and endovascular intervention. The total deaths
following revascularization for chronic mesenteric ischemia remained stable and total deaths
following revascularization for acute mesenteric ischemia declined despite stable rates of
embolectomy.

There are multiple factors which likely contributed to the decreased in—hospital mortality
associated with revascularization for both acute and chronic mesenteric ischemia including:
improved disease recognition, earlier disease recognition, more frequent treatment, risk
factor reduction including a national decline in the prevalence of smoking, and improved
medical management through the increased use of statins, antiplatelet agents, and
anticoagulation.? These findings parallel secular trends in declining mortality from
atherosclerotic heart disease and stroke.22 Additionally, improvements in critical care and
changes in operative practice likely played a major role in improved patient outcomes. Our
study highlights the increased use of endovascular treatment, which has been associated with
decreased mortality compared to open surgery both here and in previous studies.t 4 5 23
However, the increase in endovascular treatment alone cannot explain the dramatic mortality
declines. Among patients with chronic mesenteric ischemia, the overall increase in number
of patients being treated, may suggest an increased use of abdominal imaging, broadening of
inclusion criteria for revascularization to treat patients with an equivocal diagnosis of
chronic mesenteric ischemia, but in whom endovascular intervention is considered low risk,
subsequently lowering the overall risk of mortality for all patients. Additionally, high-risk
patients with malnutrition are likely being treated with endovascular intervention and may
undergo open surgery only after improvement in their nutritional status leading to a decrease
in the mortality rate in the open cohort as well.

While our study identified improved mortality rates following revascularization for both
acute and chronic mesenteric ischemia, our data and CDC Wonder revealed that the total
number of deaths from chronic mesenteric ischemia have remained stable while acute
mesenteric ischemia deaths have declined. Of note, the CDC Wonder database can only be
used to assess the total number of deaths in the population (i.e. deaths/population size),
whereas the NIS can be used to determine rates of death (deaths/interventions). The total
number of deaths in both databases were stable for chronic mesenteric ischemia and lower
for acute mesenteric ischemia, but only the NIS can be used to measure the rates of death per
interventions. Given the dramatic increase in intervention for chronic mesenteric ischemia
and low likelihood of dying from this condition, a stable number of people are dying as a
result of intervention despite a lower mortality rate. Among patients with acute mesenteric
ischemia, the decline in total number of deaths is in part the result of declining mortality
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rates with revascularization. It can be further hypothesized that the increase in endovascular
revascularization for chronic mesenteric ischemia may also be contributing to the decline
deaths from acute mesenteric ischemia by preventing the progression among patients with
chronic disease. Additionally, the rise in endovascular treatment of acute mesenteric
ischemia may be in part related to treatment of those with acute on chronic ischemia due to
restenosis after prior endovascular intervention for chronic ischemia. However, these
hypotheses cannot be proven by this study.

In addition to improved mortality rates following intervention, this study found an increase
in revascularizations for both chronic and acute mesenteric ischemia. Operatively, treatment
of mesenteric ischemia was revolutionized by the introduction of endovascular techniques.
For patients with chronic mesenteric ischemia, endovascular treatment surpassed open
surgery as the dominant technique for revascularization in 2002 due to the lower morbidity
and mortality associated with the approach, and today, endovascular intervention is
considered the preferred first-line approach for most patients with chronic mesenteric
ischemic, regardless of the patient’s operative risk.24 An aging population and the decrease
in morbidity and mortality associated with endovascular procedures has also led to broader
inclusion of patients who previously may have been considered unfit for open surgical repair
and is a potential factor driving the growth in revascularization found in our study.* High
rates of restenosis and reintervention associated with the endovascular approach have also
likely contributed to the increased number of revascularizations.l: 3: 2

Although endovascular treatment has been increasingly employed, embolectomy has not
decreased for the treatment of acute mesenteric ischemia, and there are only a few moderate
sized retrospective reports comparing the utility of open and endovascular intervention
among patients with acute mesenteric ischemia. Arthurs et al. reported their experience
treating acute mesenteric ischemia in 70 consecutive patients from 1998 to 2008 and found
despite initial technical success rate of 87%, only 30% of patients were able to avoid
laparotomy, and 13% of endovascular patients required subsequent open revascularization
despite shorter segments of ischemic bowel and longer symptom duration in the
endovascular group suggesting a lesser disease burden among endovascular patients.6 Even
at centers of excellence in endovascular treatment, 88% of patients between 1999 and 2010
underwent open revascularization, without dramatic changes in open treatment over time.”
These studies in conjunction with the results from our study suggest that the need to evaluate
intestinal viability and perform embolectomy may explain why the open approach is still
often preferred.

In addition to the importance of changing operative technique, the medical management of
atrial fibrillation and atherosclerotic disease has changed dramatically over the last decade.
Data from multiple national studies have demonstrated a considerable increase in the
prevalence of statin, antiplatelet, and anticoagulation use over time.8: 9. 11,12, 19,20
Interestingly, Kirley et al. found that anticoagulation and antiplatelet use has plateaued in
more recent years.26 Additionally, several studies have found significant increases in the
utilization of ablation, cardioversion, and amiodarone in an effort to maintain sinus
rhythm.10. 20 These combined efforts have been utilized in an attempt to decrease the
prevalence of atrial fibrillation and to reduce the risk of adverse cardiovascular and
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thromboembolic events (particularly embolic events in patients with atrial fibrillation).27-30
Unfortunately, our study found that among patients with acute mesenteric ischemia, the
proportion of patients with atrial fibrillation and the proportion of surgical patients
undergoing embolectomy have remained nearly the same between 2000 and 2012,
suggesting that increased medical management efforts aimed at preventing thromboembolic
events have not resulted in a decreased risk of acute embolic mesenteric ischemia. These
findings are similar to those found by Ryer et al., which found that the frequency of
embolectomy did not decline, but rather increased in their study period of 1990-1999 and
2000-2010 at the Mayo Clinic.”

This study found changes in the trends of operative treatment of mesenteric ischemia over
time. However, additional answers are needed to further improve morbidity and mortality
associated with mesenteric ischemia and to identify the optimal treatment modalities for
specific patient populations. First, it should be noted that this study was unable to evaluate
the long-term outcomes of patients with mesenteric ischemia or the frequency of
reintervention due to limitations of the NIS database. Given the dramatic increase in
endovascular intervention and the high likelihood of reintervention, these data are pertinent
to understanding the long-term impacts of this change in paradigm. Moreover, despite clear
improvements in morbidity and mortality for patients undergoing endovascular treatment,
the rate of open revascularization remains stable for both chronic and acute mesenteric
ischemia. This leads to important questions regarding who continues to perform open
operations and for what type of patient. More clinical detail is needed to appropriately
stratify populations in order to identify those that may benefit most from one intervention
over another. Finally, given the significant cost associated with medical management of
atrial fibrillation and decreased incidence in stroke associated with the treatment of this
condition, it is unclear why the rates of embolectomy and atrial fibrillation among patients
persist without improvement in patients with acute mesenteric ischemia.? While these
questions are unable to be discerned from the current study, the results of our analysis
provide important data to guide future research.

This study has several further limitations that must be acknowledged. This study is limited
by the nature of the databases. In addition to potential problems with coding, there is no
ability to track patients within the NIS longitudinally, making it difficult to identify
reintervention and conversion from chronic to acute mesenteric ischemia. This is particularly
important for analyzing the long-term outcomes of patients undergoing endovascular
treatment for chronic mesenteric ischemia, for whom the perioperative mortality following
each endovascular procedure may be lower relative to open repair, but for whom cumulative
mortality after repeated reinterventions is unknown, and risk for conversion to acute
mesenteric ischemia remains unclear. Additionally, the NIS tracks inpatients only, and any
patient treated in ambulatory surgery centers cannot be accounted for. Finally, no detailed
procedural or anatomic information is available, which may influence the decision of
operative approach, and it is likely that open surgery was reserved for patients with a greater
burden of disease which could not be accounted for.
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The mortality rates following revascularization and total deaths from acute mesenteric
ischemia have declined in the last 12 years in correlation with dramatic increases in the
endovascular treatment of chronic mesenteric ischemia. However, despite increased
intervention and improvements in medical management, the frequency of embolectomy for
acute mesenteric ischemia remains unchanged. Surprisingly, the rate of open surgery for
both chronic and acute mesenteric ischemia remains stable. Further research is warranted to
better understand the long-term impact of changing revascularization practice patterns and
identify how to best prevent acute mesenteric ischemia in patients with arrhythmia.
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Figure 1. Trends in the Number of Procedures Performed for Mesenteric Ischemia
The total number of revascularizations for mesenteric ischemia from 2000-2012 correlated

with increased used of endovascular interventions; while open surgery has remained stable.
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Figure 2. Trends in In-Hospital Mortality Rates following Revascularization
Mortality rates following both open and endovascular revascularization for mesenteric

ischemia declined from 2000-2012.
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Figure 3. Total Number of Deaths following Revascularization
The total number of deaths following revascularization did not decline from 2000-2012.
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Total Deaths from Mesenteric Ischemia 2000-2012 (CDC Wonder)

Table 3

Year

Chronic

Acute

Deaths per Million

Percent of Total Deaths (%)

Deaths per Million

Percent of Total Deaths (%0)

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

0.7
0.7
0.7
0.6
0.6
0.5
0.5
0.4
0.5
0.6
0.7
0.7
0.6

7.8
8.3
8.1
6.9
6.4
5.9
6.2
5.2
5.6
7.8
8.6
8.2
7.2

12.9
11.8
10.9
10.5
9.6
8.5
7.9
7.5
7.1
6.5
6.1
6.0
53

10.6
9.8
9.1
8.9
8.2
7.3
6.8
6.6
6.3
5.8
55
55
4.9
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