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Abstract

Acute mesenteric ischemia (AMI) is a life-threatening condition with a high mortality rate. The standard practice
after making the diagnosis includes aggressive resuscitation, anticoagulation, followed by revascularization and
resection of necrotic bowel. The role of empiric antibiotics in the management of AMI is not well defined in

the literature. This review article aims to examine our current understanding on this matter, based on bench
research and clinical studies. It is demonstrated in animal study model that the ischemia/reperfusion (I/R) injury
damages intestinal epithelium, and subsequently lead to barrier dysfunction, a condition that can support bacterial
translocation through a complex interplay between the intestinal epithelium, the intestinal immune system and
the intestine’s endogenous bacterial population. Based on this mechanism, it is possible that the use of antibiotics
may help mitigate the consequences of I/R injury, which is examined in few animal studies. In clinical practice,
many guidelines support the use of prophylactic antibiotics, based on a meta-analysis of randomized control trials
(RCTs) demonstrating the benefit of antibiotics in multi-organ dysfunction syndrome. However, there is no direct
reference to AMI in this meta-analysis. Most clinical studies that focus on AMI and mentions the use of antibiotics
are retrospective and single institution, and very few comments on the role of antibiotics in their discussions. We
conclude that there is limited evidence in literature to support the use of prophylactic antibiotic in AMI to improve
outcome. More clinical studies with high level of evidence and basic science research are needed to improve our
understanding on this topic and ultimately help build a better clinical pathway for patients with AMI.

Keywords Mesenteric ischemia, Thromboembolism, Antibiotics, Epithelial barrier, Sepsis

Background

AMI is a life-threatening condition with reported mortal-
ity rates greater than 50% [1]. Even for patients who man-
age to survive the index hospitalization, there is a high
readmission rate with a reported mortality rate of ~7%
[2]. AMI can be subdivided by precipitating etiologies:
mesenteric arterial embolism (40 to 50% of cases), mes-
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arterial embolism [4]. Typical presenting symptoms
include pain out of proportion to exam, however the
condition’s high mortality rate is partially driven by its
relatively non-specific presentation, with a broad differ-
ential diagnosis encompassing most causes of an acute
abdomen. This non-specific presentation and accompa-
nying delays in diagnosis comes at a serious cost, as there
is a significantly decreased mortality (10-20%) if AMI is
diagnosed within 6 h of presentation [5]. At present the
best diagnostic test is a computed tomographic angiog-
raphy (CTA) due to its relatively rapid and noninvasive
nature as well as high accuracy [6]. To date there are no
specific, clinically validated serum biomarkers for the
condition, although serum lactate and laboratory mark-
ers of acidosis can corroborate suspicion, and D-dimer
has been shown to be useful as an exclusion test but lacks
specificity [7-10].

Despite AMI’s high mortality, there is a relative pau-
city of high-level evidence to guide clinical practice [1,
11, 12]. In general, existing clinical practice guidelines
emphasize obtaining a CTA rapidly, aggressive fluid
resuscitation, correction of electrolyte abnormalities, and
therapeutic anticoagulation. Therapeutic anticoagulation
is particularly indicated for AMI caused by mesenteric
venous thrombosis as the first line treatment. Interven-
tions to restore venous flow is not usually required for
this subgroup. For both mesenteric arterial embolism and
thrombosis, the standard practice is to proceed with sur-
gical interventions to restore blood flow emergently, but
in clinical practice, therapeutic anticoagulation will be
initiated as a bridging therapy immediately after diagno-
sis being established or when there is high suspicion clin-
ically, to prevent worsening clot burden while awaiting
final surgical plan. The first choice of therapeutic antico-
agulation is usually unfractionated heparin, in anticipa-
tion of emergent operation and safe for patients with AKI
which is not uncommon in AMI presentation. Therapeu-
tic anticoagulation is not necessarily indicated for NOMI,
since the etiology for this subgroup is not clot burden
[1, 12]. Modern standard practice trends reflect that
patients with generalized peritonitis should be taken for
emergent laparotomy, while patients without peritonitis
should be prioritized for urgent re-vascularization proce-
dures and consideration for laparotomy to visually assess
bowel viability. There have been more recent reports of
endovascular approaches as the preferred method for
managing AMI of arterial thrombotic or embolic origin,
however this remains an open area of discussion regard-
ing best practice [1, 3, 13, 14]. The proliferation of endo-
vascular approaches has also led to renewed discussion
regarding the timing of endovascular intervention and
laparotomy for bowel viability in the patients without
generalized peritonitis with multiple studies endorsing
endovascular revascularization prior to laparotomy for
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visual inspection of bowel viability, otherwise known as
an “endovascular first” approach [15-17]. This data how-
ever remains largely retrospective, limiting the evaluation
of an endovascular first approach on patient outcomes.
While the procedural and surgical management of AMI
is largely based on decades of surgical experience with
the addition of newer endovascular options, little debate
exists with respect to the fundamental tenet that vascu-
lar patency and flow must be restored, and non-viable
bowel be resected. However, a significant knowledge gap
still exists regarding the role of empiric antibiotics, where
there is a lack of high-level evidence by way of clinical tri-
als to support or refute their role in management of AMI,
particularly when viscera are threatened but not neces-
sarily non-viable. Multiple recently written guidelines do
endorse the universal usage of broad spectrum antibiot-
ics in AMI, although they too note that there is absence
of data to guide this [1, 5, 12, 18, 19]. This relative lack
of detailed examination regarding antibiotic usage may
relate to the high proportion of cases in which AMI pres-
ents with conditions such as sepsis or septic shock, at
which point other standardized clinical decision-making
regimens dictate antibiotic usage. However, in one study
roughly 66% of patients with AMI did not end up requir-
ing a bowel resection on the initial exploratory [20]. Fur-
thermore, it is likely that a significant fraction of patients
who do undergo resection for AMI do so because non-
viability is questioned rather than confirmed. In both
these cases, antibiotics may have a particularly impor-
tant, yet unproven, role to play. Further complicating
the case for antibiotics in AMI are the risks that anti-
biotics carry such as increased rate of C. diff, renal and
hepato-toxicities, as well as the general importance of
antibiotic stewardship in critically ill [21-23]. The deci-
sion regarding antibiotic use is highly variable between
clinicians despite the clinical problem being routinely
present on most general/acute care and vascular surgi-
cal services. Management of patients without sepsis or
generalized peritonitis with AMI where there is a lack of
frankly necrotic/inviable bowel presents a dilemma for
antibiotic indication. The evolution in the management
of appendicitis is a useful corollary that suggests how
the treatment of AMI might evolve with further studies
specifically examining the role of antibiotics. Historically
the management of acute uncomplicated appendicitis has
been an appendectomy however a raft of RCTs and case
series suggested the non-inferiority of an antibiotics-
first approach for the condition similar to that of acute
uncomplicated [24]. These studies were buttressed by a
larger multicenter study from the Comparison of Out-
comes on Antibiotic Drugs and Appendectomy (CODA)
collaborative that again demonstrated the non-inferiority
of antibiotics for uncomplicated appendicitis. The CODA
study showed that of the antibiotic-only patients, only 3
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in 10 required subsequent appendectomy within 90 days
and roughly half did not require hospitalization on their
initial presentation, thus significantly reducing the mor-
bidity associated with [25].

Accordingly, this review examines the scientific and
clinical literature regarding the role of antibiotics in AMI
and ischemia/reperfusion (I/R) injury to the intestines.
Furthermore, in absence of level I evidence, this review
should also serve as a call to action for the community of
intensivists, vascular surgeons, and acute care surgeons
to further examine this question with high quality, pro-
spective trials given that antibiotic therapy is not without
risk.

AMI and sepsis in the scientific literature

A growing body of scientific literature posits that the gut
is central to the pathophysiology of critical illness, and
can be thought of as a “motor”[26]. This relationship is
evident when examining the high rates of sepsis associ-
ated with AMI as compared to other arterial occlusion
syndromes, such as myocardial infarction or stroke,
which suggests a “specific septic component” to [27].
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One of the earliest recorded links between critical illness
and the gut noted the presence of bacterial endotoxin
in patients in hemorrhagic shock. The authors went on
to hypothesize that during periods of shock the body is
uniquely vulnerable to the translocation of gram negative
bacterial [28]. These early reports gave rise to the theory
of a “leaky gut’, that when damaged allows for bacterial
translocation and systemic infection, as illustrated in
Fig. 1. This theory was bolstered with reports such as a
canine study, in which survival rates with the superior
mesenteric artery clamped for 7 h were increased in the
group of canines given [29]. A similar study conducted in
rats undergoing hemorrhagic shock lent further credence
to the theory that “shock physically perturbs the nor-
mal barrier function of the mucosa” thus explaining how
“shock results in bacterial translocation and endotox-
emia”’[30]. Despite evidence, there remained continued
skepticism, as documented by a clinical study in which
sequential portal vein sampling from 20 trauma patients
did not show evidence of portal or systemic bactere-
mia despite a relatively high rate of subsequent multiple
organ [31].

Fig. 1 Visual illustrate of a“leaky gut”for bacterial translocation during I/R injury
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A more recent body of literature suggests an interplay
between the intestinal epithelia, microbiota, and mucosal
immune cells can explain the pathophysiological impact
of ischemia/reperfusion injury. An early study examined
the impact of I/R injury on the barrier function of rat
intestinal and endothelial tissue through measurement
of the flow or radiolabeled albumin as well as visualiza-
tion of tissue through electron microscopy. It found that
the period of ischemia with subsequent reperfusion cor-
related with the degree of epithelial barrier (and endo-
thelial) [32]. Further study regarding the mechanistic link
between barrier dysfunction and bacterial translocation
has shown that intestinal inflammation can trigger tran-
scellular migration of normally non-invasive bacterial
species even prior to the disruption of intestinal tight
junctions, which had long been purported as the avenue
through which bacteria move past the epithelial [33].
Beyond inducing barrier dysfunction, I/R injury has also
been shown to markedly impact the numbers as well as
phenotypes of murine gut-associated lymphoid [34]. As
the impact of the microbiome has gained further atten-
tion, an increasing awareness has developed that the
microbiome itself impacts and interacts with the various
tissues, especially the intestinal ones that it resides next
to. This can be attested by recent literature that shows
that the response of murine neutrophils to I/R injury is
different based on host colonization [35]. This notion
is also supported by a recent study that demonstrated a
protective effect of dexmedetomidine in alleviating intes-
tinal I/R injury by modulating the gut flora [36, 37]. The
aforementioned studies taken in sum constitute power-
ful evidence that the response of the gut to I/R injury can
be explained by the “complex crosstalk” between the “the
intestinal epithelium, the intestinal immune system and
the intestine’s endogenous bacteria”[26].

Experiments in animals have also offered insights in
the potential role that antibiotics may play in mitigating
the damages associated with I/R injury in AMIL. A signifi-
cant proportion of the injury in I/R has been shown to
relate to the reperfusion of ischemic tissue, during which
time reactive oxygen species and other harmful inflam-
matory cytokines further compound ischemic damage.
A trial examining the impact of intestinal microbiota in
murine response to I/R injury revealed that while con-
ventional mice had marked intestinal and pulmonary
inflammatory responses with “100% lethality,” germ-free
mice did not show marked inflammation and experi-
enced no lethality with the same [38]. Somewhat disap-
pointingly, this same trial showed that conventional mice
treated with antibiotics whose stool was bacteria negative
still had a similar inflammatory response and lethality
to untreated conventional [38]. Contrary to the previ-
ous study, a subsequent murine study in which antibiotic
treatment preceded I/R injury showed that antibiotic
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treatment “attenuated intestinal [I/R] injury” with the
authors encouraging efforts that involve “manipulation of
the gut flora with probiotics [or] antibiotics” in patients
who suffered I/R [39]. From a biological standpoint, even
when intestinal viability remains, the epithelial barrier
function is nonetheless compromised by I/R injury and
leads to direct bacterial exposure of the lamina propria
and submucosa, where much of the intestinal innate
immunocytes reside (e.g. macrophages, dendritic cells,
lymphocytes) and blood vessels to deliver acute inflam-
matory cells like neutrophils travel through. Such direct
exposure of bacteria to a normally sterile tissue space
occupied by immune cells and inflammatory cell con-
duits inevitably leads to significant inflammation as the
body works to prevent bacteremia and sepsis, a response
that is both necessary but also potentially damaging to
the host tissues, a pyrrhic victory of sorts. It is plausible
then, although unproven, that antibiotic therapy would
aid in preventing both an overwhelming inflammatory
response as well as bacteremia. In clinical conditions like
ischemic colitis, where repeated episodes are known to
cause significant fibrosis/scarring of the effected colon
segments which itself begets further ischemic suscep-
tibility, early antibiotic initiation may prevent the latter
phenomena although this, too, is [40].

Review of the clinical literature
Despite the previously discussed purported biological
mechanism between gut ischemia and increased risk for
mucosal translation along with studies suggesting a role
for antibiotics in the treatment of AMI, to date there
have been very few studies examining the role of pro-
phylactic antibiotics. We summarize some of the more
recent literature regarding AMI with a focus on antibi-
otics in Table 1. It is notable that much of the literature
is composed of retrospective single institution studies.
As outlined in Table 1, many of the studies do not men-
tion antibiotics at all, while few studies had one sentence
mentioning antibiotics use in method, but no further dis-
cussion related to antibiotics in the rest of texts. Exam-
ining some of the recent literature that is summarized
in Table 1, two additional trends seem evident. In recent
years, there have been multiple trials that document the
proliferation of intestinal stroke centers, seemingly mir-
roring clinical care pathways that already exist for neu-
rological stroke or myocardial [41-44]. These studies
endorse this development and believe intestinal stroke
centers can improve AMI outcomes. In addition, much of
the most recent literature is meant to provide more infor-
mation regarding the role of endovascular therapy and its
relative efficacy versus open surgery.

As mentioned previously, multiple clinical practice
guidelines do endorse antibiotic usage in [1, 5, 12, 19].
Interestingly, many cite a 2010 systematic meta-analysis
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of RCTs investigating oropharyngeal and intestinal
administration of antibiotics and their impact on multi
organ dysfunction [45]. The trials included were exam-
ining the use of antibiotics in populations ranging from
transplant to pediatric surgery, however they did not
include AMI. The meta-analysis focused on multiple
organ failure and purported that the antibiotic regimens
in the included RCTs were likely effective because they
stop “infection, gut overgrowth, [gram negative bacteria]
translocation, and endotoxin absorption”’[45]. As such,
despite not explicitly focusing on AMI, the meta-analy-
sis advances the same thesis that antibiotics are helpful
to prevent bacterial translocation and endotoxin release
that can result in septic shock. It is important to note that
the full protocol of selective digestive decontamination,
followed by the RCTs in the study, includes both paren-
teral (“to control primary endogenous infections”) and
enteral (“to control secondary endogenous infections of
lower airways and blood”) antibiotic administration.

Of the studies explicitly mentioning antibiotic usage in
AMLI, a few are worth discussing more extensively. Cor-
cos et al. (2013) described the workflow that they used
to build an intestinal stroke center that incorporated
evidence that oral digestive decontamination prevents
multi-organ dysfunction [41, 45]. Their medical proto-
col involves oral digestive decontamination with oral
gentamicin and metronidazole for all patients suspected
of having AMI. In addition, for patients with systemic
inflammatory response syndrome (SIRS) or organ fail-
ure they administered IV piperacillin-tazobactam. They
followed their management protocol in 18 patients, and
note that 11 of the patients did not ultimately require
intestinal resection, a very high proportion, and postu-
late that the early initiation of a medical protocol that
“[ed]...bacterial or inflammatory [s]” potentially reduced
the need for [41]. Building upon this work and recogniz-
ing that prevention of irreversible transmural intestinal
necrosis is the treatment goal in AMI, Nuzzo et al. aimed
to investigate factors that would delay deleterious pro-
gression of [27, 41]. They retrospectively analyzed patient
data from the same intestinal stroke center as Corcos
et al. (2013) [27, 41]. They find “a significant protective
effect” for oral antibiotics against irreversible transmu-
ral intestinal necrosis and suggest that systematic use
of antibiotics motivated by the desire for oral digestive
decontamination should be placed alongside antico-
agulation and arterial revascularization as mainstays of
[27]. In addition to these two more relevant studies, two
other studies briefly mentioned antibiotics use in the
result session, but no discussion was further developed.
Caluwaerts et al. [46] included antibiotics use in one of
the result tables as a possible prognostic factor of AMI
in ICU patients. Based on retrospective data, however, it
showed the use of antibiotics was equal in both people
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who survived and people who died from AMI. On the
contrary, Jagielski et al. [11] found that antibiotics use
was more commonly seen in the group of patients who
eventually died from AMI. But there was no comment
regarding the selection criteria used to decide who to
receive antibiotics use. It is hard to decipher the clinical
significance of the results of antibiotic use from these
studies due to lack of information.

Examination of Table 1 suggests that more work needs
to be done to specifically examine the role of antibiotics
in AMI particularly in the form of RCTs and other high-
level evidence.

Conclusion and a call to action

The corollary from antibiotics evolution in management
of acute appendicitis as well as the sparse mention of
antibiotics in the AMI literature suggests a need for more
high-level evidence examining antibiotics role in AML
Even though already incorporated in many pathways or
guidelines in managing AMI, the clinical benefit of anti-
biotics use has yet to be proven. Based on our discussion
above, both basic science studies and clinical studies are
critical for building our understanding in this topic. Only
when there is adequate knowledge regarding the funda-
mental pathophysiology behind AMI built from bench-
work, can we form clinically relevant questions to better
evaluate the use of antibiotics in real-life scenario. To
further diverge, the question is not simply IF antibiotics
use is beneficial in AMI patients, but WHY and HOW, if
the answer to first question is yes. For example, a future
study could include subdivision of the patients by extent
or anatomic region of ischemia to potentially elucidate if
antibiotic driven management potentially abrogates the
need for exploratory laparotomy in cases of AMI affect-
ing certain regions of the viscera versus others. In précis,
more work needs to be done, and we hope this review of
the literature as well as scientific motivations for antibiot-
ics usage in AMI serves as a call to action.
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Study Name Study Study Study Type Institutions Patients  Antibiotic Usage Study Findings
Pub-  Inclusion or Commen-
lish Period tary Regarding
Year Antibiotics

Acute superior mesenteric ischaemia 1987  1973-1984 Retrospective  Single 102 Not mentioned. None

[47] Institution

Failure to Improve Outcome in Acute 1999 1987-1993 Retrospective  Single 57 Not mentioned. None

Mesenteric Ischaemia: Seven Year Institution

Review [48]

Surgical Management of Thrombotic 2001~ 1993-2000 Retrospective  Single 170 Not mentioned. Endorses

Acute Intestinal Ischemia [49] Institution prophylactic

antibiotic usage
in Discussion.

Endovascular and open surgery for 2010 1999-2016 Retrospective  Multi- 163 Not mentioned. None

acute occlusion of the superior mes- center (28

enteric artery [50] hospitals)—

Swedevasc
Database

A comparison of endovascular revas- 2011 1999-2008 Retrospective  Single 70 Not mentioned. None

cularization with traditional therapy Institution

for the treatment of acute mesenteric

ischemia [13]

A study on 107 patients with acute 2012 1980-2010 Retrospective  Single 107 Not mentioned. Endorses

mesenteric ischemia over 30 years Institution prophylactic

[51] antibiotic usage

in Discussion.

Effects of a Multimodal Manage- 2013 2009-2011 Prospective Single 18 All patients received Notes that 11

ment Strategy for Acute Mesenteric Institution oral digestive de- patients did not

Ischemia on Survival and Intestinal contamination with require intesti-

Failure [41] PO gentamicin and nal resection,

metronidazole. Patients  and postulates

with SIRS received IV that this maybe

piperacillin-tazobactam.  due to “prompt
pathophysio-
logical-based
medical
protocol”

Risk Factors Effecting Mortality in 2013 2006-2011 Retrospective  Single 95 All patients received None

Acute Mesenteric Ischemia and Institution prophylactic antibiotics.

Mortality Rates: A Single Center

Experience [52]

Comparison of open and endovas- 2014 2005-2009 Retrospective  Multicenter 4,665 Not mentioned. None

cular treatment of acute mesenteric (~1000

ischemia [53] hospitals)—

National
Inpatient
Sample
Database

Endovascular Therapy for Acute Mes- 2015 2005-2010 Retrospective ~ Multicenter 3,689 Not mentioned. None

enteric Ischemia: an NSQIP Analysis (~300

[15] hospitals)—

National
Surgical
Quality Im-
provement
Program
Database

The importance of open emergency 2015  2001-2014 Retrospective  Single 54 Not mentioned. None

surgery in the treatment of acute Institution

mesenteric ischemia [54]
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Study Name Study Study Study Type Institutions Patients  Antibiotic Usage Study Findings
Pub-  Inclusion or Commen-
lish Period tary Regarding
Year Antibiotics

Prognostic factors in patients with 2017 2014 Retrospective  Single 46 Not mentioned. Endorses

acute mesenteric ischemia [55] Institution prophylactic

antibiotic usage
in Discussion.

Primary Endovascular Intervention for 2017~ 2012-2014 Retrospective  Single 8 Broad spectrum antibiot- None

Acute Mesenteric Ischemia Performed Institution ics were given at the

by Interventional Cardiologists — A discretion of critical care

Single Center Experience [56] specialist after stenting.

No criteria given for their
usage.

Endovascular Treatment for Acute 2017 2007-2012 Retrospective  Single 30 Not mentioned. None

Thromboembolic Occlusion of the Institution

Superior Mesenteric Artery and the

Outcome Comparison between En-

dovascular and Open Surgical Treat-

ments: A Retrospective Study [17]

Oral Antibiotics Reduce Intestinal Ne- 2019 2009-2015 Prospective Single 67 PO or IV antibiotics were  Oral antibiotics

crosis in Acute Mesenteric Ischemia: A Institution given at the discretion of  in addition to

Prospective Cohort Study [27] the admitting physician.  early revascu-

larization can
reduce progres-
sion of AMI

to intestinal
necrosis.

Prognostic factors of acute mesen- 2019 2000-2017 Retrospective  Single 214 Stated that 90% of pa- Reported

teric ischemia in ICU patients [46] Institution tients received antibiotic  that receiv-

therapy. ing antibiotic
therapy was
not significantly
associated with
survival.

Challenges Encountered during 2020  2002-2018 Retrospective  Single 43 Mentions 34 patients Notes that

the Treatment of Acute Mesenteric Institution requiring IV antibiotic patients requir-

Ischemia [11] therapy in results. Does  ing antibiotic

not detail criteria for therapy were

treatment. at significantly
increased risk of
death.

Risk factors of geriatrics index of 2020  2013-2018 Retrospective  Single 33 Not mentioned. None

comorbidity and MDCT findings for Institution

predicting mortality in patients with

acute mesenteric ischemia due to

superior mesenteric artery thrombo-

embolism [57]

Interdisciplinary approach in emer- 2021 2010-2017 Prospective Single 26 Not mentioned. None

gency revascularization and treat- Institution

ment for acute mesenteric ischemia

[44]

The implementation of a pathway 2021 2014-2020 Retrospective  Single 145 All patients treated None

and care bundle for the management Institution after implementation of

of acute occlusive arterial mesenteric
ischemia reduced mortality [42]

clinical pathway received
broad-spectrum anti-
biotics. No information
regarding pre-pathway

treatment.
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Study Name Study Study Study Type Institutions Patients  Antibiotic Usage Study Findings
Pub-  Inclusion or Commen-
lish Period tary Regarding
Year Antibiotics

A Shifting Trend Towards Endovascu- 2021 2007-2018 Retrospective  Single 98 Not mentioned. None

lar Intervention in the Treatment of Institution

Acute Mesenteric Ischemia [58]

Acknowledgements
Not applicable.

Author Contribution
All authors were directly involved in the drafting and preparation of the
manuscript.

Funding
This article was written without funding/support.

Data Availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Christopher D. Barrett has patents pending related to coagulation/fibrinolysis
diagnostics and has received grant support from Genentech, Inc. All other
authors declare that they have no competing interests.

Received: 17 December 2022 / Accepted: 3 April 2023
Published online: 11 April 2023

References

1. Bala M, Kashuk J, Moore EE, Kluger Y, Biffl W, Gomes CA, et al. Acute mesen-
teric ischemia: guidelines of the World Society of emergency surgery. World J
Emerg Surg. 2017;12:38.

2. ErbenY, Spaulding AC, Oderich GS, Da Rocha-Franco JA, Farres H, Cochuyt

JJ, et al. Acute mesenteric ischemia remains a highly morbid diagnosis after

initial hospitalization survival. Int J Angiol. 2020;29(3):189-95.

Clair DG, Beach JM. Mesenteric ischemia. N Engl J Med. 2016;374(10):959-68.

4. Schoots IG, Koffeman Gl, Legemate DA, Levi M, van Gulik TM. Systematic
review of survival after acute mesenteric ischaemia according to disease
aetiology. Br J Surg. 2004,91(1):17-27.

5. Luther B, Mamopoulos A, Lehmann C, Klar E. The Ongoing Challenge of
Acute Mesenteric Ischemia. Visc Med. 2018;34(3):217-23.

6.  Oliva IB, Davarpanah AH, Rybicki FJ, Desjardins B, Flamm SD, Francois CJ, et
al. ACR appropriateness Criteria ® imaging of mesenteric ischemia. Abdom
Imaging. 2013;38(4):714-9.

7. Filsoufi F, Rahmanian PB, Castillo JG, Scurlock C, Legnani PE, Adams DH.
Predictors and outcome of gastrointestinal complications in patients under-
going cardiac surgery. Ann Surg. 2007,246(2):323-9.

8. Peoc’h K, Corcos O. [Biomarkers for acute mesenteric ischemia diagnosis:
state of the art and perspectives]. Ann Biol Clin (Paris). 2019;77(4):415-21.

9. BlockT, Nilsson TK, Bjérck M, Acosta S. Diagnostic accuracy of plasma bio-
markers for intestinal ischaemia. Scand J Clin Lab Invest. 2008;68(3):242-8.

10.  Cudnik MT, Darbha S, Jones J, Macedo J, Stockton SW, Hiestand BC. The diag-
nosis of acute mesenteric ischemia: a systematic review and meta-analysis.
Acad Emerg Med. 2013;20(11):1087-100.

w

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Jagielski M, Pigtkowski J, Jackowski M. Challenges encountered during

the treatment of Acute Mesenteric Ischemia. Gastroenterol Res Pract.
2020;2020:5316849.

Tilsed JV, Casamassima A, Kurihara H, Mariani D, Martinez |, Pereira J, et al.
ESTES guidelines: acute mesenteric ischaemia. Eur J Trauma Emerg Surg.
2016;42(2):253-70.

Arthurs ZM, Titus J, Bannazadeh M, Eagleton MJ, Srivastava S, Sarac TP, et al.
A comparison of endovascular revascularization with traditional therapy for
the treatment of acute mesenteric ischemia. J Vasc Surg. 2011;53(3):698-704.
discussion - 5.

Lim S, Halandras PM, Bechara C, Aulivola B, Crisostomo P. Contemporary
Management of Acute Mesenteric Ischemia in the endovascular era. Vasc
Endovascular Surg. 2019;53(1):42-50.

Branco BC, Montero-Baker MF, Aziz H, Taylor Z, Mills JL. Endovascular

therapy for Acute Mesenteric Ischemia: an NSQIP analysis. Am Surg.
2015;81(11):1170-6.

Hsu A, Bhattacharya KR, Chan HK, Huber TC, Gardner B, Stone JR, et al. Effect
of timing on endovascular therapy and exploratory laparotomy outcome in
acute mesenteric ischemia. Ann Gastroenterol. 2019;32(6):600-4.

Zhang Z, Wang D, Li G, Wang X, Wang Y, Li G, et al. Endovascular treatment for
Acute Thromboembolic occlusion of the Superior Mesenteric Artery and the
Outcome comparison between Endovascular and Open Surgical Treatments:
a retrospective study. Biomed Res Int. 2017;2017:1964765.

Klar E, Rahmanian PB, Blicker A, Hauenstein K, Jauch KW, Luther B.

Acute mesenteric ischemia: a vascular emergency. Dtsch Arztebl Int.
2012;109(14):249-56.

Oldenburg WA, Lau LL, Rodenberg TJ, Edmonds HJ, Burger CD. Acute mesen-
teric ischemia: a clinical review. Arch Intern Med. 2004;164(10):1054-62.
Kougias P, Lau D, El Sayed HF, Zhou W, Huynh TT, Lin PH. Determinants of
mortality and treatment outcome following surgical interventions for acute
mesenteric ischemia. J Vasc Surg. 2007;46(3):467-74.

Wright J, Paauw DS. Complications of antibiotic therapy. Med Clin North Am.
2013,97(4):667-79. xi.

Lewcun JA, Khatun R, Allen S, Hazelton JP, Cooper A. Patient outcomes in
mesenteric venous thrombosis treated with empiric antibiotics. Am Surg.
2021,87(4):658-63.

Arnold HM, Micek ST, Skrupky LP, Kollef MH. Antibiotic stewardship in the
intensive care unit. Semin Respir Crit Care Med. 2011;32(2):215-27.

Talan DA, Saltzman DJ, Mower WR, Krishnadasan A, Jude CM, Amii R, et al.
Antibiotics-first Versus surgery for Appendicitis: a US pilot randomized con-
trolled trial allowing Outpatient Antibiotic Management. Ann Emerg Med.
2017;70(1):1-11€9.

Flum DR, Davidson GH, Monsell SE, Shapiro NI, Odom SR, Sanchez SE, et al. A
randomized trial comparing antibiotics with appendectomy for Appendicitis.
N EnglJ Med. 2020;383(20):1907-19.

Clark JA, Coopersmith CM. Intestinal crosstalk: a new paradigm for under-
standing the gut as the “motor” of critical illness. Shock. 2007,28(4):384-93.
Nuzzo A, Maggiori L, Paugam-Burtz C, Cazals-Hatem D, Ronot M, Huguet A, et
al. Oral antibiotics reduce intestinal necrosis in Acute Mesenteric Ischemia: a
prospective cohort study. Am J Gastroenterol. 2019;114(2):348-51.

Fine J, Frank ED, Ravin HA, Rutenberg SH, Schweinburg FB. The bacterial fac-
tor in traumatic shock. N Engl J Med. 1959;260(5):214-20.

Jamieson WG, Pliagus G, Marchuk S, DeRose G, Moffat D, Stafford L, et al.
Effect of antibiotic and fluid resuscitation upon survival time in experimental
intestinal ischemia. Surg Gynecol Obstet. 1988;167(2):103-8.

Russell DH, Barreto JC, Klemm K, Miller TA. Hemorrhagic shock increases gut
macromolecular permeability in the rat. Shock. 1995;:4(1):50-5.

Moore FA, Moore EE, Poggetti R, McAnena OJ, Peterson VM, Abernathy CM, et
al. Gut bacterial translocation via the portal vein: a clinical perspective with
major torso trauma. J Trauma. 1991,31(5):629-36. discussion 36 - 8.



Tian et al. Thrombosis Journal

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2023) 21:39

Sun Z,Wang X, Deng X, Lasson A, Wallén R, Hallberg E, et al. The influence of
intestinal ischemia and reperfusion on bidirectional intestinal barrier perme-
ability, cellular membrane integrity, proteinase inhibitors, and cell death in
rats. Shock. 1998;10(3):203-12.

Clark E, Hoare C, Tanianis-Hughes J, Carlson GL, Warhurst G. Interferon
gamma induces translocation of commensal Escherichia coli across

gut epithelial cells via a lipid raft-mediated process. Gastroenterology.
2005;128(5):1258-67.

Fukatsu K, Sakamoto S, Hara E, Ueno C, Maeshima Y, Matsumoto |, et al. Gut
ischemia-reperfusion affects gut mucosal immunity: a possible mechanism
for infectious complications after severe surgical insults. Crit Care Med.
2006;34(1):182-7.

Ascher S, Wilms E, Pontarollo G, Formes H, Bayer F, Miller M, et al. Gut
microbiota restricts NETosis in Acute Mesenteric Ischemia-Reperfusion Injury.
Arterioscler Thromb Vasc Biol. 2020;40(9):2279-92.

Sefteland JM. Modulation of the intestinal bacterial flora: a viable strategy to
alleviate acute mesenteric ischemia? Ann Transl Med. 2023;11(2):30.

Dong YH, Hu JJ, Deng F, Chen XD, Li C, Liu KX, et al. Use of dexmedetomidine
to alleviate intestinal ischemia-reperfusion injury via intestinal microbiota
modulation in mice. Ann Transl Med. 2022;10(21):1161.

Souza DG, Vieira AT, Soares AC, Pinho V, Nicoli JR, Vieira LQ, et al. The essential
role of the intestinal microbiota in facilitating acute inflammatory responses.
JImmunol. 2004;173(6):4137-46.

Yoshiya K, Lapchak PH, Thai TH, Kannan L, Rani P, Dalle Lucca JJ, et al. Deple-
tion of gut commensal bacteria attenuates intestinal ischemia/reperfusion
injury. Am J Physiol Gastrointest Liver Physiol. 2011;301(6):G1020-30.

Lee JG, Park JH, Han DS, Lee HL, Park CH, Eun CS.The Uncertain Effect of
Antimicrobial Therapy in the Treatment of Patients with Ischemic Colitis. J
Clin Med. 2020,9(7).

Corcos O, Castier Y, Sibert A, Gaujoux S, Ronot M, Joly F, et al. Effects of a
multimodal management strategy for acute mesenteric ischemia on survival
and intestinal failure. Clin Gastroenterol Hepatol. 2013;11(2):158-65€2.
Tolonen M, Lemma A, Vikatmaa P, Peltola E, Mentula P, Bjorkman P, et al. The
implementation of a pathway and care bundle for the management of acute
occlusive arterial mesenteric ischemia reduced mortality. J Trauma Acute
Care Surg. 2021,91(3):480-8.

Yang S, Fan X, Ding W, Liu B, Meng J, Xu D, et al. Multidisciplinary stepwise
management strategy for acute superior mesenteric venous thrombosis: an
intestinal stroke center experience. Thromb Res. 2015;135(1):36-45.

Zientara A, Domenghino AR, Schwegler |, Bruijnen H, Schnider A, Weber M, et
al. Interdisciplinary approach in emergency revascularization and treatment
for acute mesenteric ischemia. BMC Surg. 2021;21(1):89.

Silvestri L, van Saene HK, Zandstra DF, Marshall JC, Gregori D, Gullo A. Impact
of selective decontamination of the digestive tract on multiple organ

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 9 of 9

dysfunction syndrome: systematic review of randomized controlled trials. Crit
Care Med. 2010;38(5):1370-6.

Caluwaerts M, Castanares-Zapatero D, Laterre PF, Hantson P. Prognostic
factors of acute mesenteric ischemia in ICU patients. BMC Gastroenterol.
2019;19(1):80.

Wilson C, Gupta R, Gilmour DG, Imrie CW. Acute superior mesenteric isch-
aemia. Br J Surg. 1987;74(4):279-81.

Mamode N, Pickford |, Leiberman P. Failure to improve outcome in acute
mesenteric ischaemia: seven-year review. Eur J Surg. 1999;165(3):203-8.
Endean ED, Barnes SL, Kwolek CJ, Minion DJ, Schwarcz TH, Mentzer RM. Jr.
Surgical management of thrombotic acute intestinal ischemia. Ann Surg.
2001,233(6):801-8.

Block TA, Acosta S, Bjorck M. Endovascular and open surgery for acute occlu-
sion of the superior mesenteric artery. J Vasc Surg. 2010;52(4):959-66.

Alhan E, Usta A, Cekic A, Saglam K, Ttrkyilmaz S, Cinel A. A study on

107 patients with acute mesenteric ischemia over 30 years. Int J Surg.
2012;10(9):510-3.

Aliosmanoglu I, Gul M, Kapan M, Arikanoglu Z, Taskesen F, Basol O, et al. Risk
factors effecting mortality in acute mesenteric ischemia and mortality rates: a
single center experience. Int Surg. 2013;98(1):76-81.

Beaulieu RJ, Arnaoutakis KD, Abularrage CJ, Efron DT, Schneider E, Black JH

3. Comparison of open and endovascular treatment of acute mesenteric
ischemia. J Vasc Surg. 2014;59(1):159-64.

Duran M, Pohl E, Grabitz K, Schelzig H, Sagban TA, Simon F. The importance
of open emergency surgery in the treatment of acute mesenteric ischemia.
World J Emerg Surg. 2015;10:45.

Yildinm D, Hut A, Tatar C, Donmez T, Akinci M, Toptas M. Prognostic factors in
patients with acute mesenteric ischemia. Turk J Surg. 2017;33(2):104-9.
ChenTY,Wu CH, Hsu WF, Lin L, Wang RH, Lai CL, et al. Primary endovascular
intervention for Acute Mesenteric Ischemia performed by interventional Car-
diologists - a single Center experience. Acta Cardiol Sin. 2017;33(4):439-46.
Tang W, Jin B, Kuang LQ, Zhang J, Li CX, Wang Y. Risk factors of geriatrics index
of comorbidity and MDCT findings for predicting mortality in patients with
acute mesenteric ischemia due to superior mesenteric artery thromboembo-
lism. Br J Radiol. 2020,93(1116):20190605.

Naazar AA, Omair A, Chu SH, Keane KG, Weber DG. A shifting Trend towards
endovascular intervention in the treatment of Acute Mesenteric Ischemia.
Cureus. 2021;13(10):218544.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Antibiotic use in acute mesenteric ischemia: a review of the evidence and call to action
	﻿Abstract
	﻿Background
	﻿AMI and sepsis in the scientific literature
	﻿Review of the clinical literature
	﻿Conclusion and a call to action
	﻿References


