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Abstract: Acute intestinal ischemia is a relative rare abdominal emergency, associated with considerably
high morbidity and mortality rates. Although the conventional diagnostic approach to acute intestinal

ischemia entails a preliminary evaluation of signs and symptoms, followed by radiological and laboratory

investigations, a definitive diagnosis is can usually be made after which still remains the

(and therapeutic) procedure. Several potential -- have been
investigated over the past decades, but- of these seems to reach a - diagnostic - for an

early and -- of intestinal ischemia. The aim of this narrative review is to provide an overview
on traditional laboratory tests for diagnosing acute intestinal ischemia (i.e., complete blood count, D-dimer,

blood gas analysis, total lactic acid, C-reactive protein and procalcitonin), and summarize current evidence

regarding some e

L-6)
and -re perhaps the _

a-glutathione S-transferase

i merging an

and smooth muscle protein of 22 kDa (SM22). Among the various tests,

such as .-lactate, intestinal fatty acid-binding
, interleukin-6

since they are characterized by optimal sensitivity and relatively

good specificity, early kinetics, and can be measured with assays suited for a rapid diagnosis.
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Introduction

Although acute intestinal ischemia is a relative rare
abdominal emergency, this condition may be associated
with high morbidity and mortality due to

- or - blood flow resulting from embolism,
thrombosis or a non-occlusive low-flow state in the
splanchnic circulation (1). Acute intestinal ischemia can
involve the small or large intestine, and usually presents
with sudden severe non-specific abdominal pain (1). The

- usually ranges between -

etiology, age and diagnostic delay (2,3).

depending on
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Overall, this condition represents less than 1% of all
acute admissions to emergency departments, but a rapid
diagnosis and therapeutic management are compelling for
adequately restoring blood flow and preventing intestine
necrosis, up to patient death (4). The pathophysiology is
complex and multifaceted. The intestinal acute vascular
insufficiency leads to renin-angiotensin activation,
sympathic stimulation, vasospasm and consequentl
hypoxia (5). These events may cause cell death byH
with consequent of the mucosal

-- (5,6). The impairment of the eplth“

also promotes contact with

atm.amegroups.com Ann Transl Med 2018;6(17):341


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Page 2 of 8

with ensuing development of an _ condition.

The persistence of ischemia may then lead to an evolvement

of transmural infarction towards irreversible injury and

necrosis, intestinal perforation and

Clinical of acute intestinal ischemia
are typically and, combined with the fact that
the condition is relatively rare a rapid and accurate diagnosis
remains challenging. Despite ample research in this field,
early, sensitive and specific biomarkers of acute intestinal
ischemia have not been identified so far (7-11). Along with
clinical history taking, physical examination and imaging
investigations, the classic diagnostic approach to patients
with suspected acute intestinal ischemia encompasses a
conventional panel of laboratory tests, including complete
blood count (CBC), D-dimer and blood gas analysis. In the
effort to ameliorate the diagnosis, other biomarkers have

been proposed over the past few years, the
of which is (12,13). Among some other
more recent evidence has been

rovided that the concentrations of

may be frequently abnormal in association
with
promising candidates for the diagnosis of acute intestinal

so that they seem the more

diseases (5). The aim of this narrative review is hence to
provide an overview on traditional laboratory biomarkers of
acute intestinal ischemia and summarize current evidence
regarding some emerging and potentially useful biomarkers.

Biomarkers of hypoxia and oxidative stress

The most clinically interesting oxidative stress-related
biomarkers appear indeed lactate, IMA and o-GST.
is prevalently

by the lactate dehydrogenase
compound is present in nature in two separate isomers.

lactate is the end product of
whilst
metabolism. Since

.-lactate is mainl

the isomer synthesized in humans is
, which considerably increases during
tissue hypoperfusion and cellular hypoxia (14).

Several clinical studies reported increased L-lactate blood
values in the vast majority of patients with acute mesenteric

ischemia (12,15). More specifically, Janda ez a/. (16) showed
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a 10-fold increase of lactic acid in patients who developed
postoperative occlusion of intestinal arteries. Experimental
studies have also confirmed that blood lactate significantly
increases after mesenteric ischemia (17). Aydin et al. also
observed that
with

induced by ligating
the superior mesenteric artery in rats, and this increase
lasted up to the 6th hour (18). Irrespective of this promising

since its blood values tend to

intestinal and non-intestinal
stomach perforation, pancreatitis, perforated appendicitis,

and malignancy (19,20).
is normally produced a:h concentrations

in humans. The small amount of D-lactate normally

present in blood mainly originates from cellular production

thought the methylglyoxal pathway or from

of containin H, such as soured
cream and (and, to a lesser extent, tomatoes,
apple, - and
constitutively contain both L- and D-enzymes, and have
therefore the capability to generate produce D-lactate,
the - n
perhaps is the
hand, an

(21). Since some bacterial species

ormally resident in the

are
(22). On the other

due to intestinal

ischemia may be a reasonable cause of
concentration in blood. In the meta-analysis of Treskes
et al. (10), including six studies, the pooled sensitivity and
specificity of D-lactate for diagnosing acute mesenteric
ischemia were 0.72 (95% CI: 0.59-0.82) and 0.74 (95% CI:
0.69-0.79), respectively. Nevertheless, the included studies
were characterized by a large heterogeneity for patients’
selection, methods used for measuring D-lactate and timing
of blood sampling (10).

because of its
the results obtained in different studies are mostly
inconsistent (23). Notably, increased values of D-lactate
were observed in patients with short-bowel syndrome or
jejunoileal bypass operation, as well as in subjects with high
carbohydrate intake, decreased colon motility or in those

is a biologic marker that can be easily and
measured in clinical laboratories by using the
albumin cobalt binding (ACB) assay or with an enzyme-
(ELISA) (24). Human

at the N-terminus for

linked immunosorbent assa

srom [ s - EEETR
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transition -- such as cobalt, copper and nickel. In
acute hypoxic/ischemic conditions, including pulmonary
embolism, deep venous thrombosis, acute coronary
syndrome, cerebrovascular accidents, skeletal muscle
ischemia and systemic sclerosis (25-28), the _
_ as a result of hypoxia,
acidosis, oxidative injury, sodium and calcium pump
impairment (29). The first preliminary investigation in
patients with intestinal ischemia was published in 2008, and
showed that
patients with
healthy subjects (30). These results were then confirmed

in seven
compared to seven

in another larger clinical study, including 26 patients, 12
with intestinal ischemia (31). The authors reported 1.00
sensitivity and 0.86 specificity for detecting preoperative
intestinal ischemia (31). Notably, the eculiarh
is characterized by an ﬂin parallel with the
onset of ischemia, with values then further increase for
hours afterwards (32). Dundar et /. showed that rats with
intestinal ischemia after superior mesenteric artery ligation
had serum IMA levels significantly higher than those
without ischemia at 3 and 6 hours after the intervention (33).
However, different results were obtained in an experimental
study carried out by Uygun and colleagues on 32 Wistar
albino rats (34), since IMA levels were not significantly
different between ischemia-induced and non-ischemic rats.
is another biomarker of oxidative stress
potentially useful for diagnosing intestinal ischemia
(35-37). In the recent meta-analysis of Treskes er a/.,
including 3 studies, the pooled sensitivity and specificity
for diagnosing acute intestinal ischemia were 0.68 (95%
CI: 0.54-0.80) and 0.84 (95% CI: 0.75-0.91) (10). A

relatively satisfactory area under the curve could

0.05). Since 0-GST is involved

present in both -

and cells, the values of this enzyme often increased

- in patients with- (38), thus potentially

lowering the diagnostic specificity for acute intestinal

also be obtained (i.e.
in

ischemia. Moreover, the activity of a-GST can be only
measured using ELISA kits so far, which are characterized
by a relative long turnaround time and are hence mostly
unsuitable for urgent diagnostics.

Inflammatory and/or infection biomarkers

_ (i.e., leukocyte count >20x10°/L) is

commonplace in patients with intestinal ischemia, -

© Annals of Translational Medicine. All rights reserved.
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in those who are immunocompromised with
_(1). Due to the diagnostic for
intestinal ischemia, however, leukocytosis is of little help for
distinguishing intestinal ischemia from other intestinal non-
ischemic disorders (37,39). In a meta-analysis evaluating the
performance of several biomarkers for intestinal ischemia,
Evennett et al. calculated a 0.80 (95% CI: 0.66-0.91)
sensitivity and a very modest 0.50 (95% CI: 0.31-0.69)
specificity of white blood cell count for diagnosing
intestinal ischemia (7). Matsumoto et a/. studied 208
patients with a clinical suspicion of acute intestinal ischemia
reported a receiver operating characteristic curve
for white blood eell count of only [0.54 (95% CI: 0.39-0.70)
to distinguish intestinal ischemia from non-ischaemic
diseases (40). Thuijls et 4/. performed leukocyte counts in
patients with or without mesenteric ischemia, and failed to
find any significant difference between groups 13.9x10°/L
vs. 12.7x10°/L; P=0.89) (19). Unlike these findings, other
authors reported that leukocytosis can be considered a
potential predictor for transmural bowel necrosis (odds
ratio, 1.3, P<0.0001) (41), as well as a significant predictor
of mortality (42) in patients with acute mesenteric ischemia.
Additional inflammatory biomarkers, such as C-reactive
protein (-) or interleukin-6 (-), have been
investigated in intestinal ischemia diagnostics. Salem
et al. concluded that values tend to
those of and the former biomarker seems hence
of for differentiating non-specific abdominal
pain and surgical conditions requiring operative or non-
operative intervention (43). Lammers ef 4/. measured IL-6
levels in 15 patients with acute transient intestinal ischemia
induced during elective open surgery for treatment of
abdominal subrenal aortic aneurysm, and observed a
considerable increase of concentration between pre-
ischemic condition (i.e., 11.28+3.4 pg/mL) and intestinal
ischemia (109+85.9 pg/mL; P<0.002) (44). More recently,
Sgourakis et al. studied 14 patients with bowel ischemia
and 42 with other abdominal disorders, reporting that

(45). Notably, a

characterized by both sensitivity and specificity of 1.00.
— is a 116 amino acids protein,

prohormone of calcitonin, secreted from liver parenchyma
cells and from other sources (including leukocytes) during
severe bacterial infections (46). Since the disruption of gut

wall integrity after intestinal ischemia potentially leads to
the of - and/or their toxic products,
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the measurement of PCT may be seen as a valuable aid for
diagnosing or monitoring intestinal ischemia. Karabulut
et al. studied 21 New Zealand rabbits divided into 3 groups
of 7 animals each (control, Sham and ischemia groups),

reporting that the
. Different

findings were published in an ensuing study. Karaca er al.
induced experimental mesenteric ischemia in rats, and
reported that PCT values display a late increase after
mesenteric ischemia (i.e., after 6 hours), and can hence be
only proposed as a-- (48). Cosse et al. also
investigated the role of PCT for discriminating patients
with and without intestinal ischemia. In their meta-analysis,
including five studies and totaling 659 patients, the
for detecting intestinal ischemia was comprised between
whilst the sensitivity and specificity ranged
between 0.72-1.00 and 0.68-0.91, respectively (49).
Notably, the positive and negative predictive values for
diagnosing acute intestinal ischemia were also comprised
between 0.27-0.90 and 0.81-1.00, respectively. More
recently, Cosse er 4/. studied 128 patients with intestinal

ischemia, and reported that

degree of
extension of tissue damage and

Biomarkers of thrombosis

the _ product of the
a of activation of both

and its plasma values hence increases in all those clinical

and

conditions characterized by formation and ensuing
dissolution of blood clots (51). Several studies have been
published on the diagnostic role of this biomarker in acute
intestinal diseases, generating often controversial evidence
(52-55).

was shown to display

of the superior
efficiency seems
overall acute intestinal
ischemia (e.g., strangulated small-bowel obstruction) (57).
The sensitivity and specificity of D-dimer for diagnosing
strangulated obstruction were found to be 0.60 and 0.68,
respectively (57). In another study, Block et al. (37) by
investigated 10 patients with intestinal ischemia and
61 without, reporting that a D-dimer concentration
>0.9 mg/L was associated with sensitivity, specificity and
accuracy of 0.60, 0.82 and 0.79, respectively.

© Annals of Translational Medicine. All rights reserved.
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With the aim of summarizing the data published in
different studies, three meta-analysis included D-dimer for
evaluating biomarkers performance in intestinal ischemia.

In a meta-analysis including only 3 studies
was characterized by an OR an - of 5.77 and
respectively (7). This diagnostic performance was however
(OR, 10.75;
(OR, 8.82;
respectively) and (OR, 7.62;
respectively). In this same article, the pooled sensitivity and
specificity of D-dimer were 0.89 (95% CI: 0.77-0.96) and
0.40 (95% CI: 0.33-0.47) (7).
Cudnik et al. performed another meta-analysis including

lower compared to

respectively),

5 articles, and calculated a pooled D-dimer sensitivity and
specificity of 0.96 (95% CI: 0.89-0.99) and 0.40 (95%
CI: 0.33-0.47) (58). More recently, Sun er al. performed a
meta-analysis including 12 studies published between the
years 2004-2016 and totaling 1,300 patients with suspected
acute intestinal ischemia (59). The AUC of D-dimer for
diagnosing acute intestinal ischemia was found to be 0.81
(95% CI: 0.78-0.84), whilst the combined sensitivity and
specificity were 0.94 (95% CI: 0.87-0.97) and 0.50 (95%
CI: 0.40-0.61), respectively. As clearly shown by the results

of these three meta-analysis, the _
I /1 comisd becseen

0.40 and 0.50. Therefore, the most place use of this
biomarker is for ruling out acute intestinal ischemia rather

than for making a final diagnosis (7,60).

Biomarkers of gut wall damage and dysfunction

(C¢H3N;0;), which could be originally identified
and from the (Citrullus

vulgaris) (61), is a non-proteinogenic amino acid

from and is a

precursor for de novo synthesis of arginine. After release
from enterocytes into the portal circulation, citrulline
reaches the systemic circulation and is metabolized by

the - where is - into and then

released into plasma (62). Therefore, the values of
are mostly
and are

(63,64). It is thus predictable that all clinical conditions

(e.g.,
diseases, Crohn’s

and

characterized by a
short bowel syndrome,
disease, acute mucosal enteropathy and antineoplastic

atm.amegroups.com Ann Transl Med 2018;6(17):341
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treatments) will be associated with a _

plasma concentration (65). Conversely, the plasma values

of this biomarker
function (66).

The
concentration is not significantly influenced by nutritional

in parallel with

and its

status or inflammatory conditions (65,67). Cakmaz ez al.
recently performed an experimental investigation in 21
Wistar albino rats divided into three groups (control group,
short-term ischemia group and prolonged ischemia group),
and reported that plasma citrulline values were significantly
reduced in short-term and prolonged ischemia groups
compared to the control rats (P=0.002), whilst the decrease
was also larger in prolonged ischemia compared to short-
term ischemia (P=0.011) (68). Kulu et 4/. studied 48 patients
with acute abdominal symptoms (69), and reported that
patients with acute mesenteric ischemia (n=23) had citrulline
values lower than those with other acute abdominal
conditions. Despite the encouraging evidence that has been
published,

- the diagnostic of

of acute intestinal ischemia.

however, to fully
in the setting

Since the outer layer of gut consists of smooth muscle
cells, a transmural ischemic injury may lead to release of
abundantly expressed muscle proteins (70), thus including
smooth muscle protein of 22 kDa (SM22), which is known
to be involved in maturation and differentiation of smooth
muscle cells (71). Schellekens ez 4l recently developed
an ELISA kit for measuring SM22, and showed that the
plasma levels of this protein were significantly higher
in patients with transmural ischemia (3.7-0.91 ng/mL)
than in those with limited mucosal ischemic injury
(0.4-0.08 ng/mL; P<0.001) or in healthy controls
(0.40-0.07 ng/mL; P<0.001) (72). Notably, the peak
concentrations of SM22 was reached after 6 hours, whilst

the half-life of the protein was onli 23 minutes.

In this same study, the was also measured.

This biomarker is a small (12-15 kDa) cytosolic protein

of of -

and uptake and catabolism.
The plasma values of I-FABP levels were found to be

in both patients with -
and i compared to healthy

controls (699-171.4 pg/mL and 952.0-259.2 vs.

involved in

significantly

© Annals of Translational Medicine. All rights reserved.
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217.8-13.6 pg/mL; P<0.05, for both), whilst no significant
difference could be observed among patients with mucosal
ischemia and transmural ischemia (P=0.77) (72).

A progressively decreasing intestinal perfusion and a
both

into circulation and

contribute the rapid release of
further elimination by the kidneys (73). can hence

be - both in serum (or ﬁ (74).

I-FABP concentration is very low in the plasma of healthy

subjects, but its value si niﬁcantly- in blood within
i which would lead to conclude
that the release of this biomarker parallels the onset of
ischemia (75).

In a recent meta-analysis including nine studies, Sun
et al. calculated obtained an -95% CIL: 0.83-
0.89) of I-FABP for diagnosing acute intestinal ischemia,
with pooled sensitivity and specificity of 0.80 (95% CI:
0.72-0.86) and 0.85 (95% CI: 0.73-0.93), respectively (76).

Treskes and colleagues performed an even more recent

meta-analysis, including 13 studies and totaling 1,435
patients (10). Merging data obtained using two different
methods, the diagnostic performance was found to be better
using the Uden kit (0.79 sensitivity and 0.91 specificity)
compared to the Osaka kit (0.75 sensitivity and 0.79
specificity).

Conclusions

Although acute intestinal ischemia remains a relative rare
condition, a timely and accurate diagnosis is needed to
prevent the development of serious complications, up
to death. A vast array of laboratory biomarkers has been
evaluated in the diagnosis of acute intestinal ischemia
(1able 1), but an ideal biomarker (i.e., rapid, stable, highly
specific and sensitive, inexpensive and easy to be measured)
is still seemingly missing.

Among the various tests,

- are perhaps the
are characterized b
acceptable-7

with assays suited for

since they
and relatively
and can be measured
Yet, additional
studies will be needed to assess whether any of these three
biomarkers will soon be ready for being introduced into
routine clinical practice.
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Table 1 Main results of meta-analysis comparing laboratory
markers performances

Biomarkers investigated The best biomarkers

Evennett et al. (7) (N=17)

D-lactate [8] D-lactate:
a-GST [3] Se: 0.82
I-FABP [3] Sp: 0.48
D-dimer [3] D-dimer:
Se: 0.89
Sp: 0.40
Cudnik et al. (58) (N=17)
L-lactate [4] L-lactate:
a-GST [3] Se: 0.86
I-FABP [2] Sp: 0.44
D-dimer [5] D-dimer:
Se: 0.96
Sp: 0.40
Treskes et al. (10) (N=19)
D-lactate [3] IMA:
a-GST [3] Se: 0.95
I-FABP (Uden kit) [4] Sp: 0.86

I-FABP (Osaka kit) [6] I-FABP (Uden kit):

IMA [2] Se: 0.79
Citrulline [1] Sp: 0.91
Acknowledgements
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