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Abstract: Intestinal necrosis is a life-threatening disease, and its

prompt and accurate diagnosis is very important. This study aimed

to evaluate the value of D-dimer as a marker for early diagnosis of bowel

necrosis.

From 2009 to 2013, patients undergoing operation due to acute

intestinal obstruction were retrospectively analyzed. Clinicopathologic

characteristics were compared among no ischemia group, reversible

ischemia group, and bowel necrosis group.

There were totally 274 patients being included for analyses. Patients

with bowel necrosis had a significant highest level of D-dimer compared

with other 2 groups (P¼ 0.007) when FEU unit was applied. The

optimal cutoff value of D-dimer levels as an indicator in diagnosing

bowel necrosis was projected to be 1.965 mg/L, which yielded a

sensitivity of 84.0%, a specificity of 45.6%, a positive predictive value

of 60.7%, and a negative predictive value of 74.0%. And the sensitivity

of 84.0% and specificity of 70.0% were detected, when 1.65 mg/L of D-

dimer was set as the cutoff value to distinguish the reversible ischemia
hen, MD, Zong-Gu , FACS,
u, MD, PhD

and 91.7%, respectively, when D-dimer and peritoneal irritation signs

were combined to perform the parallel analysis.

The combination of D-dimer and peritoneal irritation signs could

generate a reliable negative predictive value, which is helpful to exclude

the diagnosis of intestinal necrosis. However, it should also be proved in

well-designed large-scale prospective study.

(Medicine 94(40):e1564)

Abbreviations: AUC = Area under the curve, CRP = C-reactive

protein, CT = Computed tomography, IFABP = Intestinal fatty

acid-binding protein, LDH = Lactate dehydrogenase, ROC =

Receiver operating characteristics, VOLTGA = Volunteer Team of

Gastric Cancer Surgery.

INTRODUCTION

A cute intestinal obstruction is one of the most common
surgical emergencies, which involves a partial or complete

blockage of the bowel preventing contents from passing through
the intestine.1 Over 3% of all emergency surgical admissions
were due to acute intestinal obstruction.2

Strangulated obstruction, which is highly associated with
intestinal necrosis, accounts for about 9% to 38% in all the
intestinal obstruction cases and may induce higher risk of
morbidity or mortality,3–5 compared with those of obstruction
without intestinal necrosis. The early diagnosis and treatment of
patients with reversible intestinal ischemia or bowel necrosis
are essential for a successful management of this disease. It is
important to intervene at the early stage of strangulated bowel
obstruction to avoid the occurrence of intestinal necrosis. In
addition, delaying in the resection of the necrotic segment of
intestine may be associated with severe outcomes. Furthermore,
conservative therapy is still considered as an optional treatment
approach of some selective patients for which operation is not
necessary, such as incomplete obstruction without intestinal
necrosis to be suspected.1 Therefore, it is important to determine
whether intestinal ischemia or necrosis exists in early stage.

Several examinations or markers are used for the diagnosis
of intestinal ischemia or necrosis, such as contrasted computed
tomography (CT) scan, intestinal fatty acid-binding protein
(IFABP), phosphate, lactate dehydrogenase (LDH), C-reactive
protein (CRP), etc.6–9 However, these examinations or markers
are not highly sensitive or specific either as expected. Kim
et al10 reported the sensitivity and specificity of CT in diagnosis
of bowel ischemia were 71% and 83%, respectively. van Noord
et al9 have showed that IFABP, LDH, and CRP levels did not
with and without gastrointestinal ische-
so proved that IFABP and LDH had
for patients with intestinal ischemia.

www.md-journal.com | 1

mailto:hujkwch@126.com
http://dx.doi.org/10.1097/MD.0000000000001564


The accuracy of LDH was only 69%. Therefore, it would be
useful to find more sensitive or specific methods and markers
for diagnosis.

D-dimer is one of the terminal fibrin decomposition pro-
ducts and has been proved to be positively associated with
coronary heart disease,12 acute ischemic stroke,13 acute pul-
monary embolism,14 or deep vein thromboembolism, etc.15

Recent researches found the measurements of the plasma D-
dimer levels might be a useful tool for the early diagnosis of
acute mesenteric obstruction.16–19 However, the application of
D-dimer on the diagnosis of strangulated intestinal obstruction
is still controversial. Some researchers reported that D-dimer
test was neither sensitive nor specific in diagnosing strangulated
obstruction.20 And whether it is predictive or preventive for
resection in strangulated intestinal hernia patients remains a
question.21 Therefore, further studies are needed to confirm the
diagnostic validity of D-dimer in cases with intestinal necrosis.

In the present study, we aimed to evaluate the value of
D-dimer as a marker for early diagnosis of bowel necrosis.

METHODS

Patients
From June 2009 to October 2013, patients with complete

preoperative D-dimer data who were admitted to the Depart-
ment of Gastrointestinal Surgery at West China Hospital of
Sichuan University and underwent operations due to acute
intestinal obstruction were included for analyses retrospec-
tively. The diagnosis of intestinal obstruction depended on
symptoms, physical examinations, and radiological findings
of distended intestinal loops with air-fluid levels. Patients with
dynamic ileus, such as paralytic ileus, or acute mesenteric
vascular disease were excluded from the study. Patients diag-
nosed with any previous or synchronous thrombogenic diseases,
such as brain stroke, pulmonary embolism, or deep vein
thrombosis, etc were excluded. The West China Hospital
research ethics committee approved retrospective analysis of
anonymous data. Signed patient informed consent was waived
per the committee approval since it was a retrospective analysis.

Clinicopathologic Variables
The clinicopathological features (such as sex, age, lapar-

otomy history, duration of symptoms, characteristics of pain,
peritoneal irritation signs, body temperature, pulse, white blood
cell count, shock, preoperative D-dimer level, results of radio-
logical tests, pathological results of resected specimens, etc) and
operative data (such as reason of obstruction, operative
methods, intestinal vitality, etc) were collected and analyzed.

Treatment of Intestinal Obstruction
All patients were treated by fasting, gastrointestinal

decompression, and intravenous fluids rehydration. Monitoring
of abdominal signs was lasted until operation. Radiological tests
such as CT scan were taken repeatedly if necessary. All the
patients had undergone operations finally.

Determination of Intestinal Reversible Ischemia
and Intestinal Necrosis

Bowel necrosis was determined by intraoperative findings

Yang et al
and postoperative pathological examinations. Bowel necrosis
was considered intraoperatively when signs of hypoxic dis-
coloration, disappearance of terminal arteriola pulses, loss of
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tension and peristalsis, or nonresponse of stimulations were pre-
sent. Postoperative pathological examinations revealing the pre-
sence of transmural necrosis of the muscularis indicated bowel
necrosis.20,22 For reversible ischemia, it was considered that if
release of the obstruction was followed by improvement in color
and eventually by full recovery of the intestinal segment.

Measurements of D-Dimer
Venous blood samples were taken upon the establishment

of diagnosis of intestinal obstruction to measure the D-dimer
levels. The D-dimer levels were measured with the calibrated
SYSMEX7000 analyzer (Sysmex Corporation, Hyogo, Japan).
However, 2 kits and units were adopted to measure the levels of
D-dimer at different periods in our hospital. D-dimer PLUS kit
was used before November 2011. The DDU unit was applied for
reporting the levels of D-dimer and the normal range of plasma
D-dimer concentration was <246.4 mg/L. The Innovance
D-dimer kit with FEU unit was used after November 2011.
The normal range of plasma D-dimer concentration was
<0.55 mg/L. The concentrations of D-dimer up to 246.4 mg/L
or 0.55 mg/L were considered normal.

For all measurements, levels that were not detectable were
considered to have a value equal to the limit of detection of
the assay.

Statistical Analysis
SPSS 19.0 software (SPSS Inc, Chicago, IL) was used for

statistical analyses. Variables of normality were tested and if
conforming to the normal distribution, data were expressed as
means� standard deviation. Two independent t tests for quan-
titative data, and x2 test or Fisher exact test for categorical data
were performed; otherwise, data were expressed as medians
with a range taking the Spearman test into consideration. The
receiver-operating characteristics (ROC) curve was obtained to
determine the cutoff value and was utilized to evaluate the
accuracy. Sensitivity, specificity, positive predictive value, and
the negative predictive value were also calculated. Area under
the curve (AUC) was calculated as measurement of the accuracy
of the test. A P value <0.05 (2-sided) was considered
statistically significant.

RESULTS

Characteristics of Patients
There were totally 274 patients being included for

analyses, among which 17 patients experienced reversible
intestinal ischemia and 99 patients suffered from intestinal
necrosis. The general clinicopathologic characteristics are sum-
marized in Table 1. There were no significant differences in age
and laparotomy history among the 3 groups (Table 1). The
durations from symptoms to admission were significantly long-
est in group without ischemia. However, there was no statistical
difference between reversible ischemia group and bowel necro-
sis group (P¼ 0.688). Although the durations from D-dimer test
to operation were significant different among the 3 groups, there
was also no statistical difference between reversible group and
bowel necrosis group (P¼ 0.587). The reasons of obstruction
included adhesion, tumor, volvulus, foreign body, intussuscep-
tion, and hernia. However, the spectrums of diseases were
significant different among the 3 groups (P¼ 0.000). Also,
the operative methods are listed in Table 1. Continuous pain,

Medicine � Volume 94, Number 40, October 2015
peritoneal irritation signs, high temperature, tachycardia,
increased white blood cell count, and shock were significantly
more frequent in group with bowel necrosis.
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TABLE 1. General Clinicopathologic Characteristics of Patients

No ischemia
(n¼ 158)

Reversible Ischemia
(n¼ 17)

Bowel Necrosis
(n¼ 99) P

Sex 0.000
Female 72 (45.6%) 11 (64.7%) 46 (46.5%)
Male 86 (54.4%) 6 (35.3%) 53 (53.5%)

Age, y 0.585
<60 67 (42.4%) 5 (29.4%) 41 (41.4%)
�60 91 (57.6%) 12 (70.6%) 58 (58.6%)

Laparotomy history 108 (68.4%) 13 (76.5%) 66 (66.7%) 0.724
Duration from symptoms to admission, h

�
120 (5–2160) 72 (12–360) 72 (4–2880) 0.000

No ischemia vs reversible ischemia 0.012
No ischemia vs bowel necrosis 0.000
Reversible ischemia vs bowel necrosis 0.688

Duration from D-dimer test to operation, h
�

16.0 (2.0–930.0) 14.0 (4.0–109.0) 10.0 (4.0–600.0) 0.001
No ischemia vs reversible ischemia 0.195
No ischemia vs bowel necrosis 0.000
Reversible ischemia vs bowel necrosis 0.587

Continuous pain 0.000
No 155 (98.1%) 3 (17.6%) 8 (8.1%)
Yes 3 (1.9%) 14 (82.4%) 91 (91.9%)

Peritoneal irritation signs 0.000
No 86 (54.4%) 2 (11.8%) 28 (28.3%)
Slight 42 (26.6%) 12 (70.6%) 31 (31.3%)
Severe 30 (19.0%) 3 (17.6%) 40 (40.4%)

Temperature >388C 4 (2.5%) 1 (5.9%) 13 (13.1%) 0.004
Pulse >100 beats/min 25 (15.8%) 2 (11.8%) 29 (29.3%) 0.022
White blood cell count 0.000
>12� 109 cells/L 44 (27.8%) 2 (11.8%) 48 (48.5%)
<4� 109 cells/L 15 (9.5%) 2 (11.8%) 6 (6.1%)

Shock 0.035
No 154 (97.5%) 17 (100%) 90 (90.9%)
Yes 4 (2.5%) 0 9 (9.1%)

D-dimer level (DDU)
�

161 (50–1074) 358 (50–1438) 616 (50–1134) 0.542
D-dimer level (FEU)

�
1.19 (0.33–5.14) 2.61 (0.09–38) 3.605 (0.38–14.68) 0.007

No ischemia vs reversible ischemia 0.127
No ischemia vs bowel necrosis 0.007
Reversible ischemia vs bowel necrosis 0.019

Reason of obstruction 0.000
Adhesion 75 (47.5%) 11 (64.7%) 54 (54.5%)
Tumor 43 (27.2%) 1 (5.9%) 3 (3.0%)
Volvulus 22 (13.9%) 0 17 (17.2%)
Foreign body 5 (3.2%) 0 0
Intussusception 1 (0.6%) 0 1 (1.0%)
Hernia 12 (7.6%) 5 (29.4%) 24 (24.2%)

Operation methods 0.000
Adhesiolysis 59 (37.3%) 11 (64.7%) 0
Simple enterostomy 28 (17.7%) 2 (11.8%) 0
Bowel resection with enterostomy 14 (8.9%) 0 17 (17.2%)
Bowel resection with anastomosis 30 (19.0%) 0 82 (82.8%)
Bypass 2 (1.3%) 0 0
Drainage 6 (3.8%) 0 0
Torsion reposition 11 (7.0%) 0 0
Enterotomy to remove foreign body 1 (0.6%) 0 0
Herniorrhaphy 7 (4.4%) 4 (23.5%) 0

�
Expressed as median (range).
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peritoneal irritation signs, increased white blood cells, isolated
abdominal mass, disappearance of bowel sounds, or hemato-
chezia, may conduce to the diagnosis of bowel necrosis.23 In
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We compared the D-dimer levels among the 3 groups
according to the different units and test methods, and found
that patients with bowel necrosis had a significant highest level
of D-dimer compared with patients who had reversible ischemia
or those who had no ischemia (P¼ 0.007), when FEU unit was
applied for report. Instead of comparison between no ischemia
group and reversible ischemia group, the D-dimer level of group
with reversible ischemia was also significantly different from
that of group with bowel necrosis. Nevertheless, these obser-
vations could not be found when DDU unit was used (Table 1).

Correlation Between the D-Dimer Level and the
Length of the Necrotic Bowel

The correlation between the D-dimer level and the length of
the necrotic bowel was investigated by Spearman rank corre-
lation. The results demonstrated that the correlation coefficient
between the level of D-dimer and the length of the necrotic
bowel was 0.320 (P¼ 0.005).

The Cutoff Value, Sensitivity and Specificity of D-
Dimer for Bowel Necrosis

Only when FEU unit rather than DDU unit was applied,
patients with bowel necrosis had a significant increased level of
D-dimer compared with other 2 groups. And actually, the
Innovance D-dimer kit with FEU unit is more sensitive, more
reasonable, more stable, and used more widely than D-dimer
PLUS kit with DDU unit. So we investigated the role of D-dimer
in determining the bowel necrosis further by analyzing the data
of patients with FEU unit applied. Based on the ROC curve, the
optimal cutoff value of plasma D-dimer level as an indicator in
diagnosing bowel necrosis was projected to be 1.965 mg/L,
which yielded a sensitivity of 84.0% and a specificity of 45.6%.
The AUC was found to be 0.639 (95% confidence interval [CI]
0.546–0.732) (P¼ 0.006) (Figure 1). The positive predictive
value was 60.7%, and the negative predictive value was 74.0%.
We also evaluated the role of D-dimer to distinguish the
reversible ischemia and bowel necrosis. The optimal cutoff
value was projected to be 1.65 mg/L, which yielded a sensitivity
of 84.0% and a specificity of 70.0%. The AUC was found to be
0.773 (95% CI 0.613–0.933) (P¼ 0.007) (Figure 2). The
positive predictive value was 73.7%, and the negative predictive
value was 81.4%.

The Role of D-Dimer in Diagnosing Bowel
Necrosis When There Was No or Slight
Peritoneal Irritation Signs

In patients with no or slight peritoneal irritation signs, the
sensitivity and specificity of D-dimer in diagnosing bowel
necrosis were 85.2% and 44.7% respectively, when the cutoff
value was set as 1.965 mg/L, and the positive predictive value
and the negative predictive value were 35.4% and 89.5%,
respectively.

Parallel Combined Diagnostic Tests of D-Dimer
and Peritoneal Irritation Signs in Diagnosing
Bowel Necrosis

If D-dimer (the cutoff value: 1.965 mg/L) and peritoneal
irritation signs were used to perform the parallel combined

Yang et al
diagnostic tests. The sensitivity and specificity were 96.0% and
27.5%, and the positive predictive value and the negative
predictive value were 41.4% and 91.7% respectively.

4 | www.md-journal.com
DISCUSSION
Intestinal necrosis is a life-threatening disease, and its

prompt and accurate diagnosis is very important. Some clinical
signs, such as continuous abdominal pain, fever, tachycardia,

FIGURE 1. Receiver-operating characteristic (ROC) curves were
utilized to evaluate the sensitivity and specificity of D-dimer levels
to diagnose intestinal necrosis.
FIGURE 2. Receiver-operating characteristic (ROC) curves were
utilized to evaluate the sensitivity and specificity of D-dimer levels
to distinguish the reversible ischemia and bowel necrosis.
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this study, we also found continuous pain, peritoneal irritation
signs, high temperature, tachycardia, increased white blood cell
count and shock were significantly more frequent in group with
bowel necrosis.

However, if the diagnosis were determined according to
the clinical signs mentioned above, that would be too late and
indicate severe and too advanced disease.20 So, the clinical
difficulty for doctors is to intervene at the early stage of
strangulated bowel obstruction to avoid the occurrence of
intestinal necrosis, or identify and treat bowel necrosis early
when it happens inevitably. Unfortunately, there are no satisfied
tests that can predict or diagnose intestinal necrosis accurately
yet.

D-dimer is one of the terminal products of the destruction
of fibrin, which constitutes the basic elements of the fibrinolytic
system.24 In clinical practice, D-dimer level can be detected
easily whenever and dynamically. The level of D-dimer in blood
was found to be increased in some thrombotic diseases, such as
acute ischemic stroke, acute pulmonary embolism, or dissemi-
nated intravenous coagulation, etc,12–15 and some nonspecific
stressed condition, such as trauma, etc.25 Some researchers have
proved that the plasma D-dimer levels would increase when
acute bowel ischemia happened.16–19 That may be because
when intestinal necrosis occurs, the mesenteric artery is
occluded and the thrombosis is formed in the involved mesen-
teric vessels, which may initiate the fibrinolytic system to
thrombolysis and therefore generate D-dimer.18,20 At the same
time, the stress pressure and systemic reaction to this disease
would lead to the increase of the D-dimer.20,25 In our study, we
found that patients with bowel necrosis had a significant
increased level of D-dimer compared with other 2 groups when
FEU unit was applied for report. And we also found that there
was a correlation between the D-dimer level and the length of the
necrotic bowel. So it might be reasonable to use D-dimer as a
marker for early diagnosis of bowel necrosis, although the
correlation coefficient could not indicate a strong relationship,
which may be caused by the nonspecific stressed systemic
reactions of D-dimer.

In the present study, we used the ROC curve to obtain the
optimal cutoff value of plasma D-dimer levels as an indicator in
diagnosing bowel necrosis, which yielded a sensitivity of
84.0%, a specificity of 45.6%, a positive predictive value of
60.7%, and a negative predictive value of 74.0%. The results
may be similar to others. Icoz G et al21 found that elevated D-
dimer level had a high sensitivity but low specificity for
identifying patients with intestinal ischemia. Compared with
the patients without intestinal resection, D-dimer levels in
patients requiring resection were not significantly higher, which
generated sensitivity of 85%, specificity of 36%, and negative
predictive value of 88%.21 However, Bogusevicius et al
reported that the D-dimer test had a sensitivity of 60%, speci-
ficity of 68%, positive predictive value of 43%, and negative
predictive value of 81% in diagnosing strangulated intestinal
obstruction and they considered that D-dimer test was neither
sensitive nor specific in diagnosing strangulation.20 In our
study, we could see although the specificity was not very high,
the relative high sensitivity may attract our attention to notice
the potential presence of intestinal necrosis if the level of D-
dimer increases. And the relative low specificity may be caused
by the nonspecific stressed systemic reactions.

It is more meaningful to prevent intestinal necrosis at the
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stage of intestinal ischemia. In animal experiments, the plasma
D-dimer level increased along with the prolongation of intestinal
ischemia duration.21 Some patients with intestinal ischemia

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
who had consistently atypical or mild symptoms and signs
but gradually increased plasma D-dimer during the conservative
therapy, were also finally proved of intestinal necrosis.26 Our
results showed that the D-dimer levels were also significantly
different between reversible ischemia group and bowel necrosis
group, and the sensitivity of 84.0% and specificity of 70.0%
were detected, when 1.65 mg/L of D-dimer was set as the cutoff
value to distinguish the reversible ischemia and bowel necrosis.
Although our results could not be considered to be highly
sensitive or highly specific in distinguishing the reversible
ischemia and bowel necrosis, what is a vexing problem in
clinic, it may clue us to perform the operation before the
dynamical increment of D-dimer level up to 1.65 mg/L based
on a continuous monitoring.

When the classical clinical signs are present, there is often
no difficulty for the diagnosis of intestinal necrosis. However,
that would be too late and indicate severe and too advanced
disease.20 And sometimes even intestinal necrosis happened,
the clinical signs were absent or the physical signs were slight.
So tests that can identify intestinal necrosis earlier or in patients
with no or slight physical signs are more useful in clinic. In the
study, we investigated the effectiveness of D-dimer in diagnos-
ing bowel necrosis for patients with no or slight peritoneal
irritation signs. We found the sensitivity and specificity of D-
dimer test were 85.2% and 44.7% respectively, when the cutoff
value was set as 1.965 mg/L. And the positive predictive value
and the negative predictive value were 35.4% and 89.5%
respectively. These results were similar to those of the total
population, which meant that the D-dimer test was relatively
stable even in patients with no or slight physical signs. Further-
more, with respect to the relative high negative predictive value
of 89.5%, bowel necrosis in patients with no or slight physical
signs could be less frequently considered if the value of D-dimer
is not high.

Considering to the severe outcome caused by the missed
diagnosis of intestinal necrosis, parallel combined diagnostic
tests are often used to ensure the high sensitivity of the
diagnosis, and it is most common to synthesize the peritoneal
irritation signs and some accessory examinations in clinic.5 In
the present study, we analyzed the role of parallel combined
diagnostic tests including D-dimer and peritoneal irritation
signs. The extreme high sensitivity and negative predictive
value were demonstrated, which meant that the presence of
negative parallel combined diagnostic tests may suggest other
diagnoses. Zeybek et al18 also found the similar results in the
early diagnosis of strangulated hernia of rat. However, even if
the initial results of D-dimer are not high, we still need monitor-
ing the D-dimer dynamically. Because prolonged conservative
therapy may increase the rate of strangulation, the risk of
intestinal necrosis and the mortality.1

In our study, the specificity is low for D-dimer to diagnose
bowel necrosis, although the sensitivity is relatively high.
However, we do not think that the ‘‘positive’’ D-dimer will
help to determine a diagnosis. The value is in the absence of an
elevated D-dimer. As a matter of fact, 2 aspects for the value of
D-dimer in the diagnosis of bowel necrosis were emphasized in
this study. One was that the relatively high sensitivity may
attract our attention to notice the potential presence of intestinal
necrosis if the level of D-dimer increased, which was just like a
kind of warning, although the specificity was not high enough to
diagnose the bowel necrosis definitely. Another but the most

D-Dimer Diagnose Bowel Necrosis
important aspect was applying the D-dimer to exclude the
diagnosis of bowel necrosis, which could provide us the
attemptable opportunity to treat the patients conservatively

www.md-journal.com | 5



sometimes. That is because the extremely high negative pre-
dictive value of parallel combined diagnostic tests means bowel
necrosis could be less frequently considered if the result of tests
is negative. And the dynamical increment of D-dimer level from
the original negative value may clue us that there is a possibility
of condition deterioration and the intervention should be given
early based on a continuous monitoring. Furthermore, because
we just emphasize the value of a negative D-dimer rather than an
increased positive D-dimer, the results remain meaningful con-
stantly even if the prevalence of intestinal ischemia varies
greatly in different clinical settings. Of course, D-dimer should
be used in conjunction with other appropriate diagnostic criteria
of bowel necrosis and must be interpreted in combination with
clinical probability.

As in any other retrospective study, limitation of the current
analysis includes possible selection bias, detection bias, and
performance of analysis bias,27 and the sample size of reversible
ischemia group was relatively small. Another limitation of this
study is that the results are only applied to the D-dimer assay with
Innovance D-dimer kit in which FEU unit was used.

CONCLUSIONS
In conclusion, we considered that the combination of D-

dimer and peritoneal irritation signs could generate a reliable
negative predictive value, which is helpful to exclude the
diagnosis of intestinal necrosis. However, the real role of D-
dimer as a marker for early diagnosis of bowel necrosis should
also be proved in well-designed large-scale prospective study.
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