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Abstract

Background Intestinal fatty acid-binding protein (I-FABP)

is a low-molecular-mass (15 kDa) cytosolic protein found

exclusively in the epithelial cells of the small bowel mucosa.

We aimed to evaluate the clinical usefulness of serum I-FABP

measurement for the diagnosis of ischemic small bowel

disease.

Methods Patients with a clinical diagnosis of acute

abdomen were recruited for this multicenter trial at one

university hospital and nine city hospitals over a 13-month

period. Serum I-FABP levels were measured in 361 eligi-

ble patients by an enzyme-linked immunosorbent assay

using a specific monoclonal antibody.

Results Of the 361 patients, 242 underwent surgery, and

small bowel ischemia was diagnosed in 52 patients. The

mean serum I-FABP level in the patients with small bowel

ischemia was 40.7 ± 117.9 ng/ml, which was significantly

higher than that in patients with non-ischemic small bowel

disease (5.8 ± 15.6 ng/ml) and those with non-small

bowel disease (1.8 ± 1.7 ng/ml). The serum I-FABP cutoff

level for the diagnosis of small bowel ischemia was 3.1 ng/

ml. Serum I-FABP was more efficient than conventional

biochemical markers, in terms of sensitivity and positive

and negative predictive values, in the diagnosis of small

bowel ischemia. However, its specificity was slightly

lower than that of creatinine phosphokinase or lactate
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dehydrogenase. The positive and negative likelihood ratios

of serum I-FABP were 3.01 and 0.29, respectively.

Conclusion Serum I-FABP measurement is a non-inva-

sive method that is potentially useful for the efficient

identification of patients with acute abdomen who are at

risk of small bowel ischemia.

Keywords Acute abdomen � Biomarker � ELISA �
I-FABP � Intestinal ischemia

Introduction

Ischemic diseases of the small bowel, such as occlusion of

the superior mesenteric artery and strangulated obstruction

of the small bowel, remain life-threatening morbidities [1].

A delay in diagnosis can lead to irreversible full-thickness

necrosis of the bowel, which requires massive resection of

the small bowel and is associated with a high risk of death.

Rapid and accurate diagnosis is essential to improve the

prognosis and quality of life of patients with ischemic

small bowel disease. Even when the latest high-technology

diagnostic devices, such as multidetector computed

tomography (CT), are used, these diseases are sometimes

overlooked [2, 3]. It remains difficult, even for experienced

physicians, to identify patients at risk of bowel necrosis

among patients presenting with acute abdomen. Therefore,

patients with ischemic small bowel disease tend to be

followed up without surgical or radiological intervention

before the disease progresses to an advanced stage at which

objective signs, e.g., muscular guarding and collapse, are

evident.

Organ-specific biomarkers are widely used for the

diagnosis of various diseases by blood analysis [alanine

aminotransferase for hepatic injury, creatine phosphoki-

nase (CPK) for myocardial infarction, and amylase for

pancreatitis], because they are easily measurable and

are useful for identifying patients who really need further

examination. However, to date, no specific blood marker is

available for the detection of injury to the small bowel [4].

Intestinal fatty acid-binding protein (I-FABP) is a

cytosolic protein with a molecular mass of approximately

15 kDa [5]. This protein is thought to be important for lipid

metabolism in the small bowel, although no confirmative

evidence has been unearthed so far [6]. I-FABP is abundant

in the mucosa of the small bowel from the duodenum to the

distal segment of the ileum and accounts for approximately

2% of cytosolic proteins [5, 7]. These features of I-FABP—

a cytosolic protein with a low molecular mass and abun-

dant and specific localization in the intestinal epithelium—

make it potentially suitable as a blood marker for the

diagnosis of small bowel disease. We have previously

shown, using rat experimental models, that the serum

I-FABP level increases rapidly in the very early stages of

small bowel ischemia [8]. Furthermore, we have demon-

strated by analyzing human clinical samples that the serum

I-FABP level is elevated in patients with occlusion of the

superior mesenteric artery or strangulated obstruction of

the bowel [9, 10]. Other investigators have reported ele-

vation of the serum I-FABP level in patients with postop-

erative necrosis of intestinal grafts [11, 12], necrotizing

enterocolitis [13, 14], and ileitis associated with ulcerative

colitis [15]. These findings suggest that serum I-FABP

holds promise as a biochemical marker for the diagnosis of

small bowel disease. However, these studies were retro-

spective in design and each was conducted at a single

institution. Thus, the clinical usefulness of serum I-FABP

as a marker of small bowel disease has not yet been

determined.

We produced rabbit polyclonal and mouse monoclonal

antibodies highly specific to human I-FABP [16] and

developed an enzyme-linked immunosorbent assay

(ELISA) using these antibodies. These efforts enabled us to

measure the I-FABP levels in many clinical serum samples

and to perform a multicenter study of serum I-FABP. Here,

we report a multicenter validation study that we recently

conducted to evaluate the clinical usefulness of serum

I-FABP measurement in patients with acute abdominal

disease. The primary objective of the study was to evaluate

the diagnostic utility of serum I-FABP measurement rela-

tive to other biomarkers in patients presenting with acute

abdomen. The secondary objective was to evaluate the

utility of this marker in the diagnosis of small bowel

disease.

Patients and methods

Patients

Patients clinically diagnosed with acute abdomen, i.e.,

patients whose chief complaint was severe acute

abdominal pain and who required judgment regarding the

necessity for surgical intervention, were recruited to this

multicenter study at Niigata University Hospital and nine

other city hospitals in the Niigata district. Between

November 2005 and December 2006, 398 patients were

enrolled and 37 patients were found to be ineligible for

this study: these were 28 patients whose blood samples

were not obtained correctly and 9 patients in whom

comparative testing data were incomplete. The remaining

361 patients were included in the analysis. This study was

approved by the institutional review boards of Niigata

University Hospital (BH17-001) and each of the partici-

pating institutions, and written informed consent was

obtained from all patients.
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Procedures

Blood (approximately 3 ml) was collected from each

patient within 24 h after the diagnosis of acute abdomen.

Serum was immediately separated from each blood sample

and stored frozen at -20�C until measurement of I-FABP.

Clinical information, including age, sex, and patient’s

status, was recorded on registration, and the clinical diag-

nosis was recorded on the clinical report form immediately

after the patient had been discharged. For patients who

underwent surgery, additional information, including the

diagnosis based on surgical findings, surgical procedures,

the presence or absence of bowel obstruction, the presence

or absence of small bowel ischemia, and the severity of the

ischemia, was recorded. No restriction was imposed con-

cerning the diagnostic imaging technique used, and the

responsibility for the surgical indication was assigned to

the attending physician. Serum I-FABP levels of all

patients were analyzed in a blinded manner at a single

laboratory. The results of the I-FABP measurements were

not reported to the attending physician and therefore had no

effect on the treatment decision-making in any patient.

Serum I-FABP measurement

Serum I-FABP was measured by ELISA, with a rabbit anti-

human I-FABP polyclonal antibody serving as the solid

phase and a mouse anti-human I-FABP monoclonal anti-

body as the liquid phase [16]. This ELISA was highly

specific for human I-FABP and showed no reaction to the

following human FABP species of the same family: heart

FABP, liver FABP, adipocyte FABP, brain FABP, or epi-

dermal FABP. This assay allowed quantification of serum

I-FABP in the range of 0.1–50 ng/ml. Samples with a value

of 50 ng/ml or more were diluted appropriately to deter-

mine the I-FABP level. To determine the basal level of

human serum I-FABP, we measured serum I-FABP levels

in 61 healthy volunteers, using the above-mentioned

ELISA technique, before starting the study. The serum

I-FABP level in the healthy volunteers was 1.1 ± 0.9 ng/

ml, ranging from 0.1 to 5.5 ng/ml (men, 1.2 ± 1.0 ng/ml;

women, 1.0 ± 0.5 ng/ml). The features of the ELISA used

in this study are described in detail elsewhere [17].

Analysis of diagnostic utility

The serum I-FABP cutoff level for the diagnosis of small

bowel ischemia was determined by receiver operating

characteristic (ROC) analysis on the basis of the data for

242 patients who underwent abdominal surgery. ROC

curves were depicted using JMP software version 6.0.0

(SAS Institute, Cary, NC, USA), varying the potential

cutoff levels of serum I-FABP concentration, and the

Youden indices [sensitivity - (1 - specificity)] were

sequentially calculated. The concentration at which the

Youden index showed a maximum value was selected as

the cutoff level of I-FABP and was used for the validation

of diagnostic utility in the entire group of 361 patients with

acute abdomen.

The group of 361 eligible patients was divided into two

subgroups: one with small bowel ischemia and one with-

out. We calculated the sensitivity, specificity, and positive

and negative predictive values of serum I-FABP for the

diagnosis of small bowel ischemia. We also calculated

the positive and negative likelihood ratios to evaluate

the extent to which the serum I-FABP assay contributed

to improving the diagnostic efficacy for small bowel

ischemia.

The diagnosis of small bowel ischemia was made on the

basis of operative findings. We defined ischemia as the

gross disturbance of blood flow in the bowel, regardless of

extent and grade. All patients who recovered in response to

medical treatment without undergoing surgery were con-

sidered to be free of ischemia. One patient who died on the

fourth hospital day was clinically diagnosed as having

necrotizing enterocolitis. This patient was classified in the

small bowel ischemia group in this study, although she did

not undergo laparotomy because of her inability to tolerate

surgery. No patient in this series was diagnosed by angi-

ography or treated with interventional radiology.

The usefulness of serum I-FABP in diagnosing small

bowel disease was also analyzed after dividing the 361

patients into a group with small bowel disease and a group

without small bowel disease on the basis of the definite

diagnosis recorded on the clinical report form. The definite

diagnosis was based on surgical findings in the patients

who underwent surgery and, in the patients who did not

undergo surgery, the definite diagnosis was based on a

comprehensive assessment that included consideration of

the patient’s clinical course after the treatment had been

undertaken. In this study, patients with generalized peri-

tonitis were classified in the small bowel disease group.

To evaluate the clinical usefulness of serum I-FABP as a

biomarker relative to other markers, the following variables

were measured simultaneously: (1) inflammation markers

[white blood cell count (WBC) and C-reactive protein

(CRP)] and (2) enzymes associated with the small bowel

[CPK and lactate dehydrogenase (LDH)]. Although these

two enzymes are not bowel-specific, they are used empir-

ically as a guide for the diagnosis of bowel necrosis. The

normal ranges of these markers used in this study were as

follows: WBC, males, 3900–9800/mm3; females, 3500–

9100/mm3; CRP, B0.3 mg/dl; CPK, males, 38–196 IU/l;

females, 30–172 IU/l; LDH, 121–245 IU/l. Each variable

was rated as positive if its value exceeded the upper limit

of its normal range.
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Statistical analysis

The Mann–Whitney U-test was used for intergroup com-

parisons of quantitative data. Confidence intervals for

sensitivity, specificity, positive predictive value, and neg-

ative predictive value were calculated using the Wilson

score method [18]. Confidence intervals for positive and

negative likelihood ratios were calculated by the method

described by Simel et al. [19] Statistical significance was

set at p \ 0.05.

Results

Patients and diagnosis

The clinical characteristics of the 361 patients included in

this study are summarized in Table 1. The patients com-

prised 218 men and 143 women with a mean age of

56.4 years (range 9–97 years). Of the 361 patients, 242

(67.0%) underwent abdominal surgery. The clinical and

operative diagnoses of the 361 patients are shown in

Table 2. The most frequent disease was bowel obstruction

(109 patients, 30.2%), followed by acute appendicitis (95

patients, 26.3%), generalized peritonitis and/or perforation

of the gastrointestinal tract (64 patients, 17.7%), incarcer-

ated hernia (30 patients, 8.3%), acute enterocolitis (18

patients, 5.0%), and acute colonic diverticulitis (15

patients, 4.2%). The remaining diseases included acute

colitis (4 patients), acute cholecystitis (3 patients), and

acute gastritis (2 patients). Only 3 patients with mesenteric

infarction were included in this study (0.8%).

The diagnosis of small bowel ischemia was made in 52

of the 361 patients. The diseases of the 52 patients with

small bowel ischemia were bowel strangulation (30

patients, 57.7%), incarcerated hernia (15 patients, 28.8%),

ischemic enterocolitis (3 patients, 5.8%), mesenteric

infarction (3 patients, 5.8%), and low perfusion syndrome

due to generalized peritonitis following duodenal perfora-

tion (1 patient, 1.9%). In the 309 patients free of ischemia,

the most frequent disease was acute appendicitis (95

patients, 30.7%), followed by simple bowel obstruction (79

patients, 25.6%) and peritonitis and/or perforation of the

gastrointestinal tract (63 patients, 20.4%).

Distribution of serum I-FABP levels

We show the distribution of serum I-FABP levels for

the study group (N = 361) in Fig. 1. The serum I-FABP

level of patients in the small bowel ischemia group was

40.7 ± 117.9 ng/ml, which was significantly higher than

that of patients in the non-ischemic disease group

(3.9 ± 11.6 ng/ml; p \ 0.0001). The level in the small

bowel ischemia group was also significantly higher than

that in the non-ischemic small bowel disease group

(5.8 ± 15.6 ng/ml; p \ 0.0001). Comparing the two groups

without ischemia, the serum I-FABP level in patients with

small bowel disease was significantly higher than that in

patients with non-small bowel disease (1.8 ± 1.7 ng/ml;

p \ 0.0001).

Cutoff level for diagnosis of small bowel ischemia

To determine the serum I-FABP cutoff level for the diag-

nosis of small bowel ischemia, ROC analysis was per-

formed on the data of the 242 patients who underwent

Table 1 Characteristics of the 361 eligible patients

Characteristics

Age (years)

Mean 56.4

Range 9–97

Sex (no. %)

Men 218 (60.4)

Women 143 (39.6)

Institution (no. %)

University hospital 41 (11.4)

City hospital 320 (88.6)

Examination (no. %)

Abdominal X-ray 185 (51.2)

Ultrasonography 38 (10.5)

Computed tomography 316 (87.5)

Abdominal surgery (no. %)

Yes 242 (67.0)

No 119 (33.0)

Table 2 Diagnoses of the 361 eligible patients

Diagnosis No. of

patients

Bowel obstruction 109

Simple obstruction 75

Bowel strangulationa 34

Acute appendicitis 95

Generalized peritonitis/perforation of the gastrointestinal

tract

64

Hernia, incarcerated 30

Acute enterocolitis 18

Acute colonic diverticulitis 15

Mesenteric infarction 3

Others: inflammatory disease 15

Others: not categorized 12

a In 4 patients, strangulated bowel loops were surgically diagnosed as

free from ischemia
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surgery. Fifty-one patients found to have small bowel

ischemia were allocated to the ischemia group, and 191

patients with no ischemia were allocated to the ischemia-

free group. The serum I-FABP level and the levels of the

other markers (reference markers) were compared between

these two groups. The ROC analysis indicated that 3.1 ng/ml

was the serum I-FABP cutoff level that allowed valid dis-

tinction between the two groups. The area under the ROC

curve was greater for serum I-FABP (0.792) than for any of

the other markers (Fig. 2).

Patients positive for serum I-FABP

We show a flow diagram of the patient distribution in this

study in Fig. 3. There were 52 patients with small bowel

ischemia in this study. Of these, 41 (78.8%) were catego-

rized as positive for serum I-FABP (C3.1 ng/ml). Mean-

while, among the 309 ischemia-free patients, 81 (26.3%)

were positive for serum I-FABP.

A total of 122 patients were positive for serum I-FABP,

and their profiles are given in Table 3. In the small bowel

ischemia group, the most common disease was bowel

obstruction (25), followed by incarcerated hernia (10) and

ischemic enterocolitis (3). Eighty-one patients showing

high serum I-FABP levels were clinically and surgically

diagnosed as being free from ischemia. These ischemia-

free patients comprised 65 patients with small bowel dis-

ease and 16 patients with non-small bowel disease. Of the

65 patients with non-ischemic small bowel disease, 28

required abdominal surgery and 19 required decompression

of the gastrointestinal tract using a long tube.

Utility of serum I-FABP in the diagnosis of small bowel

ischemia

The utility of serum I-FABP in the diagnosis of small

bowel ischemia was analyzed using the data of all 361

eligible patients in the study. Table 4 shows a comparison

of the diagnostic utility for small bowel ischemia among

Fig. 1 Distribution of serum

intestinal fatty acid-binding

protein (I-FABP) levels in

groups with small bowel

ischemia, non-ischemic small

bowel disease, and non-small

bowel disease without ischemia.

The distribution of serum

I-FABP levels in 61 healthy

volunteers is shown in the left
column as reference. Mean and

SD are indicated by squares and

bars, respectively

Fig. 2 Receiver operating characteristic curves for serum I-FABP

and reference biomarkers. Areas under the curve for each marker are

as follows: I-FABP, 0.792; lactate dehydrogenase (LDH), 0.756;

creatine phosphokinase (CPK), 0.608; white blood cell count (WBC),

0.491; C-reactive protein (CRP), 0.480
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serum I-FABP and the other biochemical markers tested.

The sensitivity, specificity, positive predictive value, and

negative predictive value of serum I-FABP were 78.8, 73.8,

33.6, and 95.4%, respectively. In terms of sensitivity as

well as the positive and negative predictive values, serum

I-FABP was superior to the other biochemical markers;

however, it showed lower specificity (73.8%) than CPK

(82.8%) and LDH (77.7%).

The positive and negative likelihood ratios of serum

I-FABP were 3.01 and 0.29, respectively, both of which

were the best among the ratios observed for the five bio-

markers measured in the present study.

Utility of serum I-FABP in the diagnosis of small bowel

disease

The 361 patients with acute abdomen were divided into one

group with small bowel disease (N = 217) and another

group with other diseases (N = 144). The serum I-FABP

cutoff level was again set at 3.1 ng/ml. The results of the

comparison of serum I-FABP with other markers are

shown in Table 5. Except for sensitivity, the indices were

higher for serum I-FABP than for the other biochemical

markers analyzed.

Discussion

To clarify the diagnostic utility of serum I-FABP, we

undertook a multicenter clinical study in patients present-

ing with acute abdomen. The present study yielded several

clinically important findings concerning serum I-FABP

measurement. First, this study revealed that the serum

I-FABP levels were significantly higher in patients with

ischemic small bowel disease than in patients with other

diseases associated with acute abdomen and in healthy

subjects. Ischemic small bowel disease is a rare occurrence.

In our previous study [10], the number of patients with this

disease (13 patients) was not large enough for us to conductFig. 3 Flow diagram of patient distribution in this study

Table 3 Profiles of 122 patients positive for serum I-FABP (C3.1 ng/ml)

Category Diagnosis No. of patients

positive for

I-FABP

No. of patients

undergoing

abdominal surgery

No. of patients

requiring

decompression

of the GI tract

Small bowel ischemia (N = 41) Bowel obstruction 25 25 0

Hernia, incarcerated 10 10 0

Ischemic enterocolitisa 3 2 1

Generalized peritonitis/perforation

of the gastrointestinal tract

1 1 0

Mesenteric infarction 2 2 0

No ischemia (N = 81)

Small bowel disease (N = 65) Bowel obstruction 35 7 18

Hernia, incarcerated 6 6 0

Acute enterocolitis 6 0 1

Generalized peritonitis/perforation

of the gastrointestinal tract

18 15 0

Non-small bowel disease (N = 16) Volvulus of the sigmoid colon 1 1 0

Acute appendicitis 9 8 0

Others: inflammatory disease 3 1 1

Others: not categorized 3 1 0

I-FABP intestinal fatty acid-binding protein, GI gastrointestinal
a One patient was clinically diagnosed with necrotizing enterocolitis
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a reliable analysis. In the present multicenter study, we

analyzed the data of 52 patients with this condition.

The mean serum I-FABP level in these 52 patients was

40.7 ng/ml, which was significantly higher than the level in

patients with non-ischemic acute abdomen. This result is

consistent with the results of our previous study. In the

present study, the serum I-FABP level was above the cutoff

level in 41 of the 52 patients with small bowel ischemia

(78.8%). Thus, the relationship between serum I-FABP and

ischemic small bowel disease was demonstrated definitively

in the present study.

Second, the present study showed that the serum

I-FABP level increased in the presence of not only ische-

mic disease but also other small bowel diseases. In our

previous study that used a polyclonal antibody against an

Escherichia coli-expressed recombinant protein, the

detection limit with the ELISA was 20 ng/ml or higher.

With the ELISA used in the present study, the detection

limit was reduced to 0.1 ng/ml because we used a mono-

clonal antibody to the baculovirus-expressed recombinant

protein (which is more akin to human I-FABP in terms of

antigenicity) [16]. This improvement in sensitivity allowed

us to demonstrate that the serum I-FABP level in healthy

persons was 2.0 ng/ml or lower. It also enabled the accu-

rate detection of even a slight elevation in the serum

I-FABP level above the normal range. Guthmann et al. [14]

reported an elevation of serum I-FABP in children with

necrotizing enterocolitis, and Wiercinska-Drapalo et al.

[15] reported an elevation in patients with ulcerative coli-

tis. These earlier studies showed that an elevation in blood

I-FABP level could be caused not only by ischemia-

induced injury of the small bowel mucosa but also by

inflammation-induced small bowel injury. The results of

the present study indicate that the release of I-FABP into

the blood does not ensue specifically in ischemic injury of

the small bowel but ensues commonly in small bowel

injury caused by diverse types of abdominal diseases, such

as acute enterocolitis, simple obstruction of the bowel, and

generalized peritonitis. It is also noteworthy that abdominal

surgery or decompression with a long tube was required in

47 (72.3%) of our present 65 patients with non-ischemic

small bowel disease in whom the serum I-FABP level was

above the cutoff level. Recently, Hanssen et al. [20]

reported that the blood I-FABP level rose in patients with

small bowel injury associated with extracorporeal circula-

tion and that there was a strong correlation between such

small bowel injury and the onset of the systemic inflam-

matory response syndrome. These findings suggest that

I-FABP is released into the blood by injury of the small

bowel epithelium, regardless of the type of injury, and that

Table 4 Comparison of diagnostic utility for small bowel ischemia among blood biochemical markers

I-FABP CPK CRP LDH WBC

Sensitivity 78.8% (67.7–89.9) 32.7% (19.9–45.4) 71.2% (58.8–83.5) 61.5% (48.3–74.8) 61.5% (48.3–74.8)

Specificity 73.8% (68.9–78.7) 82.8% (78.6–87.1) 39.2% (33.7–44.6) 77.7% (73.0–82.3) 35.6% (30.3–40.9)

Positive PV 33.6% (25.2–42.0) 24.3% (14.2–34.3) 16.4% (11.6–21.3) 31.7% (22.6–40.8) 13.9% (9.4–18.3)

Negative PV 95.4% (92.7–98.1) 88.0% (84.2–91.7) 89.0% (83.7–94.2) 92.3% (89.1–95.5) 84.6% (78.4–90.8)

Positive LR 3.01 (2.38–3.80) 1.91 (1.20–3.02) 1.17 (0.96–1.42) 2.76 (2.04–3.72) 0.95 (0.76–1.20)

Negative LR 0.29 (0.17–0.49) 0.81 (0.67–0.99) 0.74 (0.47–1.15) 0.50 (0.35–0.70) 1.08 (0.74–1.57)

Numbers in parentheses represent 95% confidence intervals

CPK creatine phosphokinase, CRP C-reactive protein, I-FABP intestinal fatty acid-binding protein, LDH lactate dehydrogenase, LR likelihood

ratio, PV predictive value, WBC white blood cell count

Table 5 Comparison of diagnostic utility for small bowel disease among blood biochemical markers

I-FABP CPK CRP LDH WBC

Sensitivity 48.8% (42.2–55.5) 23.5% (17.9–29.1) 55.3% (48.7–61.9) 34.1% (27.8–40.4) 55.3% (48.7–61.9)

Specificity 88.9% (83.8–94.0) 86.8% (81.3–92.3) 27.1% (19.8–34.3) 81.3% (74.9–87.6) 22.9% (16.1–29.8)

Positive PV 86.9% (80.9–92.9) 72.9% (62.4–83.3) 53.3% (46.8–59.9) 73.3% (64.6–81.9) 51.9% (45.5–58.4)

Negative PV 53.6% (47.2–59.9) 43.0% (37.3–48.6) 28.7% (21.2–36.3) 45.0% (39.0–51.0) 25.4% (17.9–32.9)

Positive LR 4.40 (2.72–7.12) 1.78 (1.10–2.89) 0.76 (0.65–0.89) 1.82 (1.24–2.68) 0.72 (0.62–0.83)

Negative LR 0.58 (0.50–0.66) 0.88 (0.80–0.97) 1.65 (1.22–2.24) 0.81 (0.72–0.92) 1.95 (1.40–2.72)

Numbers in parentheses represent 95% confidence intervals

CPK creatine phosphokinase, CRP C-reactive protein, I-FABP intestinal fatty acid-binding protein, LDH lactate dehydrogenase, LR likelihood

ratio, PV predictive value, WBC white blood cell count
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the elevation of serum I-FABP in non-ischemic diseases

may reflect the extent and seriousness of morbidity.

Third, the present study clearly delineated the usefulness

and limitations of serum I-FABP measurement as a means

of diagnosing ischemic small bowel disease. In contrast to

the good results obtained in terms of sensitivity, the

specificity of serum I-FABP was unsatisfactory for the

diagnosis of small bowel ischemia. I-FABP failed to

exceed the specificity of CPK and LDH, two commonly

used biochemical markers related to the small bowel. In

our previous animal study [8], CPK was elevated at the

stage of obvious ischemia in which necrosis extended to

the muscular layer of the small bowel. In contrast, the

serum I-FABP level was elevated to as high as 300 ng/ml

following 30-min occlusion of the superior mesenteric

artery, which caused reversible ischemia that was not

associated with morphological changes in the small bowel

mucosa. These findings suggest that I-FABP leakage from

enterocytes could have been caused by a functional dis-

turbance in the microcirculation that did not lead to mac-

roscopically recognizable necrosis, as the insult was

temporary and mild. Such a highly sensitive nature of

I-FABP was presumed to have adversely affected the

diagnostic specificity for bowel ischemia in the present

clinical trial.

In addition, the way of evaluating bowel ischemia

should be considered. The grade and extent of ischemia are

important factors that could influence the magnitude of the

increase in the serum I-FABP level. According to the

protocol of the present study, only patients with macro-

scopically evident signs of ischemia (e.g., a change in the

color of the small bowel) were considered to be ischemic.

As a result, patients with simple bowel obstruction

accompanied by a mild but widely distributed disturbance

of circulation due to intestinal dilatation, and patients with

disease causing reversible injury of the small bowel

mucosa (e.g., generalized peritonitis inducing injury of the

small bowel mucosa associated with the systemic inflam-

matory response syndrome) were classified as being free of

small bowel ischemia. Such a binary evaluation system,

which is essential for multicenter studies, may have led to

the low specificity shown by serum I-FABP when used for

the diagnosis of small bowel ischemia.

In the present study, although serum I-FABP showed

low specificity for the diagnosis of small bowel ischemia,

other indices determining the diagnostic utility of serum

I-FABP were better than those of conventionally used

biomarkers. We consider it particularly noteworthy that the

negative predictive value of serum I-FABP level was as

high as 95.4%. In other words, the results of this analysis

indicate that if serum I-FABP is measured and revealed to

be negative (\3.1 ng/ml), the risk of patients developing

small bowel ischemia would be only 4.6%. Current

advances in CT are likewise noteworthy. A diagnosis of

bowel strangulation can be made with high accuracy by CT

[21, 22], i.e., by checking for the lack of enhancement

filling in ischemic segments of the small bowel on dynamic

CT scans, or by detecting strangulation in reconstructed

images by multidetector CT. Therefore, as one of the

diagnostic strategies developed for patients with acute

abdominal disease, CT is recognized as an essential tool for

the diagnosis of patients suspected of being at risk of small

bowel ischemia. However, to avoid overlooking a lethal

disease, CT tends to be performed more than seems

necessary. Meanwhile, there is accumulating evidence

suggesting a considerable risk of the occurrence of radia-

tion-induced cancer associated with CT [23]; the estimated

risk of fatal cancer induction is reported to be approxi-

mately 1 in 1800 [24, 25], and the risk is age-dependent.

From the perspective of nationwide health care, this risk

should be reduced as much as possible, even if it is

acceptably low in each patient. In the present study, the

positive likelihood ratio, an indicator for clinical efficacy

evaluation, of serum I-FABP in the diagnosis of small

bowel ischemia was 3.01. This suggests that we could

efficiently refine the identification of patients who are at a

high likelihood of small bowel ischemia by measuring the

serum I-FABP level. Thus, together with the high negative

predictive value of the assay, measuring serum I-FABP

levels in patients with acute abdomen to identify those who

actually need invasive examinations, including CT, appears

reasonable, although whether the serum I-FABP assay can

decrease unnecessary CT scans in this setting should be

determined in specific clinical trials.

The I-FABP ELISA used in the present study requires

approximately 3 h before laboratory results would be

available, which is unsatisfactory for clinical use in the

setting of the acute abdomen. We are currently developing

a simple semiquantitative kit that can yield results within

1 h.

In summary, using a highly sensitive ELISA, we mea-

sured serum I-FABP levels in patients with acute abdom-

inal disease. This is the first multicenter study of serum

I-FABP measurement in a clinical setting. Serum I-FABP

was superior to conventional biochemical markers in the

diagnosis of small bowel ischemia, in terms of sensitivity

as well as positive and negative predictive values, although

its specificity was slightly lower than that of CPK and

LDH. The likelihood ratios of serum I-FABP were con-

sidered to be useful for indicating patients at risk of small

bowel ischemia. We conclude that the serum I-FABP assay

is a non-invasive method that is potentially useful for the

refined identification of patients with acute abdomen who

are at risk of small bowel ischemia.
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