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Procalcitonin as Predictor of Bowel Injury in Penetrating
Abdominal Injury
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Background: Diagnosis of bowel injury may be considered one of the difficulties in penetrating abdominal trauma. Aim of the Study: The
aim of this study is to estimate the predictive ability of procalcitonin in diagnosing bowel injury in multiply injured patients. Patient and
Methods: In a cross-sectional study at the Emergency Department of Al-Kindy teaching hospital over 1 year, patients were had penetrating
abdominal trauma, and measurement of procalcitonin to all participants to estimate its predictive ability. Results: Procalcitonin was found
to be a single independent predictor of bowel perforation with sensitivity of 90.3%, specificity of 80.6%, and cutoff point of 4.5 ng/ml.
Conclusion: Procalcitonin level of more than 4.5 ng/ml in cases of penetrating abdominal injury may be considered an aiding predictor for
bowel perforation, thus shifting the treatment toward surgical intervention.
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INTRODUCTION

Abdominal trauma is one of the most common sources of
hypovolemic shock in multiply injured patients. Surgical
intervention may be the result for both rapid diagnosis and
to treat these patients.['! Bowel injury can be a preoperative
diagnostic dilemma as 20% of them were missed even by
initial abdominal and pelvic computed tomography scans.™

Previous studies investigated the effect of (leukocyte count,
C-reactive protein, interleukin, and tumor necrosis factor) as
indicators of bowel injury.** However, none of them were
specific.

Procalcitonin is a 116 amino acids polypeptide prohormone. In
normal conditions, a scanty amount of procalcitonin is found in
plasma. Under the influence of endotoxins and interleukin and
tumor necrosis factors, its rate of production can be increased to
thousand times than normal. Other than the thyroid, procalcitonin
is produced in many organs, including the liver, pancreas, and
intestine, this production is activated in the presence of bacterial
infection and downregulated by viral infection.”

Previous studies showed that procalcitonin could be elevated in
cases of liver or bowel injury, and its level was not affected in
other intra-abdominal injuries.”” Investigating this biomarker
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could have a role in the prediction of bowel injury in multiply
injured patients.

Aim of the study

The aim of this study is to estimate the predictive ability of
procalcitonin in diagnosing bowel injury in multiply injured
patients.

Patients AND MEeTHODS

A cross-sectional study was conducted at the Emergency
Department of Al-Kindy teaching hospital over 1 year (from
April 1,2021, to April 1, 2022). Patients included in the study
were all patients suffering from penetrating abdominal injuries
presented within 1 h to the hospital and indicated for abdominal
surgery, while cases of blunt trauma, trauma to sites other than
the abdomen, cases with chronic medical comorbidities, and
chronic drug or substance users were excluded from the study.
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After the application of the ATLS protocol, the research
data were collected. These data include patient age, gender,
duration of the referral to the hospital, vital signs, and all
cases indicated for laparotomy, and 5 mL of blood drawn for
measurement of procalcitonin. Blood was kept in EDTA tube
and centrifuged for a quarter of an hour and the serum was
separated and frozen to be transferred to a private laboratory
for measurement after thawing using an ELISA kit (RayBio®
Human Procalcitonin catalog number ELH-PROCALC) and
Cobas ¢ 411 immunoassay analyzers (Roche, Germany).
After a few minutes, the result could be interpreted as normal
if it is <0.05 ng/mL (as a reference range provided by the
manufacturer).

After the surgery reporting the operative finding as (bowel
injury and other types of injury).

Statistical analysis was done by the Statistical Package for
the Social Sciences (SPSS) software (IBM company, [llinois,
USA), and data were presented as mean, standard division,
counts, and percentage. P < 0.05 was considered statistically
significant. Tests of significance used were Chi-square for
categorical data, Student’s #-test for continuous variables,
predictive ability, cutoff point, and the area under the curve
calculated using the receiver operator characteristic curve.
Sensitivity (SN), specificity (SP), positive predictive value,
negative predictive value, accuracy, and relative risk were
calculated according to the estimated cutoff point.

ResuLts

Sixty-seven cases suffered from penetrating abdominal
trauma were admitted for laparotomy. Thirty-one (46.3%)

cases had bowel injuries, and 36 (53.7%) cases had no bowel
injuries.

The two groups were not different in regard to demographical
data, type of insult (bullet or stab wound), and associated
injuries found in both groups and again no difference in the
associated organ injury and bowel injury was found. Higher
mean procalcitonin level was found in cases with bowel injury
(mean 6.55) than those without such type of injury (mean
1.77). this difference was statically significant, as shown in
Table 1.

After the application of binary logistic regression analysis, it
was found that procalcitonin level is the single independent
predictor for bowel injury as shown in Table 2.

The receiver operating characteristic curve analysis [Figure 1]
showed that the above 4.5 ng/ml level of procalcitonin, the SN
was 90.3% and SP was 80.6% as explained in Table 3.

Discussion

Around 20% of all war injuries are abdominal, Bowel injury
(BI) was common in the majority of those injuries.l’ In this
study, the most common gender involved in penetrating
abdominal injury was male, as found by Oosthuizen et al.””
The mean age of the patients was similar in regard to the
bowel injury, these similarities in age and gender enhance the
homogeneity of the data collected thus eliminating its effect on
the rest of the variables. Twenty-five (37.3%) cases required
blood transfusion yet this result was not a predictor of bowel
injury, Hanna et al.'® found that 38% of cases of bullet injuries
require blood transfusion and 24% of all penetrating abdominal
trauma require blood transfusion. The rate of intensive care unit

Table 1: Distribution of data

Variables No bowel injury, n (%) Bowel injury, n (%) Total, n (%) P
Gender
Male 33 (91.7) 29 (93.5) 62 (92.5) 0.770
Female 3(8.3) 2(6.5) 5(7.5)
Age, mean+SD 27.58+6.26 28.06+7 27.80+6.57 0.362
Recruitment of blood product
No 21(58.3) 21 (67.7) 42 (62.7) 0.427
Yes 15 (41.7) 10 (32.3) 25(37.3)
ICU admission
No 29 (80.6) 23(74.2) 52(77.6) 0.533
Yes 7(19.4) 8(25.8) 15 (22.4)
Type of trauma
Bullet injury 28 (77.8) 22 (71.0) 50 (74.6) 0.523
Stab wound 8(22.2) 9(29.0) 17 (25.4)
Associated injuries
Muscle or omentum 11 (30.6) 14 (45.2) 25(37.3) 0.317
Liver 14 (38.9) 8(25.8) 22(32.8)
Spleen 3(8.3) 0 3 (4.5
Kidney 2 (5.6) 2(6.5) 4(6.0)
Retroperitoneal 6 (16.7) 7 (22.6) 13 (19.4)
Procalcitonin, mean+SD 1.77£2.05 6.55+£2.2 3.98+3.19 <0.0001
SD: Standard deviation, ICU: Intensive care unit
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Figure 1: Procalcitonin ROC curve analysis. ROC: Receiver operating
characteristic

admission was 22.4% for overnight observation. Fifty (74.6%)
cases had bullet injury, and no significant difference was found
in regard to bowel injury, whereas Cardi et al.l (n = 953)
found that bullet injury more associated with bowel injury
than stab wound, this difference may be attributed to the
small sample size in the current study that makes room for
type II error. The liver was the most common solid organ
involved (32.8%), Jeroukhimov et al.’! also found that the
next to bowel injury is liver injury with rate of 8.4%. The
current study showed that procalcitonin level was the single
independent predictor for bowel injury with high SN and SP
at a cutoff point of 4.5 ng/ml. This high SP could be explained
by the role of the intestinal in the production of procalcitonin
in the face of inflammation associated with bowel injury, on
the other hand, intraperitoneal organs (other than the liver),
had no role in the production of procalcitonin (as found in the
study conducted by Xu et al.l'”). Cosse et al.'! found that
cutoff point of 2.47 ng/ml was associated with 76.3% SN and
84.2% SP these differences may be attributed to the difference
in the study population as in their study they investigated the
role of procalcitonin in bowel ischemia, these results highlight
the association of procalcitonin with bowel injury (ischemic
in addition to perforation). While Feng et a/.l'” in their study
on cases of perforated appendicitis found that PCT more
than 0.46 ng/mL was associated with 93% SN and SP. These
differences in the cutoff point may be attributed to the minimal
bowel content that spilled in the peritoneal cavity in cases of
appendicitis in comparison to penetrating bowel injury, as
procalcitonin is marker of the severity of infection as stated
by Mahuli ef al.!"¥! who investigated the role of procalcitonin
in abdominal sepsis.

Table 2: Binary logistic regression analysis

Variable B P

Age —-0.023 0.715
Procalcitonin 181.005 0.001
Gender 2.902 0.395
Blood 0.314 0.669
ICU —0.681 0.457
Type of trauma —1.695 0.056
Duration —0.021 0.470
Associated injuries —0.472 0.903

ICU: Intensive care unit

Table 3: Predictive ability of procalcitonin

Predictor Level
Cutoff point (ng/mL) 4.5

AUC (95% CI) 0.941 (0.889-0.993)
SN (%) 90.3

SP (%) 80.6

PPV (%) 80

NPV (%) 90.6

Acc (%) 85

RR (95% CI) 4.64 (2.36-9.12)

CI: Confidence interval, SN: Sensitivity, SP: Specificity, PPV: Positive
predictive value, NPV: Negative predictive value, Acc: Accuracy,
RR: Relative risk, AUC: Area under the curve

CoNcLusIOoN

A procalcitonin level of more than 4.5 ng/ml in cases of
penetrating abdominal injury may be considered an aiding
predictor for bowel perforation, thus shifting the treatment
toward surgical intervention.
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