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Abstract

causes of 10 in children are numerous.

intestinal necrosis respectively.

small bowel obstruction

Introduction: Procalcitonin (PCT) has been studied for early identification of Ischemia and/or Necrosis (I/N) in
children with Intestinal Obstruction (I0) secondary to Adhesive Small Bowel Obstruction (ASBO). However, the

Purpose: To correlate the level of PCT with the presence of I/N.

Results: Fifty-seven patients were analyzed. The incidence of I/N was 36%. PCT median was statistically higher
in patients with I/N compared to those patients with normal intestine: 4.13 (13.9) vs. 0.11 (0.28) ng/ml, p=<0.001. A
PCT threshold >1.17 ng/ml for predicting I/N yielded a sensitivity of 90%, a specificity of 97%, a Positive Predictive
Value (PPV) of 95%, a Negative Predictive Value (NPV) of 94%, p=<0.001, Relative Risk (RR) 17.57 (95%
Cl, 4.54-67.90). Similarly, a PCT threshold >1.41 ng/ml for predicting intestinal necrosis yielded a sensitivity of 92%,
a specificity of 88%, a PPV of 72%, a NPV of 97%, p=<0.001, RR 28.16 (95% CI, 3.98-119.12).

Conclusion: This study corroborates the association of PCT with IN in children with 10 and expands the
evidence of its use in this field. Similarly, suggests a PCT threshold >1.17 ng/ml and >1.41 for predicting IN and

Keywords: Procalcitonin; Adhesive small bowel obstruction; Intestinal ischemia; Intestinal necrosis; Pediatric

Introduction

Intestinal Obstruction (IO) is a serious condition that has to
be identified and treated promptly to avoid severe complications [1].
In children a variety of causes have been reported such as, small
bowel obstruction, incarcerated inguinal hernia, intussusception,
intestinal malrotation, intestinal atresia, tumors, inflammatory bowel
disease and anorectal malformations [2-5]. Clinical, laboratory and
radiological parameters have been studied to identify the presence
of Ischemia and/or Necrosis (I/N) in patients with 10 [6-11].
However, none of them have shown sufficient sensitivity and
specificity to be considered as the gold standard.

Procalcitonin (PCT) is a protein of 116 amino acids, the
precursor of the calcitonin hormone discovered by Moya and
collaborators in 1975 [12]. It is produced by the C cells of
the thyroid gland and converted  entirely to  calcitonin
within  these cells. In normal conditions, the serum levels of
PCT in the blood are very low <0.1-0.5 ng/ml [13-15]. In 1993,
Assicot et al. reported the association between increased PCT
levels and  bacterial infection [16]. Subsequently, multiple
studies have suggested the PCT levels as a guide in antibiotic
treatment [17-19].

In 2005, Ayten et al. reported for the first time the association
between PCT increase and I/N in rabbits [20]. Subsequently, multiple
studies investigated the role of PCT in the management and prognosis
of adult patients with Adhesive Small Bowel Obstruction (ASBO)
showing encouraging results [21-26]. In 2017, we published the first

study in pediatric patients that demonstrated a correlation
between the increase in PCT and the presence of I/N in patients
with ASBO and suggested that a PCT greater than 1.0 ng/ml

should be indicative of surgical management due to this
association [27]. Nonetheless, this study was exclusive for
patients with ASBO including those managed with medical

treatment and surgery; we got some false negatives, which we
believe were from taking PCT every 24 hours or maybe because
we granted that ABSO that didn’t require surgery had no I/N. In the
current study, we only included patients with 10 who required
surgical intervention, meaning we were certain of the presence/
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absence of I/N and we attempted to reduce false negatives by taking
the last sample of PCT immediately before surgery knowing the report
that recommended taking PCT more frequently.

The objective of the present study was to include only subjects who
required surgery with any cause of 10, to justify the association of
PCT and I/N and to determine if PCT threshold greater than 1.0 ng/ml
is still the most accurate to predict I/N.

Materials and Methods

A prospective, longitudinal, monocentric, comparative clinical
study was carried out.

Population

Consecutive patients between 0 and 18 years of age with a
diagnosis of 10 (bilious vomiting, abdominal distension and absence
of stools) were included, corroborated by abdominal X-ray (distended
loops, air levels and absence of gas below obstruction), treated with
surgery in a tertiary level pediatric hospital between July 2018 and
November 2019. Exclusions were patients who did not undergo
surgery because the intestine conditions could not be evaluated, as
well as those who were on antibiotic treatment since they do not
elevate PCT as expected and those who had sepsis because PCT is
regularly elevated [28]. We eliminated patients who did not authorize
PCT sample recollection and those in which PCT sample processing
was poor.

Study design

In our institution, patients with ASBO undergo surgery when
conservative treatment (fasting, gastric tube and IV solutions) fails
after 72 hours, in presence of acute abdomen (defined by the
evaluating surgeons based on severe abdominal pain, often with
associated nausea or vomiting and ill appearance. At the physical
exam, abdominal pain and signs of peritoneal irritation (rebound
tenderness and guarding). Surgical treatment is indicated immediately
in a newborn presenting with IO and no prior abdominal surgery. In
the case of intussusception, reduction by enema is performed except in
cases of acute abdomen or if intussusception is present for more than
24 hours, in which case, they are managed surgically, according to the
protocol from our hospital. Similarly, a serum PCT is taken at
admission in all patients with IO and then every 24 hours until
resolution of the condition or if surgery is indicated. In the present
study, if the patient had a PCT measurement longer than 12 hours
before surgery, a new PCT sample was obtained in the operating room
before incision (ORPCT), with the prior consent of the parents. If the
last PCT sample was within 12 hours before the surgery, that
measurement was considered ORPCT.

PCT assay

2 ml of blood were taken in a heparin free tube for each sample,
which was centrifuged and the serum was used to measure PCT levels
by a quantitative CLIA assay (LIAISON® BRAHMS PCT® II GEN).
Taking our previous report as a reference, the normal reference value
for PCT was considered <1.0 ng/ml and a PCT level > 1.0 ng/ml was
considered elevated.

Main result

Final condition of the intestine (presence or absence of I/N). The

presence of I/N was divided into 2 groups: Intestinal ischemia and
intestinal necrosis.

Assessment of the main outcome

The presence of I/N was evaluated during surgery: If the
occluded bowel had normal color and adequate perfusion it was
defined as a normal intestine. Intestinal ischemia was diagnosed when
the bowel proximal to the obstruction was edematous, violaceous, and
with pulse present. Intestinal necrosis was considered when the
intestine was white or blackish, with no pulse present in the mesentery.
In cases of necrosis, the intestine was resected and necrosis was
confirmed by histopathology. In ischemia cases, the cause was
corrected, warm towels were placed over the intestinal loops and
bowel condition was reevaluated 10 minutes later. If the intestine
recovered, the procedure was completed. If there was no recovery, it
was classified as necrosis and the affected intestine was resected,
proceeding to perform an anastomosis or intestinal diversion (same as
in necrosis cases).

Statistical analysis

For descriptive quantitative variables we used median and
Interquartile Range (IQR), for the comparative analysis
Mann-Whitney U test was used and for the categorical variables
X2 chi-squared test or Fisher's exact test was applied. For the
comparison of the last PCT measure vs. the ORPCT, we used the
Wilcoxon test. We considered statistical significance at p<0.05 and
when a variable had a statistically significant association with I/N,
the effect size was calculated using Relative Risk (RR) and the 95%
Confidence Interval (CI). A multivariate analysis was performed
with logistic regression including the variables associated with I/N in
the univariate analysis.

To determine the threshold for I/N with data from this study, we
performed Receiver Operating Characteristic (ROC) curves and
calculated the Area Under the ROC Curve (AUROCC). Predictive
values are presented with sensitivity, specificity and positive and
Negative Predictive Values (PPV and NPV). The statistical analysis
was carried out through the statistical program SPSS ® (Statistical
Package for the Social Sciences) 26.0 version.

Results

Of 112 patients included, 55 patients were excluded. 41 were
managed conservatively, 13 had sepsis and/or received antibiotics and
one was due to poor processing of the PCT sample, leaving a study
sample of 57 patients. 38 patients (66%) were male and 19 (33%)
were females. The infant group got the highest prevalence with 33%
and the main cause of intestinal obstruction was secondary to ASBO
(66%) followed by intussusception (17%). All patients were followed
up until discharged.

In 36 patients (63%) the intestine was considered normal, in 7
(12%) there was ischemia and in 14 (24%) necrosis corroborated by
histopathology, with an I/N incidence of 36%. There were no
differences between sex or age (p=0.70 and p=0.79 respectively).

Through a univariate analysis of variables associated with I/N, we
found that elevated PCT was the variable that had the most association
with /N (p=<0.001, RR 16.28 (95% CI, 4.20-63.07). Other variables
associated with I/N were acute abdomen and bandemia at admission
(Table 1). In the multivariate analysis, only PCT level >1.0 ng/ml was
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statistically  associated ~with I/N (OR=144.24 (95% CI,
12.65-1643.67), p<0.001).
Variable Subvariable IIN (n=21) Normal intestine | p yajue RR Cl 95%
(n=36)
Abdominal pain at| Yes 17 (81%) 27 (75%) 0.60 1.25 0.51-3.07
physical exam*
No 4 (19%) 9 (25%)
Fever* Yes 4 (19%) 5 (14%) 0.60 1.25 0.55-2.86
No 17 (81%) 31 (86%)
Acute abdomen* Yes 10 (48%) 3(8%) <0.001 3.07 1.70-5.56
No 11 (52%) 33 (92%)
20 mI/kg fluid bolus| Yes 1 (52%) 18 (50%) 0.86 1.06 0.53-2.09
iven**
g No 10 (48%) 18 (50%)
Vasopressor therapy | Yes 1(5%) 2 (5%) 0.89 0.90 0.17-4.62
No 20 (95%) 34 (95%)
Metabolic acidosis® Yes 5 (24%) 6 (17%) 0.51 1.30 0.61-2.79
No 16 (76%) 30 (83%)
Leukocytosis Yes 10 (48%) 18 (50%) 0.86 0.94 0.47-1.86
No 11 (52%) 18 (50%)
Bandemia™* Yes 11 (52%) 7(19%) 0.01 2.38 1.24-4.56
No 10 (48%) 29 (81%)
Hyperlactatemia® Yes 7 (33%) 10 (28%) 0.65 117 0.58-2.38
No 14 (67%) 26 (72%)
PCT>1.0 ng/ml Yes 19 (90%) 2(6%) <0.001 16.28 4.20-63.07
No 2 (10%) 34 (94%)
Note:*After the placement of a nasogastric tube and intravenous fluids administration for more than 8 hours, **Crystalloid solution, *** >10% of the leukocytes count,
°Lactic acid >2.0 mmol/L in a blood sample, RR=Relative Risk, CI=Confidence Interval.

Table 1: Physical, laboratory data and treatment need during hospitalization for IO and their association with Ischemia or Necrosis of the

intestine (I/N).

Serum PCT level

Regarding PCT values, the median was statistically higher in
patients with I/N compared to those patients with normal intestine:
4.13 (13.9) vs. 0.11 (0.28) ng/ml, p=<0.001. Likewise, it was also
higher in patients with necrosis, compared with patients with
ischemia: 8.76 (19.67) vs. 1.50 (1.02) ng/ml, p=0.01. Additionally, the
median of the ORPCT was statistically higher than the previous one,
but only in the patients with I/N: 4.14 (13.9) vs. 0.5 (0.47) ng/ml,
p=0.008.

Taking the PCT threshold >1.0 ng/ml as positive for the last
measurement taken before surgery and relating it to I/N, we obtained a
sensitivity of 90%, specificity of 94%, PPV of 90% and NPV of 94%.

Finally, using a ROC curve, the AUROCC for PCT and I/N was
0.96 (95% CI, 0.91-1.00), with a PCT threshold >1.17 ng/ml and
yielded a sensitivity of 90%, specificity of 97%, PPV of 95% and
NPV of 94%, p=<0.001, RR 17.57 (95% CI, 4.54-67.90) (Figure 1). In
the same way, using a ROC curve only for the patients with
necrosis, the AUROCC was 0.94 (95% CI, 0.89-1.00), with a PCT
threshold >1.41 ng/ml and yielded a sensitivity of 92%, specificity of
88, PPV 72% and NPV of 97%, p=<0.001, RR 28.16 (95% CI,
3.98-119.12) (Figure 2 and Table 2).
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Figure 1: ROC curve for predicting Ischemia and/or Necrosis (IN),
Procalcitonin (PCT) threshold value 1.17 ng/ml.

Figure 2: ROC curve for predicting necrosis, Procalcitonin
(PCT) threshold value 1.41 ng/ml.

Final state of | PCT threshold Sensitivity Specificity PPV NPV p value RR IC 95% RR
the intestine ng/ml

Ischemia or| 1.17 90% 97% 95% 94% <0.001 17.57 4.54-67.90

Necrosis (I/N)

Only necrosis 1.41 92% 88% 72% 97% <0.001 28.16 3.98-119.12

Table 2: Predictive values of PCT threshold for I/N or only necrosis.

Discussion

I/N are serious conditions that can occur in any patient with IO and
timely identification is fundamental when deciding to do surgery and
its timing, all affecting the treatment and prognosis of these patients.
As of this moment, there is not a gold standard for the early
identification of I/N, however, elevated PCT has shown a clear
association with this complication.

There are several studies that show many factors such as pain,
fever, acute abdomen, leukocytosis, bandemia or lactic acidosis
associated with I/N. In our univariate analysis, we found an
association of elevated PCT, acute abdomen or bandemia with I/N.
The highest RR was found when using only elevated PCT. In the
multivariate analysis, only PCT level >1.0 ng/ml was statistically
associated with I/N.

The increase in PCT has shown significant value in the
identification of I/N, mainly in patients with ASBO, reporting
sensitivities of 72%-100%, specificities of 73%-91%, PPV of
40%-89% and NPV of 80%-92%, although the reported PCT positive
threshold ranges from 0.25 ng/ml to 2 ng/ml. In the present study, we
only included patients who required surgical management, which
gives more accuracy because we could observe macroscopically and
microscopically (in patients who had undergone bowel resection the
real status of the bowel, differing from our previous study where
patients who responded successfully to medical treatment were
qualified as with the absence of I/N which can be a source of bias. The

prevalence of I/N was 36%, which is like those reported in other
series, which makes our diagnostic and predictive values reliable
[29-32].

We demonstrated, like Cosse, that serum PCT value in patients with
I/N is significantly higher compared to those with normal intestine and
even gets higher in patients with necrosis compared to those with
ischemia. Because of this, we believe we can argue that the greater the
degree of intestinal suffering will raise the serum PCT value.

We observed that the ORPCT increased significantly compared to
the last one taken longer than 12 hours before surgery and this was
even more pronounced in patients with I/N, so it may be necessary to
take PCT levels more frequently than every 24 hours, as suggested by
Cosse who recommends measuring PCT every 6 hours. At our
hospital, due to financial reasons, we are not able to take PCT as often.

Relative to the threshold of PCT to predict I/N, the ROC curve
showed a level of 1.17 ng/ml, slightly higher than the one in our
previous study, but with higher diagnostic values. In relation to the
threshold to predict intestinal necrosis, we found a PCT value of >1.41
ng/ml to be the best one (p=<0.001 and RR 28.16).

The most important fact for a surgeon confronting the patient with
10 is to suspect I/N since it may indicate surgery and avoid utter
complications, we think that the threshold of 1.17 ng/ml should prevail
with this intention. These values differ from the threshold of 0.57
ng/ml reported by Cosse to predict the need for surgical treatment in
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adults with ASBO. In another study, the same author reported a
threshold for intestinal necrosis > 2.47 ng/ml, higher than in our study,
with similar PPV and lower NPV. We believe that, as more studies in
children with 10 are reported, it will be possible to advance in the
knowledge of the best threshold to predict I/N or anticipate necrosis in
these patients.

Fair to say, the only false positive case in the present study was a 14
year old patient with a history of gastroschisis who presented to the
emergency room with acute abdomen and a PCT value of 3.0 ng/ml, at
surgery a midgut volvulus was found and the bowel condition was
referred to as congestive, but without ischemia. A detorsion of the
volvulus was achieved. The patient did well, being discharged without
incidents. We have no explanation for the reason for the false positive
result, although the subjective appreciation of “congestive bowel
without ischemia” in a patient with midgut volvulus could have been
skewed.

We had 2 false negatives cases. The first was a patient with ASBO
and a normal PCT value at admission, 24 and 48 hours later (0.05,
0.24 and 0.30 ng/ml respectively) who was taken to the operating
room at 48 hours secondary to fever, and intestinal necrosis was
found. The last PCT was considered ORPCT since it was taken 11
hours before the surgery. Given the progressive increase in the PCT
level, conceivably if we had taken another PCT close to the surgery it
could have been above the study threshold. The second patient, also
with ASBO and normal PCT at diagnosis, 24 and 48 hours (0.3, 0.01,
0.01 ng/ml respectively) and ORPCT of 0.24 ng/ml, had intestinal
ischemia that resolved with lysis of adhesions, without obvious
explanation of the normal value of PCT in the presence of ischemia,
which reflects that the level of PCT is not infallible.

One advantage of our study is that we included only patients who
were operated on and the presence/absence of I/N was qualified by the
surgeon in the operating room which improves the evaluation of the
condition of the intestine. The limitations of this study are that the
sample is still small, which explains the width in the confidence
intervals reported, the last measure of PCT level (ORPCT) varied in
relation to the time before surgery and the age and etiology of the
intestinal obstruction groups are heterogeneous.

Conclusion

This study authenticates similar findings about the use of PCT,
corroborates its association with I/N in pediatric patients with IO and
expands the evidence of its use in this field and can be reproduced in
any pediatric center that has the possibility of measuring the level of
PCT. We suggest a PCT threshold of >1.17 ng/ml and >1.41 for
predicting I/N and intestinal necrosis respectively. The best frequency
with which to take PCT for these purposes should be investigated in
children.
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