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Background: To describe the characteristics, treatments, and prognosis of pediatric gastric
perforation patients beyond neonatal period.
Methods: Twenty pediatric patients beyond neonatal period were included in this study. Med-
ical records were reviewed and clinical characteristics were analyzed. According to the out-
comes, patients were divided into the survival group and the death group. Death time was
documented, and survival patients were followed up. The degree of severity was calculated
using pediatric critical illness score (PCIS). Differences between the two groups were analyzed
by the Student’s t-test, Mann-Whitney test and Chi-square test appropriately.
Results: Gastric perforation was diagnosed in 20 pediatric patients beyond neonatal period,
including 6 males (30%) and 14 females (70%), with the age of 37.18 (15.90, 107.12) months,
and the range was from 4.30 months to 14.17 years old. They had different manifestations, eti-
ologies, sites of perforation and surgery procedures. Among the 20 cases, 14 (70%) survived and
6 (30%) died. Age, gender, length and number of perforation had no statistically difference be-
tween the two groups. However, PCIS, ischemia of gastrointestinal wall, and transmural necro-
sis of gastric wall were statistically different. For the survival group, during a follow-up period
of 50 (36, 68) months, ranging from 2 months to 8 years and 7 months, one patient had a
second-time perforation, another 3 patients had brain injury symptoms, and the rest 10 pa-
tients had good quality of lives.
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Conclusions: Gastric perforation of pediatric patients beyond neonatal period causes a mortal-
ity of 30% on this study. Spontaneous great curvature of gastric wall perforation has the highest
morbidity. Low PCIS predicts for unfavorable prognosis. Most of the survival patients have
satisfactory living quality after operation.
Copyright ª 2019, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Gastric perforation is uncommon1,2 and life-threatening in
infants and children.3,4 Large amounts of studies have
explored neonatal gastric perforation, which has been
characterized5,6 as onset within the first week of age and is
complicated with alimentary malformations. The mortality
is up to 30%e70%,7e10 and the most common cause is
congenital gastric muscular wall defects. However, gastric
perforation in pediatric patients beyond the neonatal
period has rarely been reported, and they have different
characteristics from neonatal patients. In general, the
clinical characteristics, treatments, and prognosis of such
patients are not well understood.

Patients with gastric perforation may present with crit-
ical symptoms,11 and their prognosis varies according to the
severity of the condition. Pediatric critical illness score
(PCIS) has been found to be an objective and quantification
method to evaluate the severity of diseases.12e14 However,
no such study applying PCIS in evaluating the severity of
pediatric gastric perforation has ever been reported.

The purpose of this study is to review our experiences
with 20 gastric perforation cases beyond neonatal period
over eight years, describe the clinical characteristics,
treatments, and prognosis, and analyze the differences
between the survival group and the death group to provide
a foundation for primary prognosis prediction.

2. Methods

2.1. Patients

Medical records of 20 pediatric patients beyond neonatal
period, diagnosed with gastric perforation, admitted to the
general surgery department of our center from January
2009 to July 2017 were retrospectively reviewed. Medical
records of these patients were reviewed with regard to age,
gender, clinical manifestations, degree of severity, surgical
procedures, site and length of perforation, number of
perforation and gastric samples. Depending on the out-
comes, patients were divided into two groups, the survival
group and the death group. Death time was documented,
and all the survival group patients were followed up.

2.2. PCIS (pediatric critical illness score)

The degree of severity was calculated before surgery by
PCIS,15 which synthesized patients’ age and ten physiolog-
ical indexes including heart rate, breath rate, systolic blood
pressure, oxygen partial pressure and pH of arterial blood,
serum sodium and potassium, creatinine or urea nitrogen,
hemoglobin and Glasgow coma scale (Supplementary
Table 1).

2.3. Statistic analysis

All the data were analyzed using SPSS for Windows version
17.0. Normal distribution data was presented by
(mean � standard deviation), and was analyzed using the
Student’s t-test. Non-normal distribution data was pre-
sented by median (first quartile, third quartile), and was
analyzed using Mann-Whitney test. Categorical variables
were presented by frequencies and percentages, and were
studied using Chi-square test. P < 0.05 was considered
statistically significant.
3. Results

Gastric perforation was diagnosed in 20 pediatric patients
beyond neonatal period over eight years in our institution,
including 6 males (30%) and 14 females (70%), with the age
of 37.18 (15.90, 107.12) months, and the age range was
from 4.30 months to 14.17 years old. General condition and
outcomes of the patients are displayed in Table 1. Fig. 1
shows a case of posterior gastric wall perforation during
surgical exploration. Besides, four patients presented with
definite ischemia of gastrointestinal wall during operation.
Pathological results of five cases showed transmural ne-
crosis of gastric wall. Fig. 2 is a great curvature picture
taken from one of them, which shows the disappearance of
normal gastric wall layer, exfoliation of mucosal epithe-
lium, degeneration of muscular layer, and transmural ne-
crosis of gastric wall.

Among the 20 patients, 14 patients (70%) survived, and 6
patients (30%) died. Time of death was 3.00 (1.00, 10.25)
days after surgery, and the time range was from 7 h to 27
days. Table 2 shows a comparison between the survival
group and the death group. Age, gender, length, and the
number of perforation had no statistically significant dif-
ference between the two groups, while PCIS, ischemia of
gastrointestinal wall, and transmural necrosis of gastric
wall showed a statistically significant difference between
the two groups. Specifically, the death group had lower
PCIS, more ischemia and transmural necrosis of gastric wall
cases compared to the survival group.

In the survival group, during the follow-up period of 50
(36, 68) months, ranging from 2 months to 8 years and 7
months, only one patient suffered from a second-time
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Table 1 Pediatric gastric perforation patients beyond neonatal period between 2009 and 2017.

No. Age

(month)

Gender PCISa Clinical manifestation Site of

perforation

Number of

perforation

Length of

perforation

(cm)

Gastrointestinal

wall ischemia

Surgical procedures Transmural

necrosis of

gastric wall

Etiology Outcome Second-time

gastric

perforation

Time of

death after

operation

(day)

Living

condition

1 33.50 F 84 Dyspnea Anterior

wall

1 0.3 No Repairation of

gastric wall and left

diaphragm

No Left

diaphragmatic

hernia

Survive No e Good

2 137.93 F 72 Vomiting, abdominal

distension and

abdominal pain

Posterior

wall

>1 6 No Gastric wall

repairation and

gastrostomy

No Spontaneous Survive Yes e Good

3 43.94 F 90 Vomiting, abdominal

distension

Posterior

wall

>1 1 No Gastric wall

repairation and

gastrostomy

No Spontaneous Survive No e Good

4 14.53 F 82 Vomiting, abdominal

distension, melena

Greater

curvature

1 2 No Gastric wall

repairation and

gastrostomy

No Spontaneous Survive No e Low

intelligence

5 170.13 M 100 Abdominal pain Anterior

wall

1 0.5 No Gastric wall

repairation and

gastrostomy

No Gastric wall

non-hodgkin

lymphoma

Survive No e Good

6 4.30 F 92 Nausea, abdominal

distension

Greater and

lesser

curvature

>1 5 No Gastric wall

repairation

No Spontaneous Survive No e Good

7 40.86 F 90 Vomiting, abdominal

distension and

abdominal pain

Anterior

wall

1 1 No Gastroplasty and

enterostomy

No Spontaneous Survive No e Epilepsy

8 76.02 F 96 Vomiting, abdominal

pain

Greater

curvature

1 6 No Gastric wall

repairation and

gastrostomy

Yes Spontaneous Survive No e Good

9 16.08 M 90 Dyspnea Anterior

wall

1 0.3 No Repairation of

gastric wall and left

diaphragm

No Left

diaphragmatic

hernia

Survive No e Good

10 57.98 F 100 Foreign bodies intake Lesser

curvature

1 0.6 No Gastric wall

repairation

No Foreign body

intake

Survive No e Good

11 98.72 M 96 Abdominal pain, melena Anterior

wall

1 0.5 No Gastric wall

neoplasm resection

and gastrostomy

No Gastric wall

non-hodgkin

lymphoma

Survive No e Good

12 22.17 F 80 Vomiting, abdominal

distension

Posterior

wall

1 10 No Gastric wall

repairation and

gastrostomy

No Spontaneous Survive No e Good

13 15.36 M 90 Abdominal distension,

abdominal pain

Greater

curvature

1 0.5 No Gastric wall

repairation

No Spontaneous Survive No e Good

14 31.12 M 88 Abdominal trauma Greater

curvature

>1 4 No Gastric wall

repairation

No Abdominal

trauma

Survive No e Claudication

15 6.06 F 64 Vomiting, abdominal

distension

Greater

curvature

1 2.5 Yes Gastric wall

repairation and

gastrostomy

Yes Spontaneous Die No 27 e

16 132.31 F 72 Dyspnea Greater

curvature

1 3 Yes Gastric wall

repairation

Yes Left

diaphragmatic

hernia

Die No 5 e

17 21.43 F 80 Vomiting, abdominal

distension

Posterior

wall

>1 0.5 No Gastric wall

repairation

No Spontaneous Die No 12 e
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Figure 1 A surgical exploration picture showed posterior
gastric wall perforation.

Figure 2 A pathological picture of great curvature perfora-
tion under light microscopy (HE � 4), which showed the
disappearance of normal gastric wall layer, exfoliation of
mucosal epithelium, degeneration of muscular layer, and
transmural necrosis of gastric wall.

Pediatric gastric perforation beyond neonatal period 637
perforation at the posterior gastric wall one month after
the first operation, and gastric wall repair, as well as gas-
trostomy, were done once more. The patient had a satis-
factory feeding condition post operation during the follow-
up of 3 months. Another three patients had neurologic
symptoms, such as epilepsy, claudication, and learning
ability deficits, which may be due to anoxia caused by shock
and late fluid resuscitation. The remaining 10 patients had
no abdominal distension, adhesive intestinal obstruction,
second-time perforation or growth retardation.
4. Discussion

Clinical characteristics of gastric perforation in pediatric
patients beyond the neonatal period are not well docu-
mented, and this is the first consecutive case study up to
the present.

After retrospectively analyzing the clinical data, we
found that most patients had a spontaneous gastric



Table 2 Comparison between survival group and death group.

Variables Survival group Death group Results P

Age (month) 37.18 (17.60, 71.51) 79.94 (13.91, 141.07) �0.165 0.869
PCISa 89.29 � 7.83 69.83 � 13.54 �4.086 <0.001
Length of perforation (cm) 1.00 (0.50, 4.75) 7.50 (2.63, 12.25) �1.410 0.159
Gender Male 5 1 0.726 0.394

Female 9 5
Number of perforation 1 10 4 0.045 0.831

>1 4 2
Gastrointestinal wall ischemia Yes 0 4 11.667 <0.001

No 14 2
Transmural necrosis of gastric wall Yes 1 4 7.937 <0.001

No 13 2
a PCIS Z pediatric critical illness score.
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perforation, which was in accordance with other case re-
ports.8,16,17 Helicobacter pylori infection is thought to be
highly associated with peptic ulcers, which might induce
gastric perforation. However, gastric ulcer-induced perfo-
ration is uncommon in pediatric patients. Hua et al.18 re-
ported a 20-year experience on 52 pediatric patients with
perforation induced by peptic ulcers, and only 11 cases
(21.2%) were induced by gastric ulcers. Secondly, patients
with gastric ulcers usually have periodic epigastric pain,
and some may have typical postprandial pain. When per-
forations occur, they are manifested as an acute attack of
the chronic course of the disease, but this was not observed
in patients included in this study. Thirdly, Hua et al.18 also
revealed that perforation induced by gastric ulcers was
mostly found in the pylorus area, which accounted for up to
63.6% (7/11). However, this study concludes that pediatric
gastric perforation is mostly found in the great curvature of
the gastric wall. Fourthly, one patient in the death group
had Helicobacter pylori examined, while the result showed
weakly positive. He had a gastric perforation at the great
curvature, with a length of 20 cm, which was different from
that caused by gastric ulcers. Fifthly, patients infected by
Helicobacter pylori should undertake regular medical
treatments post operation, else they would have symptoms
again. However, in the follow-up period of the survival
group, most patients had no symptoms. Even the patient
who had a second-time perforation had a satisfactory
feeding condition without abdominal pain after the second
operation. Thus, we excluded the possibility of Heli-
cobacter pylori infection and gastric ulcers in this study.
Other reported causes, such as trichobezoars,19,20 gastric
volvulus,21 corrosive ingestion,22e24 iatrogenic in-
juries,3,25,26 childhood dermatomyositis27 or child abuse,28

were not found in this study. The decrease in the venous
outflow, which is caused by increased intragastric pressure
above 30 cm H2O, could lead to ischemia and infarction of
the gastric wall, which most likely contributed to the
“spontaneous” gastric perforation.29

Gastric perforation in pediatric patients beyond the
neonatal period mostly occurred at the greater curva-
ture, which is the same as that observed in neonatal
cases,8 accounting for eight cases in this study. This may
be explained by the gastric receptive relaxation theory.
Because the great curvature is the most distensible area
of the gastric wall, it tends to be the most prone place
for ischemic necrosis, which results in desperate
perforation.

Several surgical procedures were chosen depending on
the primary disease and gastrointestinal condition in this
study. If the perforation was small with no gastrointestinal
ischemia or complications, then simple gastric repair was
adopted. However, in cases where the perforation was
large or accompanied by large areas of gastrointestinal
ischemia or necrosis, simple suture was difficult to perform
because of the edematous and fragmentary status of the
gastric wall, and delayed perforation would possibly occur,
thus more aggressive procedures should be required,20 and
in this study, gastric wall repair accompanied by gastro-
stomy were done in many cases. Other surgery procedures,
such as repair of the diaphragm or neoplasm resection,
were performed where appropriate. Unlike our study, Singh
et al.30 suggested a video-assisted thoracoscopy as a diag-
nostic and therapeutic method for gastric perforation
induced by a diaphragmatic hernia.

All these efforts contributed to a survival rate of 70%,
but 30% of patients who manifested with critical conditions
died. The death time varied from 7 h to 27 days after sur-
gery, and 66.7% of patients died within one week. High
mortality of the disease may be a result of the following
reasons. Firstly, the intense chemical stimulation of gastric
fluid in the peritoneum causes severe peritonitis. Secondly,
bacteria erupted from the alimentary tract, entering into
the sterile peritoneal cavity, causes abdominal infection.
Besides, gastric fluid is not easily limited to form a package,
resulting in diffuse abdominal infection. Thirdly, gastric
acid and pepsin not only produce strong stimulation to the
abdominal viscera but also have a corrosive effect,31,32 thus
accelerating the occurrence of organ failure.

To quantify the severity, PCIS was applied. It is a
comprehensive value generated by the emergency group of
Chinese medical association pediatric society and a pedi-
atric group of Chinese medical association emergency so-
ciety and has been proven to be an effective tool that can
best assess the severity of diseases.33,34 PCIS value of lower
than 70 indicates extreme severity, 70e90 demonstrates
severity, and higher than 90 stands for non-severity.35

Compared with the survival group, the death group had
lower PCIS value, more ischemia and transmural necrosis of
gastric wall cases. However, the length and number of
perforation showed no difference between the two groups.
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One patient in the survival group had two perforations at
the anterior and posterior wall, reaching up to 6 cm in
length, and had a shock onset. The patient’s PCIS was 92
with no ischemia and necrosis of gastric wall, respiratory
failure or MODS (multiple organ dysfunction syndrome).
Another patient in the death group had a 3 cm long
perforation at the great curvature, and a PCIS value of 72,
with respiratory failure, shock, MODS, and ischemia and
necrosis of gastric wall, which indicates that the severity
and prognosis had no correlation with length and number of
perforation. However, ischemia and transmural necrosis of
gastric wall aggravated the infection and led to lower PCIS.
Thus, low PCIS value may serve as a prediction for unfa-
vorable prognosis.

Severe as it had been, to our relief, we had bright sight.
Despite of the three patients with brain injuries and one
who has a second-time perforation, the rest 10 survival
patients are in good health and have a good quality of lives
after appropriate operations. It inspires us to maintain a
positive attitude towards such patients.

5. Conclusion

Gastric perforation in pediatric patients beyond neonatal
period may lead to fatal clinical outcomes, which causes a
mortality rate of as high as 30%. Spontaneous great curva-
ture of gastric wall perforation has the highest morbidity.
Low PCIS, caused by ischemia and transmural necrosis of
gastric wall predicts unfavorable prognosis. Most of the
survival patients will be in good health after receiving
appropriate operations, and only few of them will have
second-time perforation or sequela of brain injury after
shock.
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tion after corrosive ingestion. Pediatr Surg Int 2011;27:
649e53.

23. Gün F, Abbaso�glu L, Celik A. Acute gastric perforation after
acid ingestion. J Pediatr Gastroenterol Nutr 2002;35:360e2.

24. Koplewitz BZ, Daneman A, Fracr S, Ein SH, McGuigan MA,
Mian M. Gastric perforation attributable to liquid nitrogen
ingestion. Pediatrics 2000;105:121e3.

25. Hershman E, Vachyan A, Steinberg R, Weissman A. Gastric
perforation caused by oxygen insufflations through a

http://refhub.elsevier.com/S1875-9572(18)30460-1/sref1
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref1
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref1
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref1
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref2
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref2
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref2
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref2
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref3
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref3
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref3
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref3
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref4
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref4
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref4
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref4
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref5
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref6
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref6
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref6
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref6
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref7
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref7
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref7
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref7
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref8
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref8
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref8
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref8
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref8
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref9
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref9
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref9
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref9
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref10
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref10
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref10
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref10
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref11
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref11
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref11
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref11
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref11
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref12
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref12
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref12
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref13
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref13
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref13
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref13
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref14
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref14
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref14
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref14
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref14
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref15
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref15
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref15
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref15
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref16
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref16
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref16
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref16
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref16
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref17
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref17
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref17
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref17
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref18
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref18
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref18
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref18
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref19
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref19
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref19
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref19
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref20
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref20
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref20
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref20
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref21
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref21
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref21
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref22
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref22
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref22
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref22
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref23
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref23
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref23
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref23
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref24
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref24
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref24
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref24
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref25
http://refhub.elsevier.com/S1875-9572(18)30460-1/sref25


640 K. Wang et al
nasopharyngeal Nelaton catheter. Paediatr Anaesth 2014;24:
643e4.

26. Custer JR, Polley TZ Jr, Moler F. Gastric perforation following
cardiopulmonary resuscitation in a child: report of a case and
review of the literature. Pediatr Emerg Care 1987;3:24e7.

27. Schullinger JN, Jacobs JC, Berdon WE. Diagnosis and manage-
ment of gastrointestinal perforations in childhood dermato-
myositis with particular reference to perforations of the
duodenum. J Pediatr Surg 1985;20:521e4.

28. Schechner SA, Ehrlich FE. Case reports. Gastric perforation and
child abuse. J Trauma 1974;14:723e5.

29. Turan M, Sen M, Canbay E, Karadayi K, Yildiz E. Gastric necrosis
and perforation caused by acute gastric dilatation: report of a
case. Surg Today 2003;33:302e4.

30. Singh S, Wakhlu A, Pandey A, Kureel SN, Rawat JD. Delayed
presentation of strangulated congenital diaphragmatic hernia:
learning from our experience. Hernia 2013;17:403e7.

31. El-Asmar KM, Allam AM. Surgical management of corrosive-
induced gastric injury in children: 10 years’ experience. J
Pediatr Surg 2017;53:744e7.
32. Sulaiman TA, Abdulmajeed AA, Shahramian K, Hupa L,
Donovan TE, Vallittu P, et al. Impact of gastric acidic challenge
on surface topography and optical properties of monolithic
zirconia. Dent Mater 2015;31:1445e52.

33. Lu XL, Qiu J, Zhu YM, Chen P, Zuo C, Tang L, et al. Role of
Pediatric Critical Illness Score in evaluating severity and
prognosis of severe hand-foot-mouth disease. Zhongguo Dang
Dai Er Ke Za Zhi 2015;17:961e4 [Article in Chinese].

34. Ren XX, Song GW, Liao B. Pediatric critical illness score and sys-
temic inflammatory response in assessing the severity and prog-
nosis of pediatric patients. J Appl Clin Pediatr 2003;18:105e7.

35. Song GW. Enhance the application of pediatric critical illness
score. Zhonghua Er Ke Za Zhi 2003;41:561e2 [Article in
Chinese].

Appendix A. Supplementary data

Supplementary data to this article can be found online at
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