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ARTICLE INFO ABSTRACT

Introduction: The use of ultrasonography (USG) is no longer restricted to
the radiology department. It is becoming the equivalent of a stethoscope. Point-
-of-care ultrasound (POCUS) is an USG examination method designed to answer
specific clinical questions.
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Aim: To encourage doctors to use POCUS in their everyday practice based on a

Keywords presentation of its use in diagnostics of acute appendicitis in the paediatric patient.
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Material and methods: A retrospective evaluation was performed of 95 ca-
ses of abdominal pain referred by a paediatrician for surgical assessment at emer-
gency department between November 2021 and October 2022. The assessment
included a clinical examination supplemented with POCUS.

Based on the assessment made by the emergency department doctor, the patients
were divided into two groups — those who did not require hospitalisation in the
paediatric surgery department (group 1) and those who did (group 2). Each group
was subsequently divided into subgroup A, where no abdominal cavity USG was
performed by a radiologist and subgroup B, where the patients were examined by
a radiologist.
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ediatric patient helps to reduce the time needed for the correct diagnosis and, in
consequence, for the patient's treatment. Due to its availability, USG should be
widely used to supplement clinical examination by each physician.
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1. INTRODUCTION

The use of ultrasonography (USG) used to be limited to the
radiology department. The current wide availability of ultra-
sonography equipment in nearly every hospital ward or out-
patient clinic creates not only an opportunity, but even an
obligation, for a physician to use it in everyday practice. The
USG apparatus has become the stethoscope of the 21st cen-
tury. Not using the USG technique seems to be tantamount to
deliberately giving up the best diagnostic option available to
the patient: cheap, safe, easily available — here and now. Point-
of-care ultrasound (POCUS) is a method of USG examination
which is supposed to answer specific clinical questions. The
idea behind this examination is that it can be performed by
a physician who is not a specialist in imaging diagnostics.!
It becomes a coherent part of the interview with the patient
and physical examination. Being complementary to clinical
examination, POCUS helps to improve clinical effectiveness
at a level comparable to an examination conducted by a ra-
diologist.? It does not replace a radiographic examination, as
it is not the clinician’s task to perform a full examination of
a specific anatomical area.’ It becomes necessary to supple-
ment the diagnostics with a radiological examination in case
of uncertainty, also in the use of such diagnostic methods as
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) scans.? POCUS should be of particular use when a
radiologist is not available — when only emergency personnel
is present or in outpatient practice.

An USG examination is not objective. Its result depends
on the operator’s experience and qualifications. Lack of ex-
perience often creates a barrier discouraging one from us-
ing this diagnostic tool. A study conducted by Blehar et
al. showed that the operator’s experience increased with
the number of procedures performed. The POCUS learn-
ing curve soon reaches its peak.* Training in POCUS and
the possibility of adding USG to the clinical assessment
tools gives a doctor better decision-making capabilities and
makes the diagnostic and treatment process more efficient.’
Current online training opportunities also facilitate access
to this knowledge.®

Abdominal pain remains one of the most frequent caus-
es of surgery consultations in the emergency department
(ED).? Approximately 7% of patients with acute abdominal
pain are those with acute appendicitis.” Differential diag-
nostics of abdominal pain at ED can be a challenge. The
use of uUSG helps to dispel many doubts. The sensitivity
of a sonographic examination in diagnosing appendicitis
lies within the range of 80%—95%, and its specificity is 90%—
100%.8 Not performing an USG examination may prolong
the time needed for making the correct diagnosis, thereby
increasing the risk of complications.? POCUS in appendici-
tis diagnostics improves its detection capability, especially
with specific clinical symptoms. According to the literature
review performed by Benabbas et al., the sensitivity of PO-
CUS performed by an emergency medicine doctor in detect-
ing appendicitis was 86%, and its specificity was 91%, which
makes POCUS a good predictor for acute appendicitis. In

contrast, negative POCUS considerably reduces the prob-
ability of this condition.? Adding POCUS to the physical
examination and laboratory test results in an increase in
acute appendicitis detectability from 42.8% to 87.0% with a
positive POCUS, and a decrease in the condition probabil-
ity from 42.8% to 11.0% with a negative POCUS.2

The aim of USG is to try to find other sources of pain
than acute appendicitis, which helps to properly manage the
diagnostics and treatment process. This is essential from the
surgeon’s perspective as it helps to determine the surgery
duration, its urgency and the method of operative access.

2. AIM

The aim of this study is to encourage doctors to use POCUS
in their everyday practice based on a presentation of its use in
the diagnostics of acute appendicitis in a paediatric patient.

3. MATERIAL AND METHOD

A retrospective evaluation was performed of 95 cases of non-
traumatic abdominal pain referred by a paediatrician for
surgical assessment at the ED between November 2021 and
October 2022. The assessment included a clinical examina-
tion supplemented with POCUS. All the patients were ex-
amined by the same physician.

The examinations were performed at the ED. The ex-
aminations were performed mainly with a Philips HD11XE
apparatus with Convex 4-9 MHz, Microconvex 5-8 MHz
heads and a linear 3-12 MHz head, and with a Samsung
HS40 with the 3-16MHz linear head and Convex 2-8MHz
and Microconvex 4-9 MHz.

In order to systematise the cases based on the assessment
made by the ED doctor, the patients were divided into two
groups — those who did not require hospitalisation in the
paediatric surgery department (group 1) and those who did
(group 2). Each group was subsequently divided into sub-
group A, where no abdominal cavity USG was performed
by a radiologist and subgroup B, where the patients were
examined by a radiologist. The algorithm of classification
into groups is shown in Figure 1.

Subgroup A — USG not performed
‘ by a radiologist

Subgroup B - USG performed by a
radiologist

Group 1 Group 2

N=65 N=30
Patients who did not require Patients who required hospitalisation
depariment
la 1b 2a 2b
N=44 N=21 N=11 N=19

Figure 1. Algorithm for the division of the study group.
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The patients in each group were assessed for specific
clinical symptoms:

— peritoneal symptoms,

— abdominal guarding,

— soft abdomen in a clinical examination.

The POCUS examination included examining abdomi-
nal cavity organs with a convex or micro-convex head, de-
pending on the child’s age and body weight, according to
the following pattern:

— assessment of fluid presence in the abdominal cavity ac-
cording to the e-FAST (extended focused assessment
with sonography for trauma) algorithm,

— epigastrium assessment — including the pancreas and the
liver with its cavity,

— assessment of the right flank — liver, gallbladder and the
right kidney,

— assessment of the left flank — spleen, tail of the pancreas
and the left kidney,

— assessment of hypogastrium and pelvis minor through
the suprapubic area — bladder, rectum, uterus with ap-
pendages and prostatic gland.

Subsequently, an examination with the linear head was per-
formed. The examination was performed of the whole abdomi-
nal cavity and the retroperitoneal area. Particular attention was
devoted to an assessment of the right fossa iliaca in search of the
appendix. If required by the patient, each examination was sup-
plemented with a specific inspection of the specific area/organ.

A total of 95 patients were enrolled — 52 girls and 43
boys, aged between 1 month and 17 years, with a median
age of 13 years (Figure 2).

The follow-up period ranged from 2 weeks to 12 months.

4. RESULTS AND DISCUSSION

Group 1 included 65 patients. Subgroup 1A — those not
admitted to the surgery department and not examined by
a radiologist — included 44 patients. A soft abdomen in a
clinical examination was found in all of these patients. PO-

Number of observations

0 2 4 [ 8 0 12 14 6 18 20
age (years)

Figure 2. Age profile of patients in the study group.

CUS usually revealed retroperitoneal lymph node enlarge-
ment and semi-liquid chyme in the intestines, which could
be indicative of diarrhoea. The USG examination revealed
no anomalies in the majority of the patients. None of the
patients required hospitalisation in the paediatric surgery
ward during the follow-up.

Subgroup 1B - those not admitted to the surgery depart-
ment but examined by a radiologist — included 21 patients. A
soft abdomen in a clinical examination was found in all those
patients. POCUS usually revealed the presence of enlarged
retroperitoneal lymph nodes, no anomalies, and thicken-
ing of the bowel loop. These symptoms were also usually
revealed in a radiological USG examination. There is no sta-
tistically significant difference in the detection of individual
symptoms between POCUS and a radiographic examination
(Table 1). None of the patients required hospitalisation in
the paediatric surgery ward during the follow-up.

Group 2 included 30 patients. Subgroup 2A — those ad-
mitted to the surgery department and not examined by a
radiologist — included 11 patients. POCUS revealed an in-
flamed appendix in eight of them, and signs of paralytic in-
testinal obstruction, which is an indirect symptom of acute
appendicitis, was observed in one of them. Coprolite in the
appendix was revealed in two patients. A focal lesion of an
ovary was found in one patient. All of the patients under-
went surgery, ten because of acute appendicitis, and one pa-
tient underwent laparoscopic reduction of the ovarian tor-
sion after the diagnosis was confirmed with MRI. Among
the patients who underwent appendectomy, 90% had signs
of abdominal guarding, and 70% had peritoneal symptoms.
The patient with ovarian torsion had a soft abdomen.

Table 1. Incidence of ultrasonographic symptoms in POCUS
and in radiological USG in group 1B, which included pa-
tients not admitted to the surgery department and examined
by a radiologist. Evaluation of the statistical significance of
the difference in finding them between those two examina-
tions.

POCUS Radiological Bilateral

Symptoms (%) LJ(%/S Fish;r test
No lesions 7(33) 4(19) 0.48
Focal lesion in an ovary 1(5) 1(5) 1.0
Abdominal tumour 1(5) 1(5) 1.0
Rectal dilation — constipation 1(5) 0(0) 1.0
Signs of dehydration (IVC assessment) 1(5) 0(0) 1.0
?}i);vril(oc;)ig:ri}ilgzg)wnh semi-liquid 2(10) 0(0) 0.49
Thickened bowel loop 4(19) 3(14) 0.70
Focal lesion in a kidney 0(0) 1(5) 1.0
Exposed appendix 1(5) 1(5) 1.0
Liquid in abdominal cavity 2(10) 0(0) 0.49
Dilation of the pelvicalyceal system 2(10) 2(10) 1.0
Nephrolithiasis 1(5) 1(5) 1.0
Cholelithiasis 1(5) 1(5) 1.0
Hepatomegaly 0(0) 2(10) 0.49
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Table 2. Incidence of ultrasonographic symptoms in POCUS
and in radiological USG in group 2B, which included pa-
tients admitted to the surgery department and examined by
a radiologist. Evaluation of the statistical significance of the
difference in finding them between those two examinations.

POCUS Radiological Bilateral

Symptoms n(%) LJ(E/S Fish;e)r test
No lesions 5(26) 2(11) 0.40
Focal lesion in an ovary 2(11) 3(16) 1.0
Eﬁygil?‘ﬁgirggzg)wnh semi-liquid 211) 0(0) 0.49
Thickened bowel loop 0(0) 1(5) 1.0
Focal lesion in a kidney 1(5) 2(11) 1.0
Exposed appendix 5(26) 4(21) 1.0
Appendix exposed over 6 mm 5(26) 4(21) 1.0
Liquid in abdominal cavity 7(37) 3(16) 0.27
Coprolite 1(5) 0(0) 1.0
Lymph nodes 3(16) 7(37) 0.27
glillation of the pelvicalyceal sys- 211) 0(0) 0.49
Nephrolithiasis 1(5) 1(5) 1.0
Cholelithiasis 2(11) 2(11) 1.0
Pyloric stenosis 1(5) 1(5) 1.0
Splenomegaly 0(0) 1(5) 1.0
Overflowing peristalsis 1(5) 0(0) 1.0

Subgroup 2B - those admitted to the surgery depart-
ment and examined by a radiologist — included 19 patients.
The most frequent symptoms in POCUS included: fluid
in the abdominal cavity, appendix over 6 mm in diameter,
no changes in the USG examination, enlarged retroperi-
toneal lymph nodes, and a focal lesion in an ovary. These
symptoms were also observed in the radiological USG ex-
amination. There is no statistically significant difference
in the detection of individual symptoms in USG between
the examination performed by a surgeon and by a radiolo-
gist (Table 2). In this subgroup, 9 (47%) patients underwent
surgery, including 5 (26%) who underwent appendecto-
mies. Apart from an appendectomy, procedures performed
included laparoscopic cholecystectomy (in 2 patients), py-
loromyotomy, and reduction of ovarian torsion.

To summarise the procedures performed in these
groups — patients with negative POCUS but with clinical
symptoms of acute appendicitis, or with positive POCUS
but with no symptoms, were admitted to the surgery de-
partment or had radiological USG performed to supple-
ment the diagnostics. Bachur et al.® made an attempt to
integrate the clinical, radiographic and laboratory picture
of patients with suspected acute appendicitis. The findings
of their study suggest that patients with a high paediatric
appendicitis score (PAS) but with a negative result in the
POCUS examination and with low PAS, but positive PO-
CUS, require further diagnostics. Additionally, according
to literature reports, repeatable results of USG examina-

tions give a better outcome in appendicitis diagnostics due
to a possible change of the ultrasound picture with the du-
ration of abdominal pain.!

There was no statistically significant difference between
the presence of individual USG symptoms in POCUS and
in a radiological examination. The valuable knowledge pro-
vided by the clinical trial allows for the correct interpretation
of the POCUS picture, which gives an effect of comparable
effectiveness of visualisation of specific USG symptoms as in
a radiographic examination.?

The sensitivity of POCUS in detecting acute appendici-
tis in these results is 87%, based only on the symptom ‘re-
vealing an appendix with the diameter over 6 mm.” When
indirect symptoms are taken into account, it is 93%. Accord-
ing to literature reports, the sensitivity of a USG examina-
tion in detecting appendicitis is 80%—95%, and its specificity
is 90%-100%.? It is also important that all the patients who
required surgery were admitted to the surgery department,
which prevented a patient with appendicitis from being dis-
charged from the hospital.

There is an interesting case among these patients — a
17-year-old boy in group 2A, whose POCUS results — apart
from signs of acute appendicitis — allowed for suspecting a
focal lesion in the right kidney. The USG examination per-
formed by a radiologist confirmed the suspicion. The pa-
tient underwent laparoscopic appendectomy, and an MRI
examination was performed for kidney diagnostics during
the post-operative hospitalisation. The MRI scan excluded
a focal lesion of the left kidney. An USG examination allows
for diagnosing not only the patient’s current acute problem
but also other chronic conditions, which affect the surgeon’s
decisions during an operation, methods used to perform it
or performing additional diagnostics before it.” POCUS is
only a supplementary, additional examination. Alone it is
not decisive. However, it allows for managing the diagnos-
tics and treatment process properly, with all the patient’s
needs taken into account.

5. CONCLUSIONS

(1) The application of USG in abdominal pain diagnostics
in a paediatric patient helps to reduce the time needed
for the correct diagnosis and, in consequence, for the pa-
tient’s treatment.

(2) Due to its availability, USG should be widely used to
supplement a clinical examination by each physician.
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