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Summary
Introduction. Acute appendicitis (AA) – acute inflammation and infection of the appendix – is one of the most common cause
for abdominal surgery in pediatrics. Appendectomy has been the gold standard since 1735, but in recent years there have been
several studies that investigate antibacterial therapy for uncomplicated acute appendicitis. In 2016 new recommendations for
suspected AA were implemented in emergency department setting of Children’s Clinical University Hospital (CCUH).
Aim of the Study. To evaluate whether diagnostic criteria for patients with a suspected acute appendicitis is effective as a diagnostic
tool and to evaluate whether dual antibacterial therapy is safe and effective as first line treatment for children with diagnosis of
uncomplicated acute appendicitis in CCUH.
Material and methods. A retrospective study was made in CCUH from January 2017 to December 2017. Patients aged 7 to 18
with suspected uncomplicated acute appendicitis were identified and data were collected from an internal hospital management
system and patients’ medical records. Patients were divided into two groups – A and B. In group A were patients who met the
criteria of uncomplicated AA, and in group B – patients who met the criteria of complicated AA. Both groups received ampicillin
and metronidazole. For statistical analysis IBM SPSS Statistics 22 program was used.
Results. From 98 patients majority were boys (51% (n=50)) with mean age 12.6 years. As a result of antibacterial therapy clinical
condition improved in 93% (n=89) of patients who were discharged without surgery. 7 patients did not improve and underwent
surgery within 48 hours after admission, another 2 had elective appendectomy. There was a significant positive moderate
correlation between C–reactive protein (CRP), white blood cell count (WBC), basophil granulocytes (BASO) and appendix diameter
at admisson and after 48 hours of dual antibacterial therapy (r=0.31, p=0.003 vs. r=0.37, p<0.001 vs. r=0.41, p=0.017 vs. r=0.51,
p=0.013). In group A (68% (n=67)) there was a significant positive moderate correlation between CRP, WBC and appendix
diameter at admission and after 48 hours of dual antibacterial therapy (r=0.31, p=0.003 vs. r=0.37, p<0.001 vs. r=0.51, p=0.013).
In group B (30% (n=31)) 7 patients underwent appendectomy and 2 patients received a broad spectrum antibacterial therapy prior
to elective appendectomy. There is evidence of significant association between ALVARADO score (p=0.004), rebound tenderness
(p<0.001), WBC (p=0.004), CRP (p<0.001) and stage in which appendicitis has progressed to.
Conclusions. Antibiotic‐alone treatment may be a safe and effective initial management choice in children with uncomplicated
acute appendicitis. However, to fully evaluate effectiveness of antibacterial therapy and diagnostic criteria, further follow–up
research is needed.
A normal C–reactive protein value does not rule out uncomplicated acute appendicitis, therefore it can not act as a single marker
to diagnose AA or to differentiate between complicated and uncomplicated AA.
Recommendations of treatment of UCAA are acceptable for use in emergency department as they act as a unified tool that allows
pediatricians and pediatric surgeons to quickly assess suspected acute appendicitis.
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INTRODUCTION
Acute appendicitis (AA) is acute inflammation and
infection of the appendix. AA is one of the most
frequent causes of abdominal pain and is the most
common reason for abdominal surgery in children (14,
16). AA can be classified as uncomplicated (or simple)
and complicated acute appendicitis by clinical severity

at presentation. If appendectomy takes place, AA can
then be divided further by pathological morphology –
catarrhal, phlegmonous, gangrenous and perforated
appendicitis with or without abscess. Catarrhal and
phlegmonous appendicitis falls under uncomplicated
AA, but gangrenous and perforated appendicitis with
or without abscess are classified as complicated AA (2,
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In group B were patients who met the criteria of
complicated acute appendicitis (ALVARADO score ≥ 7,
positive rebound tenderness, CRP > 8.4 mg/L, WBC >
10.7x109/l, appendix diameter in US > 7 mm).
Data were processed by using Microsoft Office Excel
2016 and IBM SPSS Statistics 22 programs (Shapiro–
Wilk’s Test, Fisher’s Exact test, Pearson Chi – Square
test, Spearman’s Correlations Test, p<0.05).

6). Appendicitis progresses through these stages and
therefore delay in diagnosis and proper treatment of
uncomplicated acute appendicitis (UCAA) can lead to
perforation and emergent appendectomy.
Appendectomy has remained the treatment of choice
for appendicitis for over a century (15, 11), but in
recent years non–surgical management has proven to
be a well established method (5, 13 ).
In 2017 there were 204 cases of AA, according to
internal management system of Children’s Clinical
University Hospital (CCUH) and 98 of those were
uncomplicated AA.
In recent years, opinions regarding the treatment of
AA in CCUH has changed and new recommendations
(see Figure 1) of suspected AA have been developed
in emergency department setting (18). These
recommendations are specifically designed for children
aged 7 to 18 years old and they include ALVARADO
score and values of Interleukin–6 (Il–6) and C–reactive
protein (CRP). ALVARADO score was first developed
in 1986 as a scoring system that determines probability
of a patient having acute appendicitis (4). The score
has 6 clinical items – rebound tenderness, migration
of pain, anorexia, nausea and/or vomiting, right lower
quadrant tenderness, fever >37.3 C and 2 laboratory
measurements – leukocytosis (>10x109 L) and
neutrophilic shift to the left (>75%) with a total of 10
points (1). ALVARADO score, Il–6 and CRP are main
and abdominal ultrasound (US) is additional criteria
that enables division of patients with suspected AA
into 2 groups – uncomplicated and complicated AA. It
allows to determine further management.

RESULTS
A total of 98 patients were included (boys 51%
(n=50)). Mean age was 12.6 years (SD=2.9). 93%
of patients (n=89) improved (patient demonstrates
resolution of fever and pain, tolerance of general
diet, occurance of spontaneous bowel movement
and inflammatory marker values return to normal)
with antibiotic treatment and were discharged within
3–10 days, without surgery (treatment success rate –
89%). 7 patients had no clinical improvement and
had surgery within 48 hours after admission, another
2 underwent elective appendectomy after they were
discharged: one after 3 weeks and the other after 9
weeks, respectively. No patient had allergic reactions to
antibacterial treatment.
There was significant positive moderate correlation
between CRP, WBC, basophil granulocytes (BASO) and
appendix diameter at admisson and after 48 hours of
dual antibacterial therapy (r=0.31, p=0.003 vs. r=0.37,
p<0.001 vs. r=0.41, p=0.017 vs. r=0.51, p=0.013) (see
Figures 2 – 5). There was not a significant correlation
between neutrophils (NEUT) before and after
antibacterial treatment (r=–0.004, p=0.979). There was
a significant positive moderate correlation between
duration of symptoms and CRP at admission (r=0.380,
p<0.001).
In group A, there were 68% (n=67) patients who met
the criteria of UCAA; a significant positive moderate
correlation was observed between CRP, WBC and
appendix diameter at admission and after 48 hours
of dual antibacterial therapy (r=0.31, p=0.003 vs.
r=0.37, p<0.001 vs. r=0.51, p=0.013). In group B (30%
(n=31)). 7 patients underwent appendectomy and 2
patients received broad spectrum antibacterial therapy
prior to elective appendectomy.
There is evidence of significant association between
ALVARADO score (p=0,004), rebound tenderness
(p<0.001), WBC (p=0.004), CRP (p<0.001) and type
of diagnosis.

AIM OF THE STUDY
To evaluate whether diagnostic criteria for patients
with a suspected acute appendicitis is effective as
a diagnostic tool and to evaluate whether dual
antibacterial therapy is safe and effective as the first line
treatment for children with diagnosis of uncomplicated
acute appendicitis in CCUH.
MATERIAL AND METHODS
A retrospective study was made in CCUH from January
2017 to December 2017. Patients were identified by
ICD–10 code K35 and data were collected from an
internal hospital management system and patients’
medical records.
This study is intended to evaluate symptoms and signs,
laboratory and US findings among patients aged 7 –
18 years old admitted to Children’s Clinical University
Hospital emergency department with a diagnosis
of uncomplicated acute appendicitis. All patients
underwent dual antibacterial treatment with ampicillin
and metronidazole.
Patients were divided into two groups – A and B.
In group A were patients who met the criteria of
uncomplicated acute appendicitis (ALVARADO score ≥
7, negative rebound tenderness, CRP ≤ 8.4 mg/L,
white blood cell count (WBC) ≤ 10.7x109/l, appendix
diameter in US > 7 mm).

DISCUSSION
Appendectomy has been standard treatment in AA
since 1735 (11). However in recent years, conservative
therapy of acute appendicitis with antibiotics has
become more popular. The reason why paradigm shift
occurs is because conservative treatment compared to
surgical treatment allows to avoid from both surgical
and general anesthesia as well as related complications
of either. One more important aspect of non–operative
management is low recurrence rate – previously done
studies indicate 14% recurrence (5) and a report done
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CONCLUSIONS
In the case of acute uncomplicated appendicitis, the
option of antibiotic‐only treatment may be a safe
and effective initial management choice for children
as their laboratory, ultrasound findings, and overall
clinical status improve. However, to fully evaluate the
effectiveness of antibacterial therapy and diagnostic
criteria further follow–up research is needed.
Normal C–reactive protein values do not rule out
uncomplicated acute appendicitis. Therefore it can not
act as a single marker to diagnose AA or to differentiate
between complicated and uncomplicated AA. It would
be valuable to continue to search for more specific,
sensitive and cost–effective markers.
Recommendations of treatment of UCAA are
acceptable for use in emergency department as they act
as a unified tool that allows pediatricians and pediatric
surgeons to quickly assess suspected acute appendicitis.
Also, validation of the use of these recommendations
after further prospective studies could be considered for
a wide range of physicians such as general practitioners
and colleagues in Regional Hospitals.

three years earlier in CCUH shows 15% recurrence rate
(12). Also, there is a notion that the appendix may act
as a reservoir for normal gut flora, enabling the large
bowel microbiome to recover more rapidly after severe
gastroenteritis (10).
CCUH is the only hospital in Latvia where children
with UCAA are cured by pediatric surgeons following
the aforementioned recommendations. The reasons
for it are growing antibiotic resistance (8) and in case
of failure of antibacterial treatment patient has direct
access to advanced medical approach.
In CCUH standard antibacterial regimen is empiric and
includes ampicillin and metronidazole, but in several
studies done previously pediatric surgeons use broad–
spectrum antibiotics, such as piperacillin–tazobactam
(9, 7) or meropenem and metronidazole (15). Cameron
et al. completed a study where effectiveness of broad
versus narrow–spectrum antibiotics were compared
and it was concluded that narrow–spectrum antibiotics
were just as effective as broad–spectrum antibiotics
(3). According to the results of this present study it can
be concluded that narrow–spectrum antibiotics have
89% treatment success rate. It could be attributed to
the fact that these results are obtained during inpatient
therapy, therefore further research with follow–up is
necessary.
There are certain possible aspects that could affect the
results. The lack of standardized protocol for description
of US findings was one of the main limitations. It is
also critical to note that US is operator dependent
investigation. Furthermore, detection of serum Il–6 is
a paid service thereby there were insufficient data in
medical records about Il–6 and it was not analyzed in
this study.
Despite the fact that WBC and CRP are nonspecific
inflammatory markers with variable sensitivity
and specificity (17), they can be used as indicators
to control dynamics of therapy and to determine
clinical improvement. Nevertheless, it is important to
remember that AA is occasionally present despite a
normal WBC and CRP (14).
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Fig. 1. Algorithm for patients with suspected acute appendicitis in Children’s Clinical University
Hospital

Fig. 2. Tendency of serum CRP values before
and after antibacterial treatment (p=0.003,
Spearman’s Correlations Test)

Fig. 3. Tendency of serum WBC values before
and after antibacterial treatment (p<0.001,
Spearman’s Correlations Test)
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Fig. 4. Tendency of diameter of appendix in US
before and after antibacterial treatment (p=0.013,
Spearman’s Correlations Test)
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