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ABSTRACT

Objective: To establish a scoring system for the diagnosis of acute appendicitis in children in order to decrease the rate of
negative and delayed appendectomies and delayed.
Methods: Record charts of pediatric patients admitted with suspected appendicitis at the Division of Pediatric Surgery,
Department of Surgery, Faculty of Medicine Siriraj Hospital during July 2000 - September 2001 were retrospectively reviewed.
Clinical predictors were listed out and weighed as coefficients, which were later formed into a score equation. The score was
then prospectively studied in the following year from October 2001-September 2002. The score was used to aid decision making
in the management of cases suspected of appendicitis. The out come was compared to the conventional management based on
histologically confirmed diagnosis.
Results: The retrospectively collected data listed out 14 significant variables. Using logistic regression, the parameters were
weighed as coefficients, which became scores to each parameter. The score was applied to a consecutive series in the following
year. By using the score, the patients were categorized into three groups: discharged, observed and operated.  The accuracy of
the score is 85.83% with a positive predictive value of 96.55% and negative predictive value of 75.81%.  From this study group,
the negative appendectomy rate is 4.17% and the perforation rate is 6.67%.  Compared to the previous year during which 133
children were treated under the conventional management, the negative appendectomy rate was 4.51% and the perforation rate
was 21.8%
Conclusion: The scoring system is an accurate diagnostic tool, which proves the importance of history taking, physical
examination in coordination with laboratory investigations and close observation. Altogether these parameters can reduce the rate
of misdiagnosis and delayed diagnosis of pediatric appendicitis.
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Acute appendicitis accounts for 1/3 of all pediat-
ric hospital admissions with abdominal pain;1,2
and it is the most common cause of surgical

emergency in childhood.3,4 The diagnosis of appendicitis is
based on clinical findings in correlation with laboratory
investigations. Currently, there is no appropriate diagnos-
tic tool that would make a certain preoperative diagnosis.
The rate of negative appendectomy ranges between
10-46%1-4 whereas the perforation rate is 18-30% increas-
ing the morbidity rate to 5-11%5 with prolonged hospital
stay and postoperative complications in up to 15% of
patients.2 Attempts to increase diagnostic accuracy have
included computer-aided, ultrasonic imaging and
laparoscopy. However, all these methods need special
equipments and a radiologist who is 24-hour available,
which do not appear cost effective.5-9 Intensive inpatient
observation can significantly reduce the negative appen-

dectomy rates,1-3,7,10 but there are no clear criteria as to
foretell exactly which patient needs immediate surgery,
or inpatient observation, or simply to be advised and
discharged for outpatient follow up.

Clinical scoring systems to aid diagnosis of acute
appendicitis have been described since 1986 as Alvarado
Score and have subsequently been validated in surgical
practices for adults.1,7 Moreover, there were modified
Alvarado,11-13 Ohmann,14 Eskelinen9 and Lindberg Scores3

being published later but not as well known as the
former.9,14,15 Some studies used computer-based or imag-
ing-aided to add to the scoring in order to increase its
sensitivity and specificity.8,9,15-17 These reports have in-
cluded small numbers of children, which have brought
about the interest to establish this study. Current reported
studies were mostly based on clinical diagnosis, which is
difficult to attain in young children and varies amongst
clinicians, depending on individual experiences and skills.18
Migratory right iliac fossa pain maybe overlooked by
a distressed child and rebound tenderness or rectal tender-
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Clinical predictors Score

   Onset : Insidious 5
           Acute 0
  Duration  > 12 hours 2
  Gastrointestinal symptoms  (nausea, vomiting or anorexia) 5
  Constipation -2
  History of previous visits 4
  Migration of pain 2
  Progression of pain 6
  Temperature > 37.5oC 3
  Leukocytosis: WBC < 12,000 0
                       12,000-15,000 1
                       > 15,000 2
  Polymorphonuclearcytosis  > 80% 3
  Urine white cells  > 10/hp 7
  Per-rectal exam: No impact feces 7
  Guarding 5
  Rebound tenderness 6

Cut points of the score combined : 1-18  Advise and follow-up 24-48 hours
19-34 Admit with active inpatient observation
35-57 Prepare for surgery

TABLE 1. The clinical predictors and their score.

ness can be difficult to interpret accurately.1,5,18 Some
physical examinations that are too painful to be carried
out in children may no longer be recommended including
the rebound tenderness. Recently, a study was coinci-
dently carried on in London with a 5-year study of 1,170
children prospectively. The study was able to reduce the
rate of negative appendectomy to lower than 5%.19

The purpose of this research is to create a scoring
system to aid the diagnosis of acute appendicitis in chil-
dren and to emphasize in history taking more than the
symptom of pain and tenderness. Despite a high statistic
significance of the physical signs, painful examinations
result in loss of trust and cooperation of the child. The
score is expected to provide as a useful, practical tool to
help reduce the rate of misdiagnosis of acute appendicitis
in children including negative explorations and delayed
treatment causing complicated appendicitis.

MATERIALS AND METHODS

Record charts of pediatric patients ages 2-15 years
old admitted with acute abdominal pain at the Division of
Pediatric Surgery, Department of Surgery, Faculty of
Medicine Siriraj Hospital from July 2000 to September
2001 were retrospectively reviewed. There were 133 cases
included and their data were collected, i.e. age, sex, onset,
and duration of illness, medical history of visits, previous
treatment, signs and symptoms such as location, migra-
tion, progression and character of pain, nausea, vomiting,
anorexia and fever. Associated constipation or diarrhea,
physical examination and laboratory investigations includ-
ing leucocytosis, neutrophilia and urinalysis were all as-
sembled. The final diagnosis was based on histology.
The clinical predictors were calculated, comparing the
diagnosis, using Mann-Whitney and Chi-Square tests, the
significant predictors with p < 0.05 were listed out. By
logistic regression the parameters were weighed as coeffi-
cients, which represented the relation of the clinical pre-
dictors to the diagnosis, i.e. whether or not it was acute
appendicitis. The coefficients were formed into a group of
scores and equations. The score used, was from the equa-
tion with the highest sensitivity and specificity proved by

the most area under ROC (Receiver
Operating Characteristic) curve. The
score was first evaluated by applying
to the retrospective group and the
accuracy was then calculated. A ques-
tionnaire was then created, according
to the significant parameters and
scores, and was again used to collect
the information to calculate each in-
dividual score. After being applied to
the study group in the retrospective
chart review, the score was then com-
pared to the final diagnosis again
and the cut points of the results were
calculated by using cross-tabs, the
patients were grouped into three
categories, namely:

Group 1: Patients who were to
be advised and appointed within 24-
48 hours

Group 2: Patients who needed
active inpatient observation

Group 3: Patients who needed
surgery

Thereafter, the score was prospectively applied to the
study group of the same age and department in the
following year from October 2001-September 2002. The
score was assessed separately with respect to the decision
of the attending physician. The outcome was compared to
the conventional management based on histologically
confirmed diagnosis.

RESULTS

The retrospective data collected listed out 19 clinical
predictors from a study group 133 cases (87 boys and 46
girls). By the Mann-Whitney test, 14 variables were
significant with p < 0.05. The parameters were onset,
duration, gastrointestinal symptoms, constipation, history
of previous visits, pyrexia, migration, progression of pain,
leukocytosis, neutrophilia, urine white cells, per-rectal
examination, abdominal guarding and rebound tenderness.
The score of each parameter and the cut points of the sum
were summarized in table 1.

After applying the score to the retrospective study
group, of the 133 cases listed out, there were 33 cases
with scores categorized into group 1 and 7 cases into
group 2, all were doing well after follow-up and none had
acute appendicitis making no false negative. Of the 93
cases that were categorized into group 3, all were oper-
ated, having six negative appendectomies and 29 ruptured
appendicitis.

During the prospective study period, 120 patients (63
boys and 57 girls) with a mean age of 8.4 years old
(range 2-14) were included. From the score calculated, 19
patients were categorized into group 1, who should be
advised and followed-up within 24-48 hours; 43 cases
into group 2, who should be admitted for close observa-
tion; and, 58 in group 3, who were to be prepared for
surgery. With respect to the attending physicianûs decision,
12 patients were discharged home and were doing well
after two days with no abdominal pain, 52 were observed
in which 15 were later operated with no delay in the
diagnosis; and 56 underwent surgery right away. Of the
seven patients assumed to be sent home but were admit-
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19 cases in group 1 (by score)

12 discharged home

5 later discharged 2 later operated

1 normal appendix

1 acute appendicitis with fecalith

7 admitted for observation

Fig 1. Patients in group 1 (discharge home).

43 (by score) + 7 (from gr. 1) + 2 (from gr.3)

15 + 2 (from gr.l) + 1 (from gr.3) later operated 28 + 5 (from gr.1) later discharged

1 (from gr.3) had UTI

Fig 2. Patients in group 2 (observation).

Fig 3. Patients in group 3 (surgery).

58 cases (by score)

1 later operated

56 cases operated 2 cases observed

1 had UTI

ted according to the physiciansû decisions, five were later
discharged and doing well; whilst two were subsequently
operated due to unremitting abdominal pain (Fig 1-3). Of
the two cases referred to, one had normal appendix while
the other acute appendicitis with fecalith.

There were two cases in the operable group from the
score who were closely observed and one was conse-
quently operated while the other had severe urinary tract
infection. However, the patient was treated after appendi-
citis, and was later excluded and the symptoms subsided.

Overall, there were 71 operated cases with five cases
having lymphoid hyperplasia assumed to be normal ap-
pendices and 8-ruptured appendices. In the observed group,
none had ruptured appendicitis, which means that there
was no delayed diagnosis in this group. Of the five nega-
tive appendectomies, one had a score of 35 with insidious
constant abdominal pain, one had a score of 15 with
unremitting pain migrated to the right iliac fossa; the
other three cases were in the observed group with pro-
gressive pain. Two of the mentioned negative appendecto-
mies specimens were impacted with fecal material and
fecalith, which may be the cause of progressive unremit-
ting pain making a future operation necessary.

According to the previous year of 133 children (87
boys and 46 girls), 93 of them underwent surgery and 40
were observed and discharged.  From the scores calcu-
lated, the outcome was analyzed to have had an accuracy
of 94.73%, sensitivity of 100% and specificity of 82.5%;
the patients were in the study group. With conventional
management, the negative appendectomy rate was 4.51%
and ruptured appendicitis 21.8%.

After applying the score to the prospective study
group, the accuracy of the score is 85.83% with 95%
confident interval between 78.44% - 90.96%, sensitivity
of 97.18%, specificity of 95.92%, positive predictive value
of 96.55% and negative predictive value of 75.81%. The
negative appendectomy rate is 4.17% with 95% confident
interval between 3.05%-15.45% (Wilson Method) and the
perforation rate is 6.67%.

DISCUSSION

Clinical scoring system is proved to be useful to aid
decision-making in approaching children suspected of
appendicitis.20 During the retrospective period, most
collectable data from reviewed charts were mainly
focused on physical examination. But the problem in
diagnosing pediatric cases is that sometimes it is difficult
to perform a thorough physical examination under many

certain circumstances.  Moreover, some physical signs are
not as obvious as in adults or maybe misled by many
other signs. That is why we conducted this study to find
some other ways to support the data to reach the final
diagnosis.  The physical examinations that were proved to
be a significant parameter in this study including per-
rectal examination, abdominal guarding and rebound ten-
derness, may sometimes be difficult to attain and diversify
relying on the childûs cooperation and the physicianûs
experience. In young children pain results in loss of
confidence, trust and cooperation of the child.  However,
they were included owing to a significant relation to the
diagnosis. Therefore, these parameters had to be coordi-
nated with history taking and laboratory investigation.21-24
Both the misdiagnosis and the delayed ones are related to
errors in clinical assessment which the physicians had put
too strong emphasis on pain and tenderness, and too little
attention to the duration of the symptoms and objective
signs of the inflammation. The score pointed out that
history taking should be emphasized in pediatric patients
more than pain in physical examination.

Constipation is often a cause of non-specific abdomi-
nal pain in children. Owing to the fact that it is unlikely
to coincide with appendicitis, constipation was weighed
minus 2. Children with constipation often fell into the
observation group, and their symptoms usually do not
progress but subsided after rectal enema or saline irriga-
tion.

Per- rectal examination having no fecal impaction
was a highly specific indicator more than rectal tender-
ness, weighing as much as 7. The sign was seldom paid
attention to by the physcian. We were taught to perform
the per-rectal examination always in every case suspected
of appendicitis. But we mainly focused on rectal tender-
ness on the right side and the bulging cul-de-sac. Fortu-
nately, we were able to collect the data from the reviewed
charts, noting the empty rectum or otherwise fecal impac-
tion to correlate with the diagnosis to find the outstanding
correlation.

Other than history of constipation, we also collected
information concerning history of previous visits which
were later proved to have a highly correspondence to the
diagnosis with a score of 4. Because the difficulty in
diagnosis of acute appendicitis in children making the
parents çshop aroundé seeking the right therapy for their
child. Whereas some medications such as antibiotics or
antispasmodics may relieve the signs and symptoms but
worsen the disease process causing a more complicated
appendicitis. With a history of previous visits the score
would be raised to a closer number for observation or
maybe surgery.

According to this study, there was one child whose
score fell into the third group.  He was not operated right
away because his abdominal signs were weak and his
symptoms did not progress. Afterwards, he was proved to
have urinary tract infection. Since the presence of urine
white cells were positively high in severe cases of appen-
dicitis making the parameter highly sensitive, patients with
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urinary tract infection tend to have high scores. The labo-
ratory results should be considered along with other
parameters. Urinary analysis was not statistically signifi-
cant in some studies, however, the test should be per-
formed routinely. Thus urine exam with abnormally high
white cells may have a false positive result from the score
resulting in less specificity therefore a further study with
a larger group of population should be carried on.

There were two cases that fell into the first group to
be discharged home but were subsequently operated due
to progressive unremitting pain. And one case turned out
to have a normal appendix. This is one false negative
case, which the child had an abnormally long insidious
onset more like a chronic abdominal pain. His pain was
localized with no guarding and no associated fever along
with an almost normal lab results so his score fell into
group 1 but we decided to observe his symptoms making
a future appendectomy necessary due to unremitting pain.
His histology report revealed a fecalith which is suspec-
ted to be the cause of his chronic unremitting pain. In
suspected cases, we still prefer close observation to send-
ing the child home and having a complication later. More-
over, of the five negative appendectomies two had impact
fecal material and fecalith which in the literature there is
no proof of whatsoever whether such cases need a future
operation or not but the unremitting pain consequently
disappeared.

No test is ideal with 100% certainty to exact the
diagnosis of appendicitis. As long as constipation, fecal
impaction and other non-specific abdominal pain can present
indistinguishable symptoms and signs to acute appendici-
tis, recurrent clinical evaluation is of utmost importance.

CONCLUSION

A thorough physical examination is difficult to
access in pediatric patients. Both misdiagnosis and
delayed diagnosis are related to errors in the clinical
assessment with which the physician paid too strong
emphasis on tenderness and too little attention to history
taking. The scoring system is a useful diagnostic tool
proved to be accurate and signifies the importance of
history taking, physical examination in coordination with
laboratory investigations and close observation. Altogether
these clinical predictors can reduce the rate of misdiagno-
sis and delayed diagnosis of appendicitis in children.
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