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Introduction: By processing the data of a large number of patients with abdominal pain, diagnostic scores whose
implementation attempts to facilitate acute appendicitis diagnostics were developed. Modified Alvarado score, Ohmann score and
Eskelinen score are used as assistance when setting the diagnosis and making a decision to undertake surgery.

Aim: To assess accuracy of Alvarado score, Ohmann score and Eskelinen score in diagnosing acute appendicitis and to establish
connection of total score of these scoring systems with histopathological degree of appendicitis.

Subjects and methods: A cross-sectional study was conducted at the Department of Surgery of University Clinical Hospital
Mostar. The study included 70 patients who underwent appendectomy and were scored before surgery. All tested persons were
examined by experienced surgeon who took anamnesis, physical status and ordered laboratory diagnostic tests. Appendicitis was
excluded or confirmed by means of histopathological diagnostics, and the degree of appendicitis was determined.

Results: According to accuracy parameters (sensitivity, specificity, negative and positive predictive value), the score which was
of highest value was Ohmann score, followed by Eskelinen score, while the lowest value was the one of modified Alvarado score.
Total score in all three scoring systems follows the degree of appendicitis, but statistical significance was proven only for Ohmann

and Eskelinen scores.

Conclusion: Ohmann and Eskelinen scores can be useful in diagnosing acute appendicitis, predicting the degree of appendicitis,
as well as assistance when making decision to undertake an operative procedure. Modified Alvarado score in our subjects did not
prove sufficient value. Diagnostics of acute appendicitis still must be led by contemporary algorithms in which diagnostic scoring is

implemented.
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INTRODUCTION

Acute appendicitis, one of the most common diffe-
rential diagnoses in patients with abdominal pain who
contact a surgeon, is caused, among other various
factors, by pathogenic bacteria in intestines (Irvin 1989,
Bhangu et al. 2015). Peak incidence of appendicitis is
between age 10 and 20, and occurs approximately
equally frequently in men and women (Buckius et al.
2012). The most widely accepted explanation for deve-
lopment of acute appendicitis is obstruction of appendix
lumen by lymphoid follicles, feces parts, tumor, foreign
bodies etc., due to which the necessary lumen drainage
does not exist. This create conditions for the growth of
bacteria followed by inflammation onset. The accumu-
lated content together with the bacteria causes edema,
distension and compromises circulation of inflamed
appendix by creating ulcer. In the histopathological
sense, on such appendix suppurative inflammation with
neutrophilic infiltration of side wall in muscle layer can
be seen, along with appendix lumen filled with pus,
congestion of subserosal vessels and fibrinous exudation
on the serous layer. This stage of acute appendicitis is
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called phlegmonous or suppurative appendicitis. If
intraluminal pressure keeps increasing, appendix is
destroyed in its full size and gangrenous stage of acute
appendicitis onsets, which is manifested in histopatho-
logical sense as green hemorrhagic mucosal ulceration
and necrosis which gradually permeates the entire
thickness of the wall of the appendix (Mary 1994).
When the contents from the gangrenous appendix pour
out into the peritoneal cavity, the third stage of acute
appendicitis i.e. perforation occurs. In rare cases,
obstruction of lumen is solved spontaneously and the
inflamed contents from the appendix is drained, which
gives grounds to try to explain some forms of chronic
appendicitis (Hassan et al. 2007, Sgourakis et al. 2008).
Development of acute appendicitis cannot be predicted
nor prevented, and appendectomy is the only justified
treatment. Timely appendectomy minimizes morbidity
and prevents mortality in these patients (Ditillo et al.
2000).

The usual clinical features of acute appendicitis start
primarily as pain of continuous character in upper or
central parts of abdomen. Pain is then transferred into
the lower right quadrant and appears with typical
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sensitivity and muscle spasm on palpation due to the
stimulus of the parietal peritoneum of the front ab-
dominal wall with inflamed appendix. Sometimes this
sign might not appear at abnormal positions of appe-
ndix. Patient with acute appendicitis is disturbed be-
cause of pain, has nausea and/or vomiting and loss of
appetite. Out of other signs of acute appendicitis,
elevated body temperature which does not exceed
38.5°C is present, but if it is higher, one must suspect of
gangrene or perforation or of some other cause of
disease. If inflammation continues to develop, in the
moment when the inflamed appendix perforate, the so
called lucid interval without pain appears. Soon after
strong pain of the whole abdomen appears with develo-
ped signs of generalized hyperarousal of peritoneum in
the sense of acute abdomen, which is a potentially fatal
condition. At physical examination, the patient is tested
with several various clinical tests, whose positive
response suggests acute appendicitis (Di Saverio et al.
2016). Out of laboratory tests, leukocytosis is present,
left shift of neutrophilic granulocytes and elevated C-
reactive protein (CRP) concentration (Teo et al. 2015).
Acute appendicitis can be manifested in unclear
clinical features, whose diagnosis and the decision to
undertake the operative procedure must be led by the
most contemporary algorithms. Besides the clinical
examination, as assistance to set the diagnosis of acute
appendicitis various radiological tests are used, and
various scoring systems were created (Di Saverio et al.
2016). Alvarado score was developed after a retrospec-
tive observation of 305 patients who contacted surgeon
due to abdominal pain with analysis of the most
common laboratory indicators, signs and symptoms of
acute appendicitis. The above mentioned parameters
were listed into the scoring system as parameters with
numerical value 1 or 2, and after processing the patient,
these paramaters were summed up, so the lowest
possible sum was 1 and the highest was 9. The author
analyzed the obtained manner of scoring, regarding
sensitivity, specificity and predictive value, and found
that it can be useful in everyday clinical practice
(Alvarado 1986). Modified Alvarado score does not
include the left shift of neutrophilic granulocytes as one
of the parameters and represents one of the most fre-
quently used score nowadays, due to its simple applica-
tion (Table 1). However, numerous falsely positive
values in women were found (Sooriakumaran et al.
2005, Malik & Wani 1998). Eskelinen score was
developed with an intention to be more specific for
female population, and for the needs of its development,
clinical data regarding acute abdominal pain in 1333
patients were analyzed retrospectively (Table 2). In
Eskelinen scoring system relevant signs and symptoms
were assigned numerical values in form of a factor
which is multiplied by 2 if it is present or by 1 if it is not
present. At the end, all values are added up, so
theoretically the lowest possible score is 2.13 and the
highest 67.6 (Eskelinen et al. 1994). By Ohmann score,

an attempt was made to construct scoring that would
reduce the number of negative appendectomies. In this
score selected signs and symptoms have numerical
values ranging from 1 to 4.5, which add up after
processing the patients, so the lowest possible sum is 1
and the highest is 16 (Table 3). The author succeeded in
proving that the use of this diagnostic score reduces the
rate of negative appendectomies by 21%, and results in
only 2% of unrecognized acute appendicitis (Ohmann et
al. 1995).

The main objective of this study was to assess accu-
racy (specificity, sensitivity, positive and negative pre-
dictive value) of three scoring systems (modified Alva-
rado score, Ohmann score and Eskelinen score) in diag-
nosing acute appendicitis. A secondary objective was to
establish connection between the total score of the
above mentioned scoring systems and the histopatho-
logical degree of appendicitis.

SUBJECTS AND METHODS

Subjects

The patients with clinical features of acute appendi-
citis who were hospitalized and operated at the Depart-
ment of Surgery of the University Clinical Hospital
Mostar were included in this cross-sectional study. All
patients were admitted for an examination by a surgeon
because of abdominal pain in the lower right part, upon
being examined by a primary health care physician.
Those patients that underwent surgery after clinical
processing were included in this study as subjects. Total
number of subjects was 70. The study excluded those
subjects who did not undergo surgery, subjects with
inconclusive laboratory tests, subjects without histo-
pathological test result and those who did not cooperate.

Methods

All subjects were examined by an experienced sur-
geon, who took anamnesis, physical status and ordered
diagnostic tests. During examination general data were
taken (age, gender), as well as anamnestic data crucial
for the diagnostic scores (intensity, localization and
quantity of pain, presence or absence of other symp-
toms, existence of nausea or vomiting, existence of
anorexia). The main part of physical examination was
palpation of abdomen, and the obtained data were also
entered into diagnostic score: painful sensitivity of
abdomen on palpation, existence of signs of peritoneal
stimulus on palpation, positive Blumberg test (rebound
tenderness). Body temperature was measured with
mercury thermometer placed axillary. Measuring body
temperature took 5 minutes and the obtained values
were noted in Celsius degrees, and values above 37.3°C
were listed as parameters in modified Alvarado score.
Number of leucocytes was determined from full blood
samples taken with anticoagulant K3-EDTA in auto-
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mated hematology counter. The results were stated in
number of leucocytes/L and leucocytes values above
10°/L were listed as parameters in all three diagnostic
scores (Alvarado 1986, Ohmann at al. 1995, Eskelinen
et al. 1994). After preoperative processing, the patients
underwent surgery and appendix as preparation was
submerged into 10% formalin and submitted to the
Department of Pathology. Appendix preparation was
treated with standardized procedure and stained with
hematoxylin and eosin, followed by observation through
a microscope for the needs of histopathological diag-
nostics which excluded or confirmed appendicitis and
the degree of inflammation was determined.
With reference to histopathological finding, the sub-
jects were divided into the following groups:
= The subjects that underwent surgery with diagnosis
of acute appendicitis which was then excluded by
histopathological finding (innocent appendix);

= The subjects with acute appendicitis to whom phleg-
monous appendicitis was confirmed with histopatho-
logical finding;

= The subjects with acute appendicitis to whom gan-
grenous or perforated appendicitis was confirmed
with histopathological result (the above mentioned
stages cannot be differentiated on the basis of histo-
pathological finding).

Statistical Methods

Depending on distribution of results in this research,
chi square test (y°) was used for categorical variables, as
well as Kruskall-Wallis and Mann-Whitney test for
asymmetrically distributed results. After establishing the
differences between groups with and without acute
appendicitis, specific cut-off values in diagnostic scores
were attempted to be established by having insight into
ROC curves. Upon establishing cut-off values, com-
promise between sizes of sensitivity and specificity was
attempted to be found. Levels of significance of p<0.05
were taken as statistically significant. SPSS statistical
software, version 17 (SSPS Inc., Chicago, IL), as well
as statistical version 7.0 (StatSoft Inc., Tulsa, OK, USA)
were used for all statistical analyses.

RESULTS

No statistically significant differences in represen-
tation of the disease by gender were found in total
sample (3’=2.800; p=0.094). As expected, most patients
in the sample were in age group from 10 to 30, while
median age was 17.5+£8.3. The youngest patient was 5
and the oldest 72.

Analysis of accuracy parameters for modified Alva-
rado score showed that sensitivity and specificity stand
in inverse relation. Depending on the cut-off value,
sensitivity ranges from 100% to 13.2%, and specificity
from 0% to 88.2%. Positive predictive value for the ob-
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served range is between 75.7% and 81%, while negative
predictive value ranges from 0% to 50% (Table 4).

Analysis of accuracy parameters for Ohmann score
showed that sensitivity and specificity were almost
completely in inverse relation. Depending on cut-off
value, sensitivity ranges from 98.1% to 5.6% and
specificity from 5.8% to 100%. Positive predictive
value for Ohmann score for the whole range of the
observed score sum from 9 to 16 is quite high and
ranges from 76.4% to 100%. Negative predictive value
for Ohmann score for the whole range of the observed
score sum from 9 to 16 ranges from 64.2% to 25.3%
(Table 5).

Analysis of accuracy parameters for Eskelinen score
showed that sensitivity and specificity were also in
inverse relation. For the set cut-off values, sensitivity
ranges from 98.1% to 18.8% and specificity from 0% to
100%. Positive predictive value for all set values is
quite high and ranges from 75% to 100%, whereas
negative predictive value is low, as expected, and ranges
from 0% to 47.8% (Table 6).

In total sample there were 24.3% subjects without
inflammatory change on appendix, 35.7% had phleg-
monous appendices and 40% gangrenous appendices
(which included gangrenous perforated appendices,
which represented 21% of total sample). There was no
statistically significant difference in representation of
various stages of appendicitis according to histopatho-
logical finding in relation to gender (x*=5.301; p=0.071)
(Table 7).

When comparing the histopathological finding of the
subjects who underwent appendectomy with total scores
in three examined scoring systems, it was proven that
significant difference existed between histopathological
finding and total score in Ohmann and Eskelinen score.
In modified Alvarado score no statistically significant
difference was found in the obtained total score in
relation to histopathological finding, particularly bet-
ween innocent appendix and phlegmonous appendices
(Kruskal-Wallis  test=3.970; p=0.137). In Ohmann
score, statistically significant difference was found in
the obtained total score in relation to histopathological
findings (Kruskall-Wallis test=10.775; p<0.005). The
subjects with gangrenous inflammation of appendix had
average sum of scores 14.00+2.50 and differed signi-
ficantly from the group of subjects with phlegmonous
appendix inflammation who had the average total score
13.50+2.75 (Mann-Whitney U=100.000; p=0.004), as
well as from the subjects without appendicitis, whose
total score was 10.5043.75 (Mann-Whitney U=116.500;
p=0.004). As for Eskelinen score, statistically signi-
ficant difference between total score in relation to
histopathological findings was also found (Kruskall-
Wallis test=11.533; p=0.003). The largest difference
was found between the groups without appendicitis and
the groups with gangrenous appendicitis (Mann-
Whitney test U=106.5; p=0.002) (Table 8).
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Certain values of scoring points were then associated
with the number of subjects who were divided accor-
ding to histopathological finding into subjects with and
without appendicitis. In modified Alvarado score the
most frequent total score that was detected in patients
with acute appendicitis was 8, for Ohmann score 12.5 to

Tablel. Modified Alvarado score

15, and for Eskelinen score 58.85 to 63.35. For all three
diagnostic scores, we established that the proportion of
patients who had acute appendicitis was increasing in
relation to the patients who did not have acute
appendicitis starting from lower to higher values of total
scores (Table 9, 10, 11).

Clinical/laboratory features Value

Migration of pain into the lower right quadrant 1

Anorexia 1

Nausea, vomiting 1

Sensitivity in the lower right quadrant 2

Pain while decreasing pressure in the lower right quadrant 1

Elevated body temperature (>37.3°C) 1

Leukocytosis (>10%/L) 2

Table 2. Eskelinen score

Signs/Symptoms Criteria/scores Factor

Soreness of abdominal wall 2 i lower right quqdrant 11.41
1 = any other location

C . 2 =yes
Rigidity of abdominal wall 1 =no 6.62
9

Number of leucocytes ? i 189;11: 5.88

Rebound tenderness 2 i yes 4.25
1 =no

Pain upon arrival 2 i lower right qua.drant 3.51
1 = any other location

Duration of pain % _ l?lré%:errtgg;tggi 2.13

Table 3. Ohmann Score

Clinical/laboratory features Value

Palpation pain in the lower right quadrant 4.5

Rebound tenderness 2.5

Absence of urinary symptoms 2.0

Continuous pain 2.0

White blood cells count > 10000/pIL 1.5

Age under 50 years 1.5

Migration of pain into the lower right quadrant 1.0

Unwilling muscle rigidity 1.0

Table 4. Values of specificity, sensitivity, positive and negative predictive value for modified Alvarado score

Cut-off value Sensitivity Specificity Positive predictive value  Negative predictive value
>4 100.0% 0.0% 75.7% 0.0%
>5 92.7% 0.0% 74.2% 0.0%
>6 90.5% 29.4% 80.0% 50.0%
>7 79.2% 47.0% 79.2% 42.1%
>8 56.6% 58.8% 81.0% 30.3%
>9 13.2% 88.2% 77.7% 24.5%
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Table 5. Values of specificity, sensitivity, positive and negative predictive value for Ohmann score

Cut-off value Sensitivity Specificity Positive predictive value  Negative predictive value
>9 98.1% 5.8% 76.4% 50.0%
>10 92.4% 29.4% 80.3% 55.5%
>11 90.5% 52.9% 85.7% 64.2%
>12 86.7% 58.8% 86.7% 58.8%
=13 64.1% 58.8% 82.9% 34.4%
>14 52.8% 88.2% 93.3% 37.5%
>15 37.7% 94.1% 95.2% 32.6%
>16 5.6% 100% 100% 25.3%
Table 6. Values of specificity, sensitivity, positive and negative predictive value for Eskelinen score
Cut-off value Sensitivity Specificity Positive predictive value  Negative predictive value
>41 98.1% 0.0% 75.0% 0.0%
>51 98.1% 0.0% 75.0% 0.0%
>56 77.3% 64.7% 87.2% 47.8%
>61 18.8% 100.0% 100.0% 28.3%

Table 7. Representation of appendicitis stages according to histopathological finding in relation to gender

Gender Appendices number (%)

Innocent Phlegmonous Gangrenous
Men 7 (16.7%) 14 (33.3%) 21 (50.0%)
Women 10 (35.7%) 11 (39.3%) 7 (25.0%)
xz test

Table 8. Comparison of total scores in relation to histopathological finding

Histopatology finding of appendix preparation Kruskall-Wallis

Diagnostic score p
Innocent Phlegmonous Gangrenous test
Modified Alvarado 7.00+3.00 7.00£2.00 8.00+1.00 3.970 0.137
Ohmann 10.50+3.75 13.50+2.75 14.00£2.50 10.775 0.005
Eskelinen 54.78+7.88 58.85+3.63 58.85+7.36 11.533 0.003
Table 9. Distribution of inflamed and innocent appendix in modified Alvarado score
Modified Alvarado score
Total
4 5 6 7 8 9
Histopathological finding Innocent append1.x 0 5 3 2 5 2 17
Inflamed appendix 4 1 6 12 23 7 53
Total 4 6 9 14 28 9 70
Table 10. Distribution of inflamed and innocent appendix in Ohmann score
Ohmann score
Total
8.50-10.00 10.50-12.00 12.50-14.00 14.50-16.00
Histopathological finding Innocent appendl.x 6 4 6 ! 17
Inflamed appendix 4 7 21 21 53
Total 10 11 27 22 70
Table 11. Distribution of inflamed and innocent appendix in Eskelinen score
Eskelinen score Total
33.80-48.72 50.85-53.97 54.60-56.73 57.47-60.98 63.35-65.47 64.09-67.60
Innocent

Histopathological  appendix 2 4 > 6 0 0 17
findi

nding Inflamed 4 1 10 28 1 9 53

appendix
Total 6 5 15 34 1 9 70
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DISCUSSION

Among our subjects, the highest incidence of ap-
pendicitis was found in the younger age group, which
is in accordance with most of the results of numerous
world’s studies, and confirms that acute appendicitis is
a disease of predominantly young population (Buckius
et al. 2012, Ceresoli et al. 2016). However, children
younger than 5 and adults older than 60 rarely have
acute appendicitis, which is not exclusively so it can
be a cause of clinical oversight which has perforation
as its consequence (Marzuillo et al. 2015, Spangler et
al. 2014).

By analyzing modified Alvarado, Ohmann and
Eskelinen scores, in the context of assessment whether a
patient has acute appendicitis, we found that none of the
three tested scoring systems had high sensitivity and
high specificity at the same time, but they were in
inverse relation. If we want to exclude the disease, it
would be best to use the score which is highly sensitive.
Even though in all three scoring systems, as we observe
higher number of scores decreases, we obtained cut-off
values for which we can say are almost 100% sensitive:
for modified Alvarado score that is the total score above
4, for Ohmann score above 9 and for Eskelinen score
above 41. If total score is below the above mentioned,
we can exclude the existence of acute appendicitis with
high certainty. But, as already mentioned, due to low
specificity at these cut-off values, by implementing the
scores we would have a high number of false positive
diagnoses of acute appendicitis. By taking cut-off values
in all three scoring systems that will ensure high
specificity, we can be sure of acute appendicitis diag-
nosis with high certainty. Those values for modified
Alvarado score are 7 and above, for Ohmann score 13
and above, and for Eskelinen score 56 and above.
Nevertheless, Ohmann and Eskelinen scores proved to
be the most valuable because they have relatively high
values of sensitivity and specificity in relation to
modified Alvarado score. The best results of positive
predictive values were obtained from Ohmann score,
followed by Eskelinen score, while modified Alvarado
score had relatively lower percentages of predictive
values. In all three scoring systems, quite low negative
predictive values were found, which does not comple-
tely solve the diagnostic dilemma after their application
in diagnosing acute appendicitis, because the question
remains: How sure can we be that our patient is really
healthy if his total score is below the selected cut-off
value? An interesting phenomenon is that negative
predictive values in our subjects are the highest at cut-
off values in modified Alvarado score >6, Ohmann
score >11 and Eskelinen score >56, which is essentially
the result of peak incidence of the above mentioned
total score in patients with acute appendicitis and their
higher proportion in relation to patients without
appendicitis (Erdem et al. 2013). A study similar to
ours, which was conducted by Horzi¢ et al. dealt also

with assessing these three diagnostic scores but on
female population of 126 subjects. According to their
results, modified Alvarado score is sensitive at cut-off
value of 1 and specific in 100% as in our study, at cut-
off value 7. Ohmann score is 100% sensitive at cut-off
value of 4.5 and specific similarly as in our case, at
values of total score 16. For hundred-percent values of
sensitivity and specificity of Eskelinen score, authors
had results identical with ours (Horzi¢ et al. 2005). In
review literature for modified Alvarado score it was
concluded it had good accuracy in male population,
inconsistent accuracy in children, and often overseen
acute appendicitis in women. In our subjects, sensitivity
in this score was 100% if we took cut-off value above 4,
while world literature proposes sum of scores above 5
for all populations of patients (Ohle et al. 2011). As for
Ohmann score, according to the results of prospective
study by Tapel et al., it is stated that at cut-off value of
6.5 for this score there is no acute appendicitis oversight
(Tepel et al. 2004). Sitter et al. researched the accuracy
of diagnostic Eskelinen score on 2.359 subjects with
acute appendicitis, and on the basis of their results, they
suggested cut-off value of 57 points as the limit for
setting the acute appendicitis diagnosis and thus reduced
the number of negative appendectomies from 26.6% to
15.4% (Sitter et al. 2004).

Results of our study showed that no statistically
significant difference in representation of inflammation
existed, neither in the level of acute appendicitis in
relation to gender. A large retrospective study from
2012 on 3.736 subjects obtained results according to
which men are more prone to acute appendicitis, and
women have a proven innocent appendix after appen-
dectomy. A reason of this phenomenon is probably a
higher possibility of differentially diagnostic dilemmas
regarding the disease in the lower right quadrant in
women when compared with men, and therefore, more
frequent appendectomy (Teo et al. 2015).

While comparing the amount of the obtained total
scores with the degree of appendicitis according to the
histopathological finding, it was found that the total
score in all three scoring systems follows the degree of
appendicitis, but statistical significance was proved for
Eskelinen and Ohmann scores, while for modified Alva-
rado score it was not proven. There are not many similar
studies for comparison, which dealt with the analysis of
diagnostic scores for acute appendicitis this way. The
most similar study, the one by Horzi¢ et al., interes-
tingly, has results contrary to ours; where modified
Alvarado score differentiated healthy from phlegmo-
nous and gangrenous appendices, but not Ohmann and
Eskelinen scores. We found that modified Alvarado
score on our subjects did not differentiate innocent from
phlegmonous appendices. Ohmann score on our sub-
jects demarcated innocent appendices from phlegmo-
nous ones at total score value 9, and it also diffe-
rentiated phlegmonous from gangrenous appendices
well. When researching Eskelinen score, we established
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that it differentiated innocent appendices from inflamed
ones well, but also that differentiation between phleg-
monous and gangrenous appendices was not good. In
each case, in all three analyses of diagnostic scores, it
was found that the patients with innocent appendix had
the lowest total scores, while the highest score in all
three scorings was found in gangrenous, i.e. perforated
appendicitis (Horzi¢ et al 2005).

When taking data which we will then add into the
three above mentioned diagnostic scoring systems, we
are required to observe each parameter as if it was or
was not there, which is particularly difficult when
assessing symptoms. Quality or quantity of those
symptoms are not taken into consideration, neither is
patient’s ability to explain them as accurately as
possible. For example, one of the basic parameters is
migration of pain into the lower right quadrant, which is
entered into all three scoring systems, and it is quite
difficult to take it anamnestically from small children or
from uncooperative patients who are not sure about
»where the pain first began®. The parameter of elevated
body temperature might also be disputable, because
patients can sometimes be afebrile, because they took
antipyretic therapy on their own, which also has
analgesic effect. It is therefore up to the assessor to
interpret the obtained anamnestic data and to add them
to diagnostic scoring. All three diagnostic scoring
systems seem very good in ideal conditions when we
have ,the perfect example™ of acute appendicitis, but
are difficult to be applied when atypical clinical features
appear (Hassan et al. 2007, Guidry & Poole 1994,
Kraemer et al. 1999). In addition, due to relatively small
population, we did not succeed in analyzing whether
one of the three diagnostic scoring systems was more
accurate for a certain age group or gender. All three
scorings, along with other diagnostic aids in diagnosing
acute appendicitis can be of great assistance. Not in the
long run should we rely on diagnostic scoring as a sole
parameter when setting the diagnosis and making
crucial clinical decisions, particularly because positive
and negative predictive values do not have a satisfactory
interrelation (Tepel et al. 2004, Sitter et al. 2004, Ohle
etal. 2011).

CONCLUSION

Eskelinen and Ohmann scores can be useful when
diagnosing acute appendicitis, predicting the degree of
appendicitis, as well as assistance when making a
decision to undertake a surgical procedure. Modified
Alvarado score did not show sufficient value on our
subjects. All three scoring systems should not be the
only parameters on the basis of which a conclusion is
made on the existence of acute appendicitis in patients
with abdominal pain, but a comprehensive assessment
of each case is necessary, led by contemporary algo-
rithms in which diagnostic scores are also imple-
mented.

S140

Acknowledgements: None.

Conflict of interest: None to declare.

Contribution of individual authors:

Pejana Rastovi¢: Design of the study, subjects
recruitment, literature searches, statistical analysis,
analysis and interpretation of data, writing the
manuscript;

Zoran Trnini¢: Design of the study, interpretation of
data;

Gordan Gali¢: Subjects recruitment;

Zdrinko Brekalo: Subjects recruitment;

Josip Lesko: Writing the manuscript;

Marko Pavlovi¢: Writing the manuscript, literature
searches, analysis and interpretation of data.

All authors participated in the final revision of the
manuscript and approved it.

References

1. Alvarado A: A practical scores for the early diagnosis of
acute appendicitis. Ann Emerg Med 1986, 557-64.

2. Bhangu A, Soreide K, Di Saverio S, Assarsson JH, Drake
FT: Acute appendicitis: modern understanding of
pathogenesis, diagnosis, and management. Lancet 2015;
386:1278-87.

3. Buckius MT, McGrath B, Monk J, Grim R, Bell T, Ahuja
V: Changing epidemiology of acute appendicitis in the
United States: study period 1993-2008. J Surg Res 2012;
175:185-90.

4. Ceresoli M, Zucchi A, Allievi N, Harbi A, Pisano M,
Montori G et al.: Acute appendicitis: Epidemiology,
treatment and outcomes- analysis of 16544 consecutive
cases. World J Gastrointest Surg 2016, 8:693-9.

5. Ditillo MF, Dzjiura JD, Rabinovici R: Is it safe to delay
appendectomy in adults with acute appendicitis? Ann Surg
2006, 244:656-60.

6. Di Saverio S, Birindelli A, Kelly MD, Catena F, Weber
DG, Sartelli M et al.: WSES Jerusalem guidelines for
diagnosis and treatment of acute appendicitis. World J
Emerg Surg 2016, 11:34.

7. Erdem H, Cetinkiinar S, Das K, Reyhan E, Deger C,
Aziret M et al.: Alvarado, Eskelinen, Ohhmann and Raja
Isteri Pengiran Anak Saleha Appendicitis scores for
diagnosis of acute appendicitis. World J Gastroenterol
2013, 19:9057-62.

8. Eskelinen M, lkonen J, Lipponen P: Sex-specific diag-
nostic scores for acute appendicitis. Scand J Gastro-
enterol 1994; 29:59-66.

9. Guidry SP, Poole GV: The anatomy of appendicitis. Am
Surg 1994, 60:68-71.

10. Hassan S, Chavda SK, Magoha GA: Appendicectomy for
recurrent and chronic appendicitis. Trop Doct 2007;
37:56-7.

11. Horzi¢ M, Salamon A, Kopljar M, Skupnjak M, Cupurdija
K, Vanjak D: Analysis of scores in diagnosis of acute
appendicitis in women. Coll Antropol 2005; 29:133-8.

12. Irvin TT: Abdominal pain: a surgical audit of 1190
emergency admissions. Br J Surg 1989, 76:1121-5.



Pejana Rastovi¢, Zoran Trninié, Gordan Galié, Zdrinko Brekalo, Josip Lesko & Marko Pavlovié:
ACCURACY OF MODIFIED ALVARADO SCORE, ESKELINEN SCORE AND OHMANN SCORE IN DIAGNOSING ACUTE APPENDICITIS
Psychiatria Danubina, 2017; Vol. 29, Suppl. 2, pp 134-141

13.

14.

15.

16.

17.

18.

19.

Kraemer M, Kremer K, Leppert R, Yang O, Ohmann C,
Fuchs KH: Perforating appendicitis: is it a separate
disease? Acute Abdominal Pain Study Group. Eur J Surg
1999, 165:473-80.

Malik AA, Wani NA: Continuing diagnostic challenge of
acute appendicitis: evaluation through modified Alvarado
score. Aust N Z J Surg 1998; 68:504-5.

Mary FL: Gastrointerstinalni trakt. In: Vinay K, Ramzi SC,
Stanley LR: Osnove patologije, 473. Skolska knjiga, 1994.
Marzuillo P, Germani C, Krauss BS, Barbi E: Appendi-
citis in children less than five years old: A challenge for the
general practitioner. World J Clin Pediatr 2015; 4:19-24.
Ohle R, O'Reilly F, O'Brien KK, Fahey T, Dimitrov BD:
The Alvarado score for predicting acute appendicitis: a
systematic review. BMC Med 2011, 9:139.

Ohmann C, Yang Q, Franke C: Diagnostic scores for
acute appendicitis. Abdominal pain study group. Eur J
Surg 1995, 161:273-81.

Sgourakis G, Sotiropoulos GC, Molmenti EP, Eibl C,
Bonticous S, Moege J et al.: Are acute exacerbations of

20.

21.

22.

23.

24.

chronic  inflammatory  appendicitis  triggered by
coprostasis and/or coproliths? World J Gastroenterol
2008, 14:3179-82.

Sitter H, Hoffmann S, Hassan I, Zielke A: Diagnostic
score in appendicitis. Validation of a diagnostic score
(Eskelinen score) in patients in whom acute appendicitis is
suspected. Langenbecks Arch Surg 2004; 389:213-8.
Sooriakumaran P, Lovell D, Brown R: A comparison of
clinical judgment vs the modified Alvarado score in acute
appendicitis. Int J Surg 2005; 3:49-52.

Spangler R, Van Pham T, Khoujah D, Martinez JP:
Abdominal emergencies in the geriatric patient. Int J
Emerg Med 2014, 7:43.

Teo AT, Lefter LP, Zarrouk AJ, Merrett ND: Institutional
review of patients presenting with suspected appendicitis.
ANZ J Surg 2015; 85:420-4.

Tepel J, Sommerfeld A, Klomp HJ, Kapischke M, Eggert
A, Kremer B: Prospective evaluation of diagnostic
modalities in suspected acute appendicitis. Langenbecks
Arch Surg 2004, 389:219-24.

Correspondence:

Pejana Rastovié, MD

Department of Surgery, University Clinical Hospital Mostar
Bijeli Brijeg bb, 88000 Mostar, Bosnia and Herzegovina
E-mail: pejana_rastovic@yahoo.com

S141



