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Is the appendix length/diameter ratio an early-indicator for
the perforation in acute appendicitis?
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Abstract
Aim: Acute appendicitis is the most frequent reason for the stomachaches resulting in the surgery. The acute appendicitis perforation
might create complications that are of vital importance. In this study, it is aimed to examine the relationship of appendix length/
diameter ratio with acute appendicitis perforation.
Material and Methods: Using the pathology results of appendectomy materials of 144 patients that applied to emergency service
between March 2013 and May 2014 and were operated due to the suspicion of acute appendicitis, the length/diameter ratios were
calculated. The patients were divided into 2 groups as perforated appendicitis and non-perforated appendicitis. The number of
patients and the length/diameter ratios were calculated and recorded for both groups. Pearson’s Chi-Square test was used for
statistical analysis.
Results: In pathological examination of 144 patients involved in this study, non-complicated acute appendicitis was diagnosed in
123 (85.4%) patients, while 21(14.6%) patients were found to have perforation. In present study, the results indicating that the length/
diameter ratio might be used as early indicator for the perforation were achieved. When the appendix length/diameter ratio declined
below 10, then the perforation frequency significantly increased (p<0.01).
Conclusion: Knowing these rate can help the surgeon in early surgical intervention, so the possible complications of perforated
appendicitis might be decreased via early surgical intervention.
Keywords: Acute appendicitis; appendix length/diameter ratio; appendicitis perforation.

INTRODUCTION
The acute appendicitis is the most frequent reason for the
acute stomachaches resulting in surgery. The perforation
of acute appendicitis might cause vitally important
complications. The diagnosis of acute appendicitis might
be made using history, physical examination findings, and
laboratory tests, as well as additional scoring methods
and radiological examinations for patients requiring
these operations. The latency in diagnosis and treatment
increases the risk of perforation. The increase in
perforation, on the other hand, increases the postoperative
morbidity, mortality, and hospitalization.
The base of appendix is located at the posteromedial of
cecum, 2cm below the ileocecal valve. The length of a
normal appendix varies between 6 and 9 cm, as well as
it might range between 1 and 30 cm (1). The diameter
of normal appendix is between 5.6 and 6.6 mm (2). The
most frequently seen disease in appendix is the acute

appendicitis. The lifelong possibility of its development
is 6-7% (3). As the reason for acute appendicitis, the
beginning of obstruction in appendix lumen is considered.
This might be caused by lymphoid hyperplasia, hardened
feces, parasitic infections, or certain foreign materials. The
obstruction of lumen causes the excessive reproduction
of bacteria and increase in the mucus secretion. This
increases the intraluminal pressure. The increasing
intraluminal pressure causes lymphatic and venous
obstruction. The excessive reproduction of bacteria
constitutes the edema and acute inflammatory response.
The appendix becomes edematous and ischemic. Thus,
the necrosis developing on the appendix wall causes
the bacteria translocation from the ischemic wall. This
stage is called gangrenous appendicitis and the appendix
perforates unless the surgical intervention is made. Since
the diameter of appendix increases with the inflammation
but its length doesn’t change significantly, the length/
diameter ratio is expected to decrease in case of acute
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appendicitis. The possible complications of perforated
appendicitis might be decreased via early diagnosis and
early surgical intervention.

do not meet the required conditions, the Monte Carlo
simulation was applied. The statistical significance was
set at p<0.05.

In the present study, it was aimed to examine the
relationship between appendix length/diameter ratio,
which can be easily measured using radiological methods,
and acute appendicitis perforation.

RESULTS

MATERIAL and METHODS
The records of 144 patients that applied to emergency
service between March 2013 and May 2014 and were
operated due to the suspicion of acute appendicitis
were retrospectively examined. Using the measurements
in pathology reports of patients, the appendix length/
diameter ratios were calculated. While calculating and
recording these ratios of patients, the normal length and
diameter values reported in literature were taken into
consideration. The patients were divided into 2 groups as
perforated appendicitis and non-perforated appendicitis.
The number of patients and the length/diameter ratios were
calculated and recorded for both groups. The statistical
analysis was performed using SPSS 18.0 software (SPSS
Inc., Chicago, IL, USA). Since the numerical variables in
both groups didn’t meet the normal distribution condition,
they were compared using Mann Whitney U test. The rate
of categorical variable between the groups was tested
using Chi-Square Analysis. Under the conditions that

Of 144 patients involved in present study, 77(53.4%)
were males and 67(46.7%) were females. Mean age was
27.48(10-80) years, while the median age was found to be
25 years. According to the histopathological results, noncomplicated acute appendicitis was found in 123 (85.4%)
patients, while 21 (14.6%) of the patients were found to
have perforation. Appendix perforation was found in 19
(13.1%) of patients with appendix length/diameter ratio
≤10. Of these patients, 9 (47.3%) were female and 10
(52.7%) were male. Among the patients with appendix
length/diameter ratio > 10, only 2 2 (1.3%) appendix
perforations were found, and both of these patients were
male. The distribution of appendix length/diameter ratios
of patients by the type of appendicitis is presented in
Table 1.
As a result of the statistical analyses, the significant results
indicating that the length/diameter ratio might be used as
early indicator for the perforation were obtained (Table 2).
When the appendix length/diameter ratio declined below
10, then the perforation frequency significantly increased
(p<0.01)

Table 1. Patient distribution by length/diameter ratio
Appendicitis Type

Length/Diameter
0-5

5-10

10-15

>15

Total

Perforated (n:21)

10 (3.65±0.72)

9 (5.94±0.58)

2 (10.4±0,14)

0

21

Nonperforated(n:123)

9 (4.02±0.52)

71 (7.98±0.97)

39 (12.82±1,07)

4 (15.68±0,44)

123

19

80

41

4

144

Total
n: number

Discussion

Table 2. Comparison of tumor localizations between groups
0-5

Length/
Diameter
5-10

10-15

>15

Total

5

4

0

0

9

Female

5

5

2

0

12

Total

10

9

2

0

21

Male

4

31

20

3

58

Female

5

40

19

1

65

4

123

Appendicitis type
Perforated (n:21)
Male

Nonperforated
(n:123)

Total
P Value

9

71

39

0.01

0.01

0.651

The most important step in treatment process of
patients, for whom the acute appendicitis is suspected,
is to determine the surgical intervention and its timing.
Thus, the rates of negative laparotomy and complicated
appendicitis might be reduced (4). The diagnosis
of appendicitis is a clinical diagnosis, in which the
inflammatory indicators expected to increase are used
in making decision. Complicated appendicitis may occur
more in patients with atypical symptoms (epigastric pain,
diarrhea, malaise, lack of anorexia, and history of chronic
right abdominal quadran pain), those who are older,
married, without higher education or with a longer interval
from the onset of symptoms to admission. Patients with
these factors and suspicion for appendicitis should be
evaluated, advised and followed-up in a vigorous way
not to be overlooked (5). Nowadays, the methods such
391
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as ultrasonography, computed tomography, magnetic
resonance imaging, and laparoscopy are used for
preventing the patient from unnecessary interventions
and to support the diagnostic process. But Alvarado
scoring system is found to be a more sensitive method for
diagnosis of acute appendicitis (6,7).Despite the physical
examination, laboratory findings, and assistive methods,
the rates of negative laparotomy vary between 9% and
20% (8,9). The number of patient, for whom the negative
laparotomy was performed, was 15 (9.4%). 9 (60%) of
them were females, and 6 (40%) were males.
If the progression towards the perforation can be
detected and treated in early stage by using radiological
and laboratory tests in diagnosis and treatment period,
the mortality and morbidity might be declined. The rate
of negative laparotomy and complication is still high
despite the history of patient, examination results, and
examinations. In study of Richard Nshuti et al., they
reported the perforation rate to be 29% (10), while the
same rate was reported to be 15.3% by Taylan O. et al.
(11). In present study, the number of patient diagnosed for
perforated appendicitis was found to be 21 (14.5%).
The most frequent symptom of acute appendicitis is the
stomachache around the belly and changing its location
4-6 hours later. Another symptom that is seen in almost
any patient is the inappetency. Vomiting and nausea are
seen in 75% of patients. The most important symptoms
in physical examination are the defense and rebound.
The body temperature rarely exceeds beyond 38 ˚C. The
body temperature is normal in 25-50% of the patients.
The number of leucocyte is generally between 10,000 and
18,000. Shift to the left in number of neutrophil is another
laboratory finding (12). In the present study, inappetence
is seen in 115 (79.8%) patients, defense in 129 (89.5%)
patients, and leukocytosis in 98 (68%) patients.

which point indicates the critical perforation stage in
pressure increase is very important. In present study,
this critical point is thought to be the sizes with length/
diameter ratio lower than 10. When compared to group
of patients with length/diameter ratio higher than 10, the
number of patients, who diagnosed for acute appendicitis,
in patient group with length/diameter ratio of 10 increased
approximately 2 times (45 and 95, respectively), the
perforation frequency increased approximately 9 times (2
and 9, respectively).
Study Limitations; although the present study was carried
out by analyzing the pathology specimens, the length
and diameter of appendix are the parameters that can be
measured using radiological methods before operation.
Thus, for the patients, for whom surgery is planned due
to suspicion of acute appendicitis, the radiologist should
be asked to measure the length and diameter during the
preoperative imaging procedures. So, the early diagnosis
can be made and negative consequences can be reduced.

conclusion
In conclusion, the statistically significant results
indicating that the length/diameter ratio might be used
as early indicator for the perforation were achieved. When
the appendix length/diameter ratio declined below 10,
then the perforation frequency significantly increased
(p<0.01). Knowing these rates can help the surgeon in
early surgical intervention, so the possible complications
of perforated appendicitis might be decreased via early
surgical intervention.
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An obstruction occurring in proximal segment of appendix
lumen in development period of acute appendicitis makes
the appendix a closed space. Because of the normally
continuing secretion of appendix mucosa, the rapid
effusion and distention develop in this closed space.
While the capacity of normal appendix is approx. 1ml, even
low level of secretion such as 0.5 ml easily increases the
pressure in lumen within the appendix, which turns into a
closed space, up to 60 cm water. The appendix mucosa
continues secretion while the pressure within the lumen
is high, and then the appendix firstly becomes gangrened
and then perforated. Although this process varies between
the individuals, the risk of perforation, which is 20% in first
24 hours, might increase to 65% after 48th hour (13). The
mean duration to surgery for perforated cases in present
study was 54 (18-90) hours.
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