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Introduction

Acute appendicitis is the most common diagnosis re-
quiring emergency surgery, and patients are frequently 
cared for by junior doctors. Historically, up to 25% neg-
ative appendectomies have been accepted [1]. Howev-
er, this number is relatively high, exposing the patient 
to unnecessary postoperative complications, increased 
long-time risk, and contributing to increased hospital 
costs [2].

To help improve clinical diagnostic accuracy, various 
scoring systems have been proposed, such as Alvara-
do-score, de Dombal score, and RIPASA score [3,4]. Re-
cent trials showed that an increased use of preoperative 
CT and Ultrasonography (US) greatly benefits the clini-
cian in establishing a correct preoperative diagnosis, 
decreases the Negative Appendectomy Rate (NAR) by 
avoiding unnecessary surgery, and reduces the number 
of appendectomies [5-7].

These findings suggest a more liberal use of preop-
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Background: Acute appendicitis is the most common sur-
gical emergency worldwide, but the diagnosis continues to 
challenge clinicians. In the light of the constantly increasing 
demand for evidence-based treatment and avoiding un-
necessary surgery, the traditional rates of negative appen-
dectomies up to as high as 25% are no longer considered 
acceptable. Preoperative diagnostic imaging now plays a 
key role in the routine investigation of this patient-group, 
however there are controversies regarding the use of these 
examinations.

Material and methods: A retrospective analysis was car-
ried out of all patients operated on at Levanger Hospital, 
Norway for suspected acute appendicitis during the period 
2003 until 2014. We analyzed the preoperative work-up in-
cluding radiological examinations and postoperative diag-
nosis for every patient.

Results: A total of 1140 patients were operated on during 
this 12-year period. During 2003-2005, 39 of 282 patients 
(14%) underwent ultrasonography, CT scans or both. For 
the period 2012-2014 this number increased to 264 of 302 
patients (87%). The proportion of Negative Appendecto-
mies Rate (NAR) for the two periods were respectively 12% 
(33 of 282) vs. 6% (n = 19 of 302). In 2014, only 5 of 120 pa-
tients were operated on, based solely on clinical suspicion. 
A multivariable analysis of risk factors for NAR showed that 
when imaging concluded with direct signs of appendicitis, 
the Odds Ratio (OR) for NAR was 0.46 (CI 0.27 to 0.79) 
compared to no imaging. The corresponding OR for indirect 
signs of appendicitis on imaging was 3.53 (CI 1.38 to 9.04) 
and for inconclusive examination 3.87 (CI 2.11 to 9.10).

Conclusion: The use of preoperative diagnostic imaging 
prior to appendectomy increased from 14% to 87%. This 
was accompanied by a decrease in NAR by 50%. Direct 
signs of acute appendicitis on preoperative imaging seemed 
to be a good predictor for the diagnosis. Indirect signs or 
inconclusive imaging seemed to increase the risk for remov-
ing a normal appendix.
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surgeons’ peroperative evaluation of the appendix was 
taken as the diagnosis. During the first three-year peri-
od, the appendix was sent for examination by a patholo-
gist, only if macroscopic pathology other than appendi-
citis was encountered. This routine changed during the 
study period, and currently all specimens are submitted, 
hence an increasing number of pathology reports exist 
for the last two periods: 2003 - 2005 n = 54 (19%), 2006 
- 2008 n = 169 (65.5%), 2009 - 2011 n = 294 (98.7%) 
and 2012 - 2014 n = 301 (99.7%). During the two first 
periods, seven specimens were evaluated as false neg-
ative peroperatively, as the pathology report concluded 
appendicitis. For the two last periods 6 specimen were 
evaluated false negative peroperatively.

Non-perforated acute appendicitis was defined as 
presence of inflammation in the removed specimen, 
including phlegmonous appendicitis (i.e., transmural 
inflammation of the appendix wall without necrosis or 
perforation) and gangrenous appendicitis (i.e., inflamed 
appendix with necrosis of the appendiceal wall). The di-
agnosis of perforated appendicitis was based on either 
the presence of perforation described by the patholo-
gist, or the clinical presence of a perforated appendix. 
The clinical diagnosis overruled the histological diagno-
sis, because it would dictate further treatment with an-
tibiotics and prolonged hospital stay.

There was no routine applied for the description of 
the appendix specimen, hence a wide variability ranging 
from ‘appendicitis’ only, to more refined descriptions 
were found. For this reason, we categorized the histo-
logical findings as either normal or acute appendicitis. 
Based upon the surgeon’s operation report we further 
classified the specific type of appendicitis as non-per-
forated (phlegmonous or gangrenous), or perforated 
appendicitis (with abscess formation or free peritonitis).

The radiologic department did not stick to defined 
diagnostic criteria for CT nor US throughout the study 
period. For this reason, we classified the conclusion 
this way: Not performed, direct signs of appendicitis, 
indirect signs of appendicitis, inconclusive examination 
(only used in US).

The cohort was divided into age subgroups. Age was 
treated as a categorical variable, for us to compare dif-
ferences between age groups.

Continuous variables were found to be non-para-
metrically distributed, and central tendency was re-
ported by median and range (minimum to maximum). 
The exact Cochran-Armitage test was used to test for 
trends in proportions. The associations between NAR 
as outcome variable and various explanatory variables 
were analyzed using a binary logistic regression model, 
and Odds Ratios (ORs) and 95% Confidence Intervals (CI) 
were reported. Likewise a logistic regression analysis 
was performed to study risk factors for finding a perfo-
rated appendix.

erative radiological examinations, and some guidelines 
recommend imaging studies routinely in the work-up of 
patients with suspected acute appendicitis [8] On the 
other hand, some studies conclude that neither CT nor 
US improve the diagnostic accuracy, but delay surgery 
[9,10] thus increasing length of hospital stay and cost 
[11]. The combination of clinical evaluation and radio-
logical investigations may be the ideal work - up [12,13].

We observed a major increase in the use of preoper-
ative radiological examinations over the last decade. In 
this study, we analyzed the association between chang-
es in the use of preoperative imaging of patients with 
acute appendicitis, and its possible effect of reducing 
NAR.

Material and Methods

The Strengthening and Reporting of Observational 
Studies in Epidemiology (STROBE) statement [13] was 
used in the analysis and to prepare the manuscript. 
The study was approved by the Regional committee for 
medical and health research ethics as an evaluation of 
clinical practice.

All patients operated at Levanger Hospital in North 
Trøndelag County, Norway, during 2003-2014 with 
NCMP-NCSP code JEA00 (open appendectomy), JEA01 
(laparoscopic appendectomy) or JEA10 (appendectomy 
with drainage of abscess) or discharged with ICD - 10 
codes K35.0 to K35.9 were identified from the electron-
ic patient administrative system of the Levanger Hospi-
tal and included (n = 1179). This institution is the single 
primary hospital for a population of 90,000 inhabitants 
from 10 municipalities south in North Trøndelag Coun-
ty. The patients are unselected and representative of 
this area. Patients undergoing appendectomy elective-
ly, or appendectomy done en passant, were excluded (n 
= 39). We did not include patients with other suspected 
causes of abdominal pain, nor patients undergoing US 
and CT, ending up with another diagnosis than appendi-
citis. The total number of patients included in this retro-
spective cohort was 1140 patients.

Data were collected from the records of the patients 
with regard to gender, age, date and time of onset of 
symptoms, admission, type of surgery and discharge. 
Data on diagnostic work-up included results of C-Reac-
tive Protein (CRP), White Blood Count (WBC), tempera-
ture measurement, and preoperative US and CT. No pa-
tients had MRI. Further, peroperative evaluation of the 
appendix, surgical approach, histological evaluation of 
the appendix, and use of per-and postoperative antibi-
otic treatment were recorded.

In 818 patients (72%), the removed appendix was ex-
amined by a pathologist. All examined specimens were 
analyzed at the Department of Pathology, St. Olavs Hos-
pital, Trondheim. Histology was the base of the final di-
agnosis, overruling the surgeons’ peroperative evalua-
tion. In the remaining number of patients (n = 322), the 
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suspected acute appendicitis. Open operation was per-
formed in 849 patients, laparoscopy in 278, and lapa-
roscopy converted to open in 13. The overall proportion 
of NAR was 12%, with a significant difference between 
males (9.6%; 58 of 604) and females (14.6%; 78 of 536), 
p = 0.01. The proportion of perforated appendicitis was 
similar in both genders, 18.9% in males and 18.5% in fe-
males.

Two-sided p-values < 0.05 were considered signifi-
cant. The analyses were performed using IBM SPSS Sta-
tistics 24 (SPSS Inc., Chicago, Illinois, USA) and StatXact 
9 (Cytel Inc., Cambridge, Massachusetts, USA).

Results

During the study period, 1140 patients (median age 
26 years (1-91), 604 males (53%) were operated on for 

 

Figure 1: Type of acute appendicitis in relation to time period.

 

Figure 2: Type of acute appendicitis in relation to age.

https://doi.org/10.23937/2378-3397/1410060


ISSN: 2378-3397DOI: 10.23937/2378-3397/1410060

Høydahl et al. Int J Surg Res Pract 2017, 4:060 • Page 4 of 8 •

ration rate varied during the four 3-year periods. During 
the first period, 14% of the patients (n = 39) had either 
preoperative US, CT examination or both, during the last 
period this number increased to 87% (n = 264). The neg-
ative appendectomy rate decreased from 12% during 
the first 3 years to 6% during the last period. On the 
other hand, the perforation rate increased significantly 
from 13%, to 22% during the last three 3-year periods. 
This coincided with older patients in recent periods.

Table 2 shows the results of preoperative US in rela-
tion to preoperative CT. Only 65 patients had both US 
and CT. When US was inconclusive, a CT was often per-
formed, showing direct signs of appendicitis in a num-
ber of patients.

Table 3 shows the results of a multivariable logistic 
regression analysis of risk factors for removal of an un-
inflamed appendix in patients operated on for suspect-

Figure 1 displays the various types of appendicitis 
for each year. NAR decreased successively since 2008. 
During the last three years, when the use of preoper-
ative radiological examination reached 87%, NAR was 
8.2% (n = 8) in 2012, 4.7% (n = 4) in 2013 and 5.8% (n = 
7).

Figure 2 shows the number of different types of acute 
appendicitis in relation to age, while the percentage of 
type of acute appendicitis in relation to age is shown 
in Figure 3. The proportion of NAR was almost identical 
from one 10-year age-group to another. Perforations 
occurred most frequently in the youngest children and 
in the elderly patients. Appendectomy was performed 
most frequently in the age group 10-19 years, with 
30.5% (n = 346) of all.

Table 1 shows how the use of preoperative radiolog-
ical examinations (CT, US or both), NAR, and the perfo-
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Figure 3: Percentage of type of acute appendicitis in relation to age.

Table 1: Total number of appendectomies for suspected acute appendicitis in relation to time periods.

Time period of operation
2003-2005 2006-2008 2009-2011 2012-2014 Total

Total appendectomies 282 258 298 302 1140
Negative appendectomy rate 33 (12%) 42 (16%) 42 (14%) 19 (6%) 136 (12%)*
Perforation rate 60 (21%) 34 (13%) 53 (18%) 66 (22%) 213 (19%)
Preoperative imaging 39 (14%) 39 (15%) 131 (44%) 264 (87%) 473 (41%)§

Ultrasound 32 (11%) 26 (10%) 71 (24%) 176 (58%) 305 (27%)§§

CT 13 (5%) 15 (6%) 68 (23%) 137 (45%) 233 (20%)§§§

* = p = 0.029; § = p < 0.001; §§ = p < 0.001; §§§ = p < 0.001.
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ble 3. Female gender, inconclusive preoperative imag-
ing and indirect signs of appendicitis seemed to increase 
the risk of removing a normal appendix, whereas direct 
signs of appendicitis, increased WBC and CRP decreased 
the chance for negative appendectomy.

Table 4 shows findings of preoperative imaging in 

ed acute appendicitis. Indirect signs of appendicitis or 
inconclusive examination were associated with a 4-fold 
increased frequency of removing a normal appendix.

Figure 4 shows a Forest plot displaying results of the 
multivariable analysis of risk factors for removing a nor-
mal appendix. The corresponding ORs are shown in Ta-

Table 2: Preoperative US examinations in relation to CT examinations performed 2003-2012.

 CT examination  Ultrasound examination
Not 
performed

Direct signs of 
appendicitis

Indirect signs of 
appendicitis

Inconclusive Total

Not performed 667 159 9 72 907
Direct signs of appendicitis 156 6 5 48 215
Indirect signs of appendicitis 12 1 0 5 18
Total 835 166 14 125 1140

Table 3: Multivariable analysis of risk factors for removal of an uninflamed appendix in patients who had appendectomy for sus-
pected acute appendicitis.

No. (col%) 
N = 1140

No. (row%) 
uninflamed 
appendix

Unadjusted odds 
ratio

p-value Adjusted odds ratio p-value

Gender
Male 604 (53.0) 58 (9.6) 1 1
Female 536 (47.0) 78 (14.6) 1.60 (1.12 to 2.30) 0.011 1.58 (1.06 to 2.35) 0.025
Age
< 15 years 208 (18.2) 27 (13.0) 1 1
15-39 years 605 (53.1) 77 (12.7) 0.98 (0.61 to 1.56) 0.93 1.35 (0.78 to 2.32) 0.28
40+ years 327 (28.7) 8 (9.8) 0.73 (0.42 to 1.25) 0.25 0.94 (0.51 to 1.75) 0.86
Temperature
< 37.8 °C 599 (52.5) 70 (11.7) 1 1
37.8-38.4 °C 323 (28.3) 40 (12.4) 1.07 (0.71 to 1.62) 0.76 1.08 (0.68 to 1.71) 0.74
38.5+ °C 218 (19.1) 26 (11.9) 1.02 (0.63 to 1.65) 0.93 1.06 (0.60 to 1.86) 0.84
Leucocyte count
< 10.0*109/l 208 (18.2) 56 (26.9) 1 1
10.0-14.9*109/l 495 (43.4) 49 (9.9) 0.30 (0.20 to 0.46) < 0.001 0.26 (0.16 to 0.41) < 0.001
15.0+ *109/l 437 (38.3) 31 (7.1) 0.21 (0.13 to 0.33) < 0.001 0.16 (0.09 to 0.26) < 0.001
C-reactive protein
< 20 377 (33.1) 56 (14.9) 1 0.073 1
20-39 193 (16.9) 14 (7.3) 0.45 (0.24 to 0.83) 0.01 0.36 (0.18 to 0.70) 0.002
40-99 332 (29.1) 38 (11.4) 0.74 (0.48 to 1.15) 0.18 0.70 (0.43 to 1.14) 0.15
100+ 238 (20.9) 28 (11.8) 0.76 (0.47 to 1.24) 0.76 0.77 (0.44 to 1.35) 0.36
Ultrasound and/or CT 
examination
Not performed 667 (58.5) 82 (12.3) 1 1
Direct signs of appendicitis 375 (32.9) 22 (5.9) 0.45 (0.27 to 0.73) 0.001 0.46 (0.27 to 0.79) 0.004
Indirect signs of 
appendicitis

26 (2.3) 8 (30.8) 3.17 (1.34 to 7.53) 0.009 3.53 (1.38 to 9.04) 0.008

Inconclusive examination 72 (6.3) 24 (33.3) 3.57 (2.08 to 6.13) < 0.001 3.87 (2.11 to 9.10) < 0.001
Type of operation
Laparoscopy* 291 (25.5) 24 (8.2) 1 1
Open 849 (74.5) 112 (13.2) 1.69 (1.07 to 2.69) 0.026 2.06 (1.20 to 3.53) 0.009

Table 4: Preoperative imaging and white blood count in relation to NAR.

Preoperative imaging
Not performed Direct signs of 

appendicitis
Indirect signs of 
appendicitis

Inconclusive 
information

Total

WBC 
< 10	 33% (35/107) 14% (11/81) 33% (1/3) 53% (9/17) 27% (56/208)
10-14.9 10% (30/294) 3% (5/163) 33% (5/15) 39% (9/23) 10% (49/495)
15+ 6% (17/266)	 5% (6/131) 25% (2/8) 19% (6/32) 7% (31/437)	
Total 12% (82/667) 6% (22/375) 31% (8/26) 33% (24/72) 12% (136/1140)
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et al. reviewed 56,000 negative appendectomies, find-
ing women accounting for over 70% of the negative ap-
pendectomies [14]. In the previously mentioned RIPASA 
score, female gender gives a lower risk score than male 
gender [2]. Our findings of association between female 
gender and NAR, coincides with previous reports.

Numerous reports have described the association 
between acute appendicitis and elevated WBC, with dif-
fering results [15-18]. In our material, an elevated WBC 
showed a decreased risk for removing a normal appen-
dix. The results of WBC must be weighed against the 
clinical picture and findings from preoperative imaging.

The present study showed that imaging seemed to 
help the surgeon to a correct diagnosis when the radiol-
ogist reported direct sign of appendicitis. On the other 
hand, when imaging showed indirect signs of appendi-
citis, or was inconclusive, this seemed to be confusing, 
leading to a high percentage of NAR.

The increased use of preoperative imaging in our 
cohort seems comparable to the general development 
in western countries. In the United States, CT investi-
gations were estimated to 3 million in the 1980s and 

relation to WBC. In patients with a WBC < 10, a total of 
27% (56/208) had a negative appendectomy. When pre-
operative imaging showed direct signs of appendicitis, 
this percentage was reduced to 14% (11/81). For WBC 
> 15 the corresponding percentages were 7% (31/437) 
vs. 5% (6/131).

The median time from admission to surgery was 5 
(0.4-69) hours without preoperative radiological exam-
inations, versus 12 (2.3-180) hours if US or CT had been 
done. A perforated appendicitis was not associated with 
the number of hours between admission and surgery 
(OR = 1.0, 95% CI 0.986 to 1.014).

Discussion

The analysis revealed that the use of US, CT, or both 
modalities in the preoperative diagnosis of acute ap-
pendicitis during 2003 to 2014 had increased from 14% 
to 87%. Simultaneously, a decrease in NAR from 12% 
to 6% was observed. Female gender, a normal leuko-
cyte count, indirect signs of appendicitis or inconclusive 
preoperative imaging was associated with NAR. Tradi-
tionally, a higher number of negative appendectomies 
have been accepted for women than for men. Seetahal, 
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od. Guller, et al. [25] found higher perforation rates with 
increasing age in their material. The median time from 
admission to operation increased by nearly four hours 
in our material, coinciding with other reports [8,9].

The current study includes all the patients operat-
ed on for acute appendicitis during a 12-year period at 
a single institution, serving an unselected population of 
90,000 people. Records of all patients were available, 
and necessary data could be extracted with missing val-
ues for histology reports only. The hospital’s catchment 
area has been unchanged throughout the study period, 
thus representing a stable population. We think that 
in this setting, an institutional review based on clearly 
defined and accessible data, was warranted to provide 
data that are otherwise difficult to obtain consistently 
over a long time-period with significant changes of the 
use of radiological examinations. No other changes in 
the work-up, such as interpretation of clinical signs or re-
sults from blood tests that may explain changes in treat-
ment policy, were introduced during the study period.

The retrospective design implies several weakness-
es. Histological reports were missing for a considerable 
number of patients, in particular for the first period 
(2003-2007). In those cases, we had to rely on the sur-
geons’ evaluation. When we compared the surgeons’ 
evaluations with those of the pathologists, only a small 
number of patients had been given a different diagno-
sis by the surgeons. We are aware of previous reports 
showing that as many as one third false negative diag-
noses were made during diagnostic laparoscopy [26], 
and 9.2 - 35% normal appendices were removed, based 
on postoperative histological evaluation [27]. There has 
been no consensus regarding the pathologists’ evalua-
tion of the appendix and the grade of inflammation in 
the present study. Due to the retrospective design, we 
can only observe our findings as associations. They do 
not prove causality, wherefore they must be interpret-
ed with caution.

Conclusion

The increased use of preoperative CT and US was 
associated with a decrease in the number of negative 
appendectomies. The observed increase of perforated 
appendicitis was attributed to more patients of older 
ages operated during the later periods. We think it is 
reasonable to use diagnostic imaging tools in the work-
up for suspected appendicitis. However, the harmful ef-
fects of radiation must be kept in mind. When imaging 
showed direct signs of appendicitis, a negative appen-
dectomy occurred very infrequently. On the other hand, 
when imaging showed indirect signs of appendicitis, or 
was inconclusive, negative appendectomy was often 
the case if the surgeon decided to operate.
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67 million in 2006 [19]. Radiological investigations are 
commonly used in the work-up of patients with acute 
abdominal pain, including suspected acute appendicitis. 
Some authors claim that routine imaging may reduce 
unnecessary surgery [5]. In the Netherlands Bakker, et 
al. [7] published guidelines for the work-up of suspected 
appendicitis to avoid unnecessary appendectomies, es-
timated to 2500 operations annually. They recommend 
radiological investigations prior to every appendecto-
my. This was found to be cost-effective by Boonstra, et 
al. [20], in an analysis of 466 patients before and after 
the implementation of these guidelines.

The use of preoperative US and CT has increased dra-
matically in our department, especially since 2009. The 
rate of negative appendectomies has fallen. This change 
has also been observed by others [4,5]. The incidence 
of appendectomies performed is relatively steady in our 
series, while some report a decrease in the number of 
appendectomies with increasing use of US and CT [4].

The increasing use of preoperative CT is contro-
versial, and there is a fear of an increasing amount of 
radiation-induced malignancies due to ionizing radia-
tion [19]. A recent report by Kim, et al. [21] concluded 
that low-dose abdominal CT was not inferior to stan-
dard-dose CT regarding NAR in young adults, with a low-
er median radiation dose - length product as compared 
to standard-dose CT (116 mGy*cm vs. 521 mGy*cm, re-
spectively).

This aspect is more important the younger the pa-
tient’s age, and with regard to patients in the reproduc-
tive age. If US is inconclusive, we may consider low-dose 
CT a possible radiological examination in the diagnosis 
of acute appendicitis [21,22]. With regard to pediatric 
patients, US is the first choice imaging technique. Wage-
naar, et al. [23] showed a 30% reduction of preoperative 
CT investigations, after introducing a protocol where US 
was the primary investigation.

Faiz, et al. [24] found no deaths among 234,402 pa-
tients aged below 49-years, who underwent laparoscop-
ic appendectomy in United Kingdom during 1996-2006, 
confirming this a procedure with extremely low mortal-
ity. With this in mind, and the additional advantages of 
shorter time to surgery and the possibility for interven-
tion, diagnostic laparoscopy is an important alternative 
of the available armamentarium to assure optimal care 
of patients with suspected acute appendicitis.

The increased use of US and CT examinations was 
associated with some hours delay from admission to 
surgery. In the multivariable analysis the time from ad-
mission to surgery was not associated with a higher risk 
of perforated appendicitis. Finding of an increased per-
foration rate during recent periods could be explained 
by an increased number of patients in the 40+ group, 
constituting 31.2% of the patients in the last three-year 
period, compared to 20.5% in the first three-year peri-
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