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aBsTRacT
INTRODUCTION: Acute appendicitis (AA) remains a diagnos-
tic challenge as indicated  by the high rate of unnecessary 
surgery. Blood samples, primarily C-reactive protein (CRP) 
and leucocyte counts, are used as a diagnostic supplement 
despite their relatively low sensitivities and specificities. 
However, their influence on diagnostic decision-making has 
not previously been investigated. The aim of the present 
study was to investigate if the results of CRP and leucocytes 
had any positive or negative influence on the decision-mak-
ing of surgeons handling patients with suspected AA.
METHODS: This was a prospective, observational cohort 
study including patients (≥ 15 years of age) admitted on sus-
picion of AA. The surgeons were instructed to perform their 
physical examination and to register whether they found 
the patient more or less than 50% likely to have AA. There-
after, the surgeons had to assess the blood results and re-
evaluate their diagnosis. The surgeon’s diagnosis before and 
after was compared with the final diagnosis defined by sur-
gical findings or follow-up. The gold standard was any de-
gree of appendicitis on histology.
RESULTS: A total of 226 patients were included of whom 91 
(40.3%) had appendicitis on histology. The surgeons 
changed their diagnosis in nine cases after assessing blood 
samples. The changes in the proportion of correct diagno-
ses, sensitivity, specificity and predictive values after assess-
ing blood samples were not significant.
CONCLUSIONS: The results of CRP and leucocyte counts did 
not influence clinical decision-making.
FUNDING: Financial support was obtained from the Danish 
Council for Independent Research (Ref. no. 12-132020).
TRIAL REGISTRATION: Clinicaltrials.gov: NCT02304653.

Acute appendicitis (AA) is the most common abdominal 
surgical emergency [1]. It is predominantly a clinical 
diag nosis, but the diagnosis is not definitive until con-
firmed by surgery or histology. Albeit common, AA is a 
difficult diagnosis to make because the symptoms of AA 
vary greatly as reflected in a high negative laparoscopy 
rate [2-4]. Thus there is a need for diagnostic tests with 
a high sensitivity and specificity. Computed tomography 
(CT) has proven to be the most accurate test, but it is as-
sociated with radiation risks [5] which make its use less 
appropriate in a target population consisting mainly of 
children and adolescents [1]. Blood samples such as C-

reactive protein (CRP) and number of leucocytes have 
been investigated extensively; however, such samples 
have a disappointingly low diagnostic sensitivity and 
specificity in the 65-85% and 43-73% range, respectively 
[6-10]. Nevertheless, they are widely used in the diag-
nostic process. Many emergency departments (ED) have 
introduced standardised blood sample programmes for 
specific patient groups. CRP and leucocytes are among 
the blood samples taken in patients with suspected AA, 
but it has never been investigated whether this diagnos-
tic approach is beneficial or if it might, in fact, be mis-
leading. The primary aim of this study was to investigate 
whether the results of CRP and a leucocyte count in pe-
ripheral blood had any influence on the surgeon’s clin-
ical decision-making.

mEThOds
study design and setting
We carried out a prospective observational cohort study 
including patients (≥ 15 years of age) admitted to the ED 
at Odense University Hospital, Denmark, with suspected 
AA in the period from 1 February 2013 to 31 October 
2013. Suspected AA was defined as patients with a ten-
tative diagnosis of AA according to the referring general 
practitioner or attending surgeon.

study protocol
Upon arrival, the patients had a standardised blood sam-
ple drawn and were examined by a surgeon. According 
to hospital protocol, the examination should be per-
formed within 30 minutes after admission. Immediately 
after the physical examination, the surgeon had to indi-
cate on a registration form whether the patient was 
more or less than 50% likely to have AA. Furthermore, 
the surgeon’s primary action was registered. The results 
of the blood samples were available 1-2 hours later, and 
at that time the surgeon was asked to re-evaluate the 
likelihood of AA. All registrations were made during the 
patient’s stay in the ED and before operation. Registra-
tion forms were available in folders located in all offices 
used by the surgeons in the ED, and the surgeons were 
responsible for filling out and returning the finished 
regis tration forms. Precautions were taken to ensure 
that protocol was followed. Surgeons were thoroughly 
informed about the study and inclusion protocol, and a 
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one-week pilot study was performed. At the beginning 
of the inclusion period, information and instructions 
were emailed to all surgeons working in the ED. During 
the entire inclusion period, the registration process and 
the inclusion rate were controlled weekly, and any ne-
cessary reminders were either sent by email or handed 
out at the department’s morning meetings. 

The results of the blood samples were presented to 
the surgeons according to the hospital standard in an 
electronic database with standardised normal values 
from the local laboratory (3.50-8.80 × 109/l for leuco-
cytes, < 6 mg/l for CRP).

The patients were followed until discharge, at 
which time a final diagnosis was assigned to each pa-
tient. This final diagnosis was based on surgical and his-
tological findings in those who underwent surgery, and 
on the clinical course and result of additional investiga-
tion in those who were not operated. The non-operated 
patients had a 30-day follow-up where any hospital re-
admission was registered and evaluated. Finally, each 
patient included was classified into one of two groups: 
Patients with histology positive for any degree of AA 
were classified as “appendicitis” and all others as “not 
appendicitis”. This final diagnosis was compared with 
the surgeon’s diagnosis before and after assessing the 
blood samples.

Occasionally, the surgeon did not evaluate the 
blood samples, but acted based on clinical findings 
alone. These patients were excluded from the analyses 
unless the primary action was immediate operation on 
the indication of AA. If patients underwent surgery 
based on clinical findings alone, the clinical indications 
were considered strong enough to overrule any given 
blood result. These patients (n = 48) were therefore in-
cluded as “no change in diagnosis after assessing blood 
samples”. A diagnostic laparoscopy was performed in all 

patients referred to surgery. Additional exclusion criteria 
were: known cancer illness, pregnancy, inflammatory 
bowel disease, chronic hepatitis, duration of symptoms 
of more than seven days, if the results from blood sam-
ples were known before the physical examination and if 
a full anamnesis could not be obtained. Finally, patients 
were excluded if the surgeon chose radiologic examin-
ation before the blood samples were available because 
the result of the radiologic examination was expected to 
be a significant confounder. Patients undergoing radio-
logic examination after evaluation of the blood samples 
were included in the study. 

Patients could be included more than once if the 
time between admissions exceeded one week. If re-
admission happened within the same week, only the 
first admission was considered eligible. 

data analysis
The influence of the inflammatory markers in blood 
samples on clinical decision-making was evaluated by 
comparing the proportion of correct diagnoses before 
and after assessing blood samples using the exact  
McNemar’s test to compare paired proportions. 

A p-value below 0.05 was considered significant. 
Proportions were presented with 95% confidence inter-
vals (CI) based on a binomial distribution. Furthermore, 
sensitivity, specificity and predictive values of the sur-
geons’ diagnoses before and after assessing the results 
of the blood samples were calculated. As a secondary 
endpoint, the diagnostic accuracy of CRP and leucocyte 
counts were evaluated using receiver-operating charac-
teristics (ROC) curves. 

Ethics
The study was approved by the Danish data protection 
agency (Ref. no. 2008-58-0035). Treatment of the pa-
tients was according to standard; thus, patient consent 
was not required, which was confirmed by the National 
Committee on Health Research Ethics.

Trial registration: Clinicaltrials.gov: NCT02304653.

REsUlTs
During the recruitment period, two senior surgeons and 
20 surgical residents were involved in the evaluation of 
the patients. In total, 453 patients met the inclusion cri-
teria. Of these, 60.3% (n = 273) were included in the 
study and 226 were eligible for analysis (Figure 1). Four 
patients were included twice. Table 1 summarises base-
line information regarding eligible patients, patients  
included and those not included. Of the 226 eligible  
patients, 91 (40.3%) fulfilled the gold standard for ap-
pendicitis, and the most frequent diagnoses besides AA 
were “nonspecific abdominal pain”, (n = 102, 45.1%) and 

FiGURE 1

Flow chart describing inclusion of patients.

Patients not included
(n = 180)

Patients excluded 
from analysis (n = 47)

AA = acute appendicitis.

Patients admitted 
with suspicion of AA 

(n = 453)

Patients included
(n = 273)

Patients eligible for 
analyses (n = 226)
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ovarian pathology (n = 11, 4.9%). In total, 48 patients 
were included without having blood samples evaluated 
as the clinical findings alone were sufficient indication 
for diagnostic laparoscopy, and 47 of these patients  
underwent surgery. 

Comparing the proportion of correct diagnoses 
made by the surgeons before and after assessing the  
results from the blood samples showed no significant 
changes. Based on clinical findings alone, 76.1% (95% CI: 
70.0-81.5) of the diagnoses were correct, and this was 
only marginally improved to 78.3% (95% CI: 72.4-83.5) 
after taking into consideration the results of the blood 
samples (p = 0.1797). Table 2 summarises the diagnostic 
status before and after assessing the blood samples. The 
table shows that 4.0% (95% CI: 1.8-7.4, n = 9) of the 
diag noses were changed after assessing the blood re-
sults and 77.7% (95% CI: 40.0-97.2, n = 7) of these were 
changed from incorrect to correct diagnoses. 

Table 3 shows the sensitivity, specificity and pre-
dict ive values as well as the proportion of correctly diag-
nosed AA and not-AA before and after assessing the 
blood samples. Slight increases in sensitivity, specificity 
and predictive values were seen after assessing the 
blood samples, but the 95% CI intervals largely over-
lapped. ROC curves showed an area under the curve 
(AUC) of 0.7189 and 0.7514 for the different values of 
CRP and leucocyte counts, respectively.

discUssiOn 
The results of CRP and leucocyte counts had little influ-
ence on the surgeons’ clinical decision-making when  
diagnosing AA. Only a small proportion (4.0%) of the 
diag noses was changed after assessment of the blood 
results, which shows that the surgeons rely strongly on 
the physical examination and the patient’s history. We 
observed no significant change in the proportion of cor-
rect diagnoses from before to after, as well as no change 
in the sensitivity, specificity and predictive values of the 
surgeons’ diagnoses. This indicates that the blood sam-
ples did not contribute with additional diagnostic infor-
mation. However, on the other hand, they also had no 
negative influence on the decision concerning surgery 
for suspected acute appendicitis.

A study comparable to ours [11]  showed similar re-
sults, finding that the results of leucocyte counts only 
led to alterations in management in two out of 100  
cases. Furthermore, they found inconsistency in the clin-
ical diagnosis and the number of leucocytes in 39 cases. 
In 74% of those cases, the leucocyte count would have 
led to incorrect management if the results had informed 
the decision-making. More recent studies have focused 
on the sensitivity and specificity of CRP and leucocyte 
counts, and the results have been varied [6-10]. A recent 
meta-analysis found that the AUC for CRP and leuco-

cytes, respectively, were 0.75 and 0.72. This is similar to 
our findings, although we found a higher value for leuco-
cytes than for CRP [12].  

Decision-making is an important part of surgery. 
Yet, the process is not well understood. Surgeons con-
tinuously make subconscious as well as conscious deci-
sions with the primary goal of choosing the treatment 
that offers the greatest chance of success [13]. The deci-
sion-making process leading to appendectomy has been 
described by Larsson et al [14] as an interplay between 
two categories of influences – the medical assessment of 

TaBlE 1

Baseline demographics of patients suspected of acute appendicitis.

Eligible  
(n = 226)

included  
(n = 273)

not included  
(n = 180)

Age, yrs, median (25-75 percentile) 27 (21-42) 29 (21-44) 28.5 (20-44.5)
Symptom perioda, h, median (25-75 percentile) 24 (14-48) 28 (14-50) 24 (12-72)
Temperature, °C, median (25-75 percentile) 37.2  

(36.7-37.8)
37.2  
(36.7-37.8)

37.2  
(36.8-37.7)

Male, n (%) 85 (37.6) 97 (35.6) 58 (32.2)
Operated, n (%) 128 (56.6) 146 (53.7) 72 (40.0)
Diagnosed appendicitis, n (%) 91 (40.3) 102 (37.5) 49 (27.2)
Negative laparoscopyb, n (%) 37 (28.9) 44 (30.1) 23 (31.9)

a) Duration of symptoms at the time of the physical examination.  
b) Including normal appendices left in situ and normal histology results.

TaBlE 2

 

diagnosis after 
blood samples

diagnosis before blood samples correct incorrect Total
Correct 170   2 172
Incorrect      7 47   54
Total 177 49 226

Diagnostic status before 
and after assessing blood 
samples. The values are n.

TaBlE 3

 

Before after
Correct AA diagnosis 66.6b (57.1-75.3) 68.4d (59.1-76.8)
Correct non-AA diagnosis 85.2c (77.4-91.1) 88.4e (81.0-93.7)
Sensitivity 81.3 (71.8-88.7) 85.7 (76.8-92.2)
Specificity 72.6 (64.3-79.9) 73.3 (65.0-80.6)
Positive predictive valuea 66.7 (57.1-75.3) 68.4 (59.1-76.8)
Negative predictive valuea 85.2 (77.4-91.1) 88.4 (81.0-93.7)

AA = acute appendicitis; CI = confidence interval. 
a) Based on a population of patients suspected of AA with a prevalence 
of AA of 0.403. 
b) n = 74. 
c) n = 98. 
d) n = 78. 
e) n = 99.

Proportion of correct 
diag noses made by the 
surgeons and sensitivity, 
specificity and predictive 
values for acute appen-
dicitis before and after 
blood sample evaluation. 
The values are % (95% CI).
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the patient’s condition and contextual characteristics, 
such as working conditions in the department and the 
surgeon’s own experience. Laboratory tests were only 
one of many factors in the decision algorithm, and they 
were regarded as having only a low informational value. 
Jacklin et al evaluated surgical decision-making by iden-
tifying the different steps in the handling of symptom-
atic gallstones [15]. This model involved aspects similar 
to those in the above-mentioned model for AA, and the 
model also showed that personal experience and intu-
ition play a great role in surgical decision-making. In gen-
eral, the available literature offers no unique answer as 
to how decision-making in surgery is carried out. How-
ever, one important factor seems to be the surgeon’s 
own experience and interpretation of the symptoms. 
This is consistent with our findings where the surgeon’s 
decision based on the physical examination and patient 
history was not influenced by laboratory findings. 
Furthermore, the complex decision pathway combined 
with varying symptoms in AA and individual interpreta-
tion explains why it is so challenging to make the correct 
diagnosis.  

In total, 60.3% of the eligible patients were includ-
ed. A larger proportion of the included patients were  
diagnosed with AA compared to the non-included pa-
tients. This may be explained by less severe symptoms 
among non-included patients. This was not registered 
and is a possible confounder. Therefore, the present  
results have to be interpreted with this in mind. Apart 
from this, the two groups of patients were similar. In the 
group of patient included as “no change” without blood 
sample evaluation, 47 out of 48 patients underwent sur-
gery as planned. We therefore assume that blood sam-
ples would not have altered the clinical decision. A limi-
tation of the present study design is that it was not 
possible to fully control whether the surgeons per-
formed the physical examination before assessing the 
blood samples. A randomised design or controlling the 
viewing of the blood samples would have strengthened 
the results, but this was not possible due to ethical and 
logistic considerations. As described in the Method sec-
tion, several precautions were taken to ensure that pro-

tocol was followed, and we found no indications of pro-
tocol violation. Another unknown factor was that the 
time between the physical examination and assessment 
of the blood results varied between cases; this could 
have been a confounder as the surgeon might gain infor-
mation from a prolonged observation time. We have no 
information on the influence of the specific results of 
the blood samples on differential diagnoses.

 AA is a difficult diagnosis as 28.9% of the patients 
operated on suspicion of AA had normal findings, and  
alternative diagnostic tools are still warranted for this 
most common condition. Routine measurement of con-
ventional inflammatory markers is not the answer when 
diagnosing patients suspected of AA. Most importantly, 
the results of inflammatory markers do not seem to lead 
to harmful treatment of the patients.
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