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Abstract

Background: Appendicectomy is a common emergency operation. The aim of this analysis was to study the effect of preoperative delay
on disease progression, and whether a novel scoring system (Atema score) could be useful in predicting complicated appendicitis.
Methods: Patients with uncomplicated acute appendicitis on CT and who underwent appendicectomy in 2014-2015 were analysed
for patient characteristics, preoperative delay and outcomes.

Results: Of 837 patients with uncomplicated appendicitis on CT, 187 (22.3 per cent) were found to have complicated appendicitis at
surgery. The median time estimate for perforation was 25.4 h after CT, with an hourly rate of perforation of 2 per cent. Patients with

an Atema score of 6 or less and those with no appendicolith on CT and a C-reactive protein level below 51 mg/l were the slowest to
develop perforation, reaching a perforation rate of 5 per cent in 7.1 and 7.6 h respectively.

Conclusion: A substantial proportion of patients with uncomplicated acute appendicitis on CT have complicated appendicitis at sur-

gery. However, in patients with no risk factors, surgery can be postponed safely for up to 7 h.

Introduction

When simple appendicitis proceeds to perforation, the prognosis
worsens significantly, predisposing the patient to a prolonged hos-
pital stay, use of broad-spectrum antibiotics, and increased morbid-
ity. Traditionally, early appendicectomy has been accepted as the
optimal approach to prevent perforation, and a low level of perfora-
tion in an institution has been viewed as a sign of high-quality care,
based on an assumption that the in-hospital delay from admission
to operation influences the incidence of perforation.

It is widely recognized that increasing delay from the onset of
symptoms to operation leads to a higher incidence of perfora-
tion', and that most perforations have already occurred by the
time the patient arrives at the hospital®>®. A meta-analysis’ of
152 314 patients concluded that delaying appendicectomy for
presumed uncomplicated appendicitis for up to 24 h does not in-
crease the risk of complicated appendicitis, surgical-site infection
or morbidity. In contrast, it was found that in children with un-
complicated appendicitis on CT a delay of more than 9 h from CT
to surgery resulted in a 6-fold increase in perforation compared
with a shorter delay®. As non-operative treatment of uncompli-
cated appendicitis has increased in popularity, the accuracy of
CT in differentiating uncomplicated from complicated appendici-
tis has become an important guide to management”'®. The only
available meta-analysis'’ found 10 informative CT features, nine
of which showed high specificity but low sensitivity, making
them unsafe in determining which patients might be treated con-
servatively. In 2015, Atema and colleagues® published a scoring

system (referred to here as the Atema score) to calculate the
probability of complicated appendicitis according to clinical as-
sessment, laboratory parameters, and features on either ultra-
sound imaging or CT, in the hope that this might prove more
reliable in predicting complicated appendicitis than CT alone.

The aim of the present study was to investigate the length of
time for which adults with uncomplicated acute appendicitis on
CT might safely wait for their operation without risk of perfora-
tion, and whether the Atema score could provide additional value
for these patients.

Methods

This was an observational cohort study performed in two major
abdominal surgery departments at Helsinki University Hospital.
The study was approved by the institutional review board (refer-
ence number 9/2016).

All patients aged 18 years or above with Nordic Medico-
Statistical Committee (NOMESCO) classification codes JEAOO or
JEAO1 and a diagnosis of acute appendicitis (ICD-10 code K35.X)
presenting between January 2014 and December 2015 were iden-
tified from an electronic database of surgical operations. Hospital
records of these patients were examined manually. Data regard-
ing demographics, laboratory parameters, vital signs, clinical sta-
tus, CT findings, preoperative and postoperative antibiotic
treatments, intraoperative findings, histopathological findings,
length of symptoms, length of time between CT and operation,
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length of stay and postoperative complications were obtained
from electronic patient records.

Abdominal CT was performed with intravenous contrast.
Several different multidetector CT devices were used, partly be-
cause some patients had already been scanned before arriving at
the operating hospital. Images were not reanalysed for this study,
although special attention was paid to terms indicative of perfo-
ration or abscess.

The Atema score was calculated for each patient; scoring
points are shown in Table 1. The maximum score is 22 points; the
higher the score, the greater the probability of complicated ap-
pendicitis, and a score of 0-6 is considered indicative of uncom-
plicated appendicitis.

In the present study, uncomplicated appendicitis was defined
as simple or gangrenous without perforation, similar to
American Association for the Surgery of Trauma (AAST) grades I

Table 1 The Atema score for clinical and CT features

Points scored

Age > 45 years 2
Body temperature (°C)

<37.0

37.1-37.9

>38.0
Duration of symptoms > 48 h
WBC count > 13x10%/1
C-reactive protein (mg/l)

<50

51-100

>100
Extraluminal free air on CT
Periappendiceal fluid on CT
Appendicolith on CT
Maximum score

NN BN O

NN UTwN O

N
N

‘WBC, white blood cell.

Patients aged 18 years or above
undergoing appendicectomy with a
diagnosis of acute appendicitis
(ICD-10 code K35.X) in 2014-2015
n=2133

and I1**. Appendicitis with perforation or abscess formation was
defined as complicated appendicitis (AAST grades III- V).
Additional appendicular conditions such as benign or malignant
tumours did not affect this categorization. Pre-CT delay was de-
fined as the time from the symptom onset to CT. Preoperative de-
lay was defined as the time from CT to surgery. The total time
delay is the combination of these two time intervals.
Postoperative complications occurring during the 30-day period
after operation were recorded and categorized using the Clavien-
Dindo classification.

Statistical analysis

Categorical risk factors for complicated appendicitis were ana-
lysed; the %° test was performed, and odds ratios (ORs) with 95
per cent c.i. were calculated. For continuous variables, a receiver
operating characteristic (ROC) curve analysis was performed, the
area under ROC curve (AUROC) with 95 per cent c.i. was reported,
and P values were obtained using the Mann-Whitney U test.

The impact of the preoperative delay on complications was
determined by using the Kaplan-Meier analysis. The time of the
start of the operation was used to represent the time of perfora-
tion, because the exact time of perforation was impossible to
know. After categorizing patients according to different risk fac-
tors, Kaplan-Meier analysis with the log rank pairwise compari-
son test was used. A multivariable analysis was undertaken
using the Cox regression model to assess the effect of different
risk factors on complications during the preoperative delay.
Statistical analysis was done with SPSS® Statistics version 25
(IBM, Armonk, NY, USA).

Results

Of 2133 patients operated on for acute appendicitis, 1009 who did
not undergo CT and 199 who had complicated appendicitis diag-
nosed by CT were excluded. Of the remainder, a further 88

Excluded n=1296
CT not performed n=1009
Complicated appendicitis on CT n=199
Normal CT scan n=11
Other pathology seen on CT (no appendicitis) n=6
No contrast used in CT n=38
Normal appendix on histopathological
examination n=7
Other pathology on histopathological
examination (no appendicitis) n=11
Patient treated for other major abdominal
illness n=1
Body temperature not recorded in emergency
room n=12
Start of symptoms not determined owing to
dementia n=2

A 4

Patients included in the study
n=837

Fig. 1 Flow diagram of patient inclusion in the study
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Table 2 Basic demographics and risk factors for complicated appendicitis

Uncomplicated Complicated AUROCT Odds ratio” P
appendicitis appendicitis
(n=650) (n=187)
Age (years)* 44 (33-56) 55 (41-67) 0.655 (0.610, 0.700) <0.0017
Age 45 years or more 321 (49.4) 131 (70.1) 2.40 (1.69, 3.40) <0.001
Male sex 314 (48.3) 88 (47.1) 0.95 (0.69, 1.32) 0.763
Laparoscopic surgery 542 (83.4) 143 (76.5) 0.65 (0.44, 0.96) 0.031
Pre-CT delay (h)* 28.7 (16.5-45.4) 38.6 (24.6-58.2) 0.632 (0.586, 0.678) <0.0017
Preoperative delay (h)* 9.3 (5.5-14.2) 7.8 (4.8-12.9) 0.446 (0.400, 0.493) 0.0261
Total delay (h)* 38.7 (27.1-55.7) 50.6 (34.3-69.8) 0.620 (0.574, 0.667) <0.0017
Pre-CT delay over 48 h 154 (23.7) 81 (43.3) 2.46 (1.75, 3.46) <0.001
Appendicolith on CT 159 (24.5) 93 (49.7) 3.06 (2.18, 4.28) <0.001
Periappendiceal fluid on CT 40 (6.2) 32(17.1) 3.15(1.92, 5.18) <0.001
Extraluminal air on CT 5(0.8) 6(3.2) 428 (1.29, 14.17) 0.010
Any risk factort on CT 188 (28.9) 112 (59.9) 3.67 (2.62,5.15) <0.001
No risk factorf on CT 462 (71.1) 75 (40.1) 0.27 (0.18, 0.38) <0.001
WBC count (10%/)* 12.0 (9.1-14.7) 12,6 (9.8-15.8) 0.559 (0.512, 0.607) 0.013"
WBC count >13x10%/1 256 (39.4) 89 (47.6) 1.40 (1.01, 1.94) 0.044
CRP (mg/l)* 35 (9-79) 78 (37-158) 0.696 (0.653, 0.739) <0.0011
CRP >50 mg/l 267 (41.1) 123 (65.8) 2.76 (1.96, 3.87) <0.001
CRP >100 mg/L 105 (16.2) 80 (42.8) 3.88(2.72, 5.55) <0.001
Body temperature (°C)* 37.1(36.7-37.5) 37.5 (37.1-38.0) 0.687 (0.643, 0.731) <0.0017
Body temperature >37.0°C 342 (52.6) 141 (75.4) 2.76 (1.91, 3.98) <0.001
Body temperature >38.0°C 64 (9.8) 56 (29.9) 3.91(2.61,5.87) <0.001
Atema score* 4(4-7) 9 (6-11) 0.775 (0.736, 0.814) <0.001"
Atema score >6 183 (28.2) 129 (69.0) 5.68 (3.98, 8.09) <0.001
Antibiotics started before en- 396 (60.9) 155 (82.9) 3.11 (2.06, 4.69) <0.001
tering theatre
Antibiotics administered >2h 369 (56.8) 138 (73.8) 2.15 (1.50, 3.08) <0.001
before surgery
Time from CT to first antibi- 3.3 (1.8-6.6) 2.2(0.3-4.4) 0.374(0.327,0.422) <0.0017
otic dose (h)*
Time from first antibiotic dose 4.0 (0.0-10.0) 4.4 (1.8-9.5) 0.552 (0.509, 0.595) 0.0271
to surgery (h)*
Proportion of time from start 56.6 (0-82.3) 71.4 (37.3-93.0) 0.627 (0.582, 0.672) <0.0017
of antibiotics to surgery
from preoperative delay (%)*
Transfer from another hospi- 124 (19.1) 31(16.6) 0.843 (0.547, 1.299) 0.4381

tal for surgery

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.); fvalues in parentheses are 95 per cent confidence intervals.
*Appendicolith, periappendiceal fluid or extraluminal air. AUROC, area under receiver operating characteristic (ROC) curve; WBC, white blood cell; CRP, C-reactive

protein. SPearson’s ¥ test, except "Mann-Whitney U test.

patients were excluded for the reasons shown in Fig. 1, leaving a
total of 837 patients with uncomplicated appendicitis on CT who
subsequently underwent appendicectomy with a diagnosis of ap-
pendicitis. Some 685 patients (81.8 per cent) were operated on
laparoscopically.

There were 402 men (48.0 per cent) and 435 women (52.0 per
cent). The median age was 47 (i.q.r. 33-60) years. All 837 patients
were considered to have uncomplicated appendicitis according
to the CT findings. At operation, 187 patients (22.3 per cent)
had complicated appendicitis. Of 537 patients with no risk factors
on CT, 75 (14.0 per cent) had complicated appendicitis.
Demographics and risk factors for perforation are shown in Table
2. All risk factors included in the Atema score were associated
with complicated appendicitis. An Atema score greater than 6
was best at differentiating uncomplicated and complicated ap-
pendicitis, although the sensitivity for complicated appendicitis
was only 69.0 (95 per cent c.i. 65.9 to 72.3) per cent and specificity
was 71.8 (68.8 to 75.0) per cent.

Median pre-CT delay, preoperative delay and total delay was
30.1 (i.q.r. 17.5-50.7) h, 8.8 (5.4-13.9) h and 42.2 (28.4-60.0) h re-
spectively. The delay from symptom onset to surgery was signifi-
cantly longer in patients with complicated appendicitis. In
contrast, the time interval from CT to operation was shorter in
patients with complicated appendicitis. A number of risk factors

were associated with perforation and with a shorter delay to op-
eration (Table S1).

The median time estimate for perforation was 25.4 (95 per
cent c.i. 21.1 to 29.7) h after CT (Fig. 2a). When patients were cate-
gorized according to the Atema score, the perforation rate was
significantly lower in patients with a low Atema score (Fig. 2b).
Patients with a C-reactive protein (CRP) level of 100 mg/! or less
(Fig. 2c) and patients without an appendicolith on CT (Fig. 2d) had
significantly reduced perforation rates.

Kaplan-Meier analysis provided estimations of the preopera-
tive delay for different proportions of complicated appendicitis.
Table 3 shows time intervals for 5, 25 and 50 per cent rate esti-
mates of complicated appendicitis. Patients with an Atema score
of 6 or less, and those with an appendicolith on CT and a CRP
level below 51 mg/l were slowest to develop perforation, reaching
a perforation rate of 5 per cent in 7.1 and 7.6 h respectively.

Cox regression analysis showed that age over 60 years, pre-
CT delay greater than 48 h, body temperature of 38.0°C or
above, white blood cell count over 13x10%/1, CRP concentration
above 100 mg/l, periappendiceal fluid on CT, and appendicolith
on CT were all independently associated with complicated ap-
pendicitis (Table 4). Increasing delay of antibiotic administra-
tion after CT had a lower hazard of developing complicated
appendicitis.
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Fig. 2 Kaplan-Meier one minus survival curves estimating the rate of complicated appendicitis

a All patients; b patients according to Atema score 0-6 or 7-22; ¢ patients divided according to C-reactive protein (CRP) level of 0-50, 51-100 or more than 100 mg/1; d
patients with or without appendicolith on CT. b P<0.001; ¢ P<0.001 (CRP >100 versus CRP 0-50 and CRP 51-100), P=0.044 (CRP 050 versus CRP 51-100); d P<0.001 (log

rank test).

Of a total of 837 patients with uncomplicated appendicitis diagnosed on CT, 187 (22.3 per cent) were found to have complicated appendicitis at surgery. The median
time estimate for perforation was 25.4 h after CT, with an hourly rate of perforation of 2 per cent. Patients with low Atema score, low C-reactive protein level and no

appendicolith had lower perforation rates.

Patients with complicated appendicitis had a longer hospital
stay after surgery: mean difference 2 days and 14 h (95 per cent c.i.
2 days 5 h to 3 days 0 h) (P<0.001). Patients operated on
for complicated appendicitis had more frequent complications than
those who had surgery for uncomplicated appendicitis (Table 5).

Discussion

This study has shown that patients with uncomplicated appendi-
citis on CT have a substantial risk of being diagnosed with com-
plicated appendicitis at surgery. Although appendicolith,
periappendiceal fluid and extraluminal air are CT features asso-
ciated with a greater probability of complicated disease'’, even in
the absence of these risk factors the rate of complicated appendi-
citis was high (14.0 per cent). The limitations of CT in discrimi-
nating complicated appendicitis from uncomplicated disease
have been identified previously®. A recent study® with similar
design to the present study found that 12 per cent of patients had
an intraoperative diagnosis of complicated appendicitis after un-
complicated appendicitis had been diagnosed on preoperative
CT. A more accurate identification of patients with uncompli-
cated appendicitis is possible by excluding patients with appendi-
colith on CT™.

The Atema score was designed to identify patients with com-
plicated appendicitis, taking into account the CT appearances
along with clinical and laboratory findings. This study provides
some external validation of this score. Unfortunately, in discrimi-
nating uncomplicated from complicated appendicitis, the overall
sensitivity of the Atema score was only 69.0 per cent, indicating
that it is not accurate enough to rule out complicated appendici-
tis in clinical practice. The Atema score might be a useful a tool
for the surgeon to decide on the urgency of operation for a spe-
cific patient.

A number of studies’™'®' have shown that increasing the
time from symptom onset is associated with an increasing
proportion of complicated appendicitis. Conflicting results
have been found, however, regarding the impact of in-hospital
delay® 18192021 ‘Inevitably, observational studies have a risk of
selection bias influencing in-hospital delay. Patients with more
severe pain® or those with several risk factors®" are usually oper-
ated on earlier, as was the case in the present series. A prospec-
tive study'® of 171 patients showed that only the total delay from
the start of the symptoms to surgery correlated with the propor-
tion of complicated appendicitis, whereas hospital delay did not.
In the present study, analyses to estimate the risk of developing
perforation after uncomplicated appendicitis on CT indicated
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Table 3 Estimated preoperative delay until proportion with complicated appendicitis reached 5, 25 and 50 per cent, and perforation

rate of appendicitis per h according to Kaplan-Meier analysis

n Estimated preoperative delay (h)

Perforation rate (% per h)

5% complicated

25% complicated

50% complicated

appendicitis appendicitis appendicitis
All patients 837 4.4 12.9 254 2
Atema score <6 403 7.1 21.7 - 1
Atema score >6 434 3.1 7.3 13.7 3
CRP 0-50 mg/1 447 6.8 17.7 26.7 1
CRP 51-100 mg/1 205 4.0 14.0 24.6 2
CRP >100 mg/1 185 3.1 7.1 12.2 3
Appendicolith on CT 252 3.2 7.8 15.3 3
Appendicolith on CT 61 2.7 43 8.0 6
and CRP >100 mg/1
No appendicolith on 585 5.6 17.7 26.7 2
CT
No appendicolith on 461 6.9 19.5 - 1
CT and CRP
<100 mg/1
No appendicolith on 305 7.6 19.2 - 1
CT and CRP
<50 mg/1

CRP, C-reactive protein.

Table 4 Cox regression analysis of risk factors for complicated
appendicitis

Hazard ratio P
Age (years)
<45 1.00 (reference) 0.004
45-60 1.45 0.055
(0.99, 2.12)
>60 1.85 0.001
(1.28, 2.66)
Pre-CT delay (h)*
<24 1.00 (reference)  <0.001
24-48 0.97 0.877
(0.63, 1.48)
>48 2.05 0.001
(1.32, 3.20)
Body temperature (°C)
<37.0 1.00 (reference)  <0.001
37.1-37.9 151 0.029
(1.04, 2.20)
>38.0 2.38 <0.001
(1.56, 3.65)
WBC count > 13x10°/1 1.40 0.030
(1.03, 1.88)
C-reactive protein (mg/l)
<50 1.00 (reference) 0.021
51-100 1.15 0.526
(0.75,1.75)
>100 1.75 0.009
(1.14, 2.67)
Extraluminal free air on CT 1.47 0.398
(0.60, 3.56)
Periappendiceal fluid on CT 2.11 <0.001
(1.39, 3.19)
Appendicolith on CT 271 <0.001
(2.01, 3.64)
Time from CT to antibiotics started (h) 0.94 <0.001
(0.90, 0.97)

Values in parentheses are 95 per cent confidence intervals. *Pre-CT delay is
time from CT to start of operation; time to event is time from CT to surgery.
WBC, white blood cell.

that delaying appendicectomy in patients with uncomplicated
appendicitis on CT may be harmful, and every 1 h of delay in-
creased the risk of perforation by 2 per cent. However, in patients
with a low Atema score or low CRP concentration without

appendicolith on CT, a delay of up to 7 h was still associated with
only a 5 per cent rate of perforation, indicating that a
distinct subset of patients can be identified, if case prioritization
is necessary.

Among patients with minor to moderate symptoms of acute ap-
pendicitis, antibiotics are usually started during induction of anaes-
thesia. When symptoms are more severe or when surgery is
significantly delayed for some reason, clinicians often start antimicro-
bial therapy sooner. Studies”'° investigating non-operative treatment
of appendicitis rely on antibiotics as an altermative to surgery. In the
present study, the use of preoperative antibiotics was more common
and prolonged among patients who had a final diagnosis of compli-
cated appendicitis. This casts doubt about the ability of antibiotics to
prevent perforation in acute appendicitis.*

In the present study, the Atema score with clinical, laboratory
and CT features did not reach the sensitivity (90.2 per cent)
reported in the original publication®? for discriminating compli-
cated from uncomplicated appendicitis. There may be a number
of reasons for this. The present study excluded patients consid-
ered to have complicated appendicitis according to the radiology
report. Gangrenous non-perforated appendicitis was considered
uncomplicated in this study, in contrast to the original publica-
tion. In the present study, patients had a fairly long (over 8 h) me-
dian preoperative delay after CT, which might explain the worse
results; unfortunately the duration of in-hospital delay was not
provided in the original publication.

This study has other limitations. Although the sample size was
large, it does not represent consecutive patients with appendicitis, be-
cause nearly half of the patients did not have preoperative CT. As the
study hospitals used the Adult Appendicitis Score in selecting patients
for imaging studies, many patients would be those presenting with
equivocal findings on clinical examination.”** Owing to the retro-
spective nature of the study, the scores were not recorded and avail-
able in all patients. There is also a possibility that some patients may
have had complicated appendicitis at baseline, not diagnosed by CT.
The exact time of perforation was not possible to measure, so the
time of perforation was set to the beginning of the surgery. This may
represent systematic bias, overestimating the time from CT to perfo-
ration. Despite these limitations, patients with uncomplicated appen-
dicitis on CT have a substantial risk of complicated disease by the
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Table 5 Postoperative outcomes

Uncomplicated appendicitis Complicated appendicitis Odds ratio” P*
(n=650) (n=187)
Length of postoperative hospital 1.08 (0.75-1.55) 3.56 (2.14-5.13) <0.0018
stay (days)*
Length of postoperative antibi- 0.50 (0.50-1.09) 10.11 (8.32-12.08) <0.0018

otic treatment (days)*

Clavien-Dindo grade at 30 days

No complications 612 (94.2)
I 6(0.9)
1 25 (3.8)
11 7 (1.1)
v 0(0)
\Y 0(0)
Surgical-site infection

None 629 (96.8)
Superficial 8(1.2)
Deep 0 (0)
Organ space 13 (2.0)

160 (85.6) 0.37 (0.22, 0.62) <0.001
(4 3) 4.80 (1.64, 14.00) 0.002
10 (5.3) 1.41 (0.67, 3.00) 0.366
7(3.7) 3.57 (1.24, 10.32) 0.012
2(1.2) - 0.008
0(0) - -

174 (93.0) 0.45 (0.22, 0.91) 0.023

5(2.7) 2.21(0.71, 6.82) 0.160
1(0.5) 0.22 (0.20, 0.25) 0.062
7(3.7) 1.91(0.75, 4.85) 0.169

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.); 'values in parentheses are 95 per cent confidence intervals. *Pearson’s

X

test, except SMann-Whitney U test.

time of surgery, if this is delayed. A delay of up to 7 h may be safe in
patients with a low Atema score or in those with a low CRP concen-
tration and no appendicolith on CT.
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