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The importance of specific elements in the clinical diagnosis of appendicitis is controversial.
This review analyses the diagnostic value of elements of disease history, clinical findings and laboratory
test results in suspected appendicitis.

A systematic Medline search was made of all published studies on the clinical and laboratory
diagnosis of appendicitis in patients admitted to hospital with suspected disease. Meta-analyses of
receiver—operator characteristic (ROC) areas, and positive and negative likelihood ratios, of 28 diagnostic
variables described in 24 studies are presented.

Inflammatory response variables (granulocyte count, proportion of polymorphonuclear blood
cells, white blood cell count and C-reactive protein concentration), descriptors of peritoneal irritation
(rebound and percussion tenderness, guarding and rigidity) and migration of pain were the strongest
discriminators, with ROC areas of 0-78 to 0-68. The discriminatory power of the inflammatory variables
was particularly strong for perforated appendicitis, with ROC areas of 0-85 to 0-87. Appendicitis was
likely when two or more inflammatory variables were increased and unlikely when all were normal.

Although all clinical and laboratory variables are weak discriminators individually, they
achieve a high discriminatory power when combined. Laboratory examination of the inflammatory
response, clinical descriptors of peritoneal irritation, and a history of migration of pain yield the most

important diagnostic information and should be included in any diagnostic assessment.
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The decision to explore a patient with suspected
appendicitis is based mainly on the disease history
and the findings at physical examination. The clinical
presentation is, however, seldom typical and diagnostic
errors are common' 3. New diagnostic techniques, such
as computer-aided diagnosis, diagnostic scoring systems,
peritoneal aspiration cytology, diagnostic laparoscopy,
leucocyte scintigraphy, ultrasonography and computed
tomography, are expensive and not widely available at
all times of the day and night. Furthermore, their
reportedly good results have not always been reproduced
under everyday conditions. Clinical diagnosis therefore
remains the cornerstone of management!. A thorough
clinical examination, including rectal palpation, is often
stressed as an essential part of diagnosis, with laboratory
examinations commonly thought of as less important
because of their putative discriminatory capacity®’~5.
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However, the diagnostic usefulness of the clinical signs
has seldom been assessed and compared with that of their
laboratory counterparts.

The diagnostic value of clinical signs, symptoms and
laboratory tests is influenced by the incidence of the
disease under study and by the spectrum of diseases in
the study population®. For instance, the diagnostic value
of C-reactive protein (CRP) concentration in appendicitis
is much greater for patients admitted to hospital with
suspected appendicitis than for those submitted to surgery
because of clinically suspected appendicitis!®. The selection
of the study population is, therefore, important when
assessing the diagnostic value of any variable. A variable’s
diagnostic performance is best evaluated in the population
on which it is intended to be used. The most crucial
point in the management of patients with appendicitis
is the decision about which patients need operation.
The appropriate population for the study of the clinical
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diagnosis of appendicitis is, therefore, patients admitted
to hospital with a clinical suspicion of the disease. This
review examines the diagnostic value of elements of disease
history, symptoms, clinical signs and simple laboratory
tests, as obtained from studies of patients admitted to
hospital with suspected appendicitis.

A Medline search was conducted on 1 June 2003
using the following strategy: “Appendicitis”[MESH] AND
(“Signs and Symptoms”[MESH] OR “Physical examina-
tion”[MESH] OR ‘“Laboratory Techniques and Proce-
dures”[MESH] OR “Diagnostic Tests, Routine”[MESH]
OR “Medical History Taking”[MESH] OR “Leuko-
cytes”[MESH] OR “Acute-Phase Proteins”[MESH] OR
“Skin temperature”[MESH] OR “Sensitivity and Speci-
ficity”[MESH]) NOT “Letter”[Publication Type] NOT
“Case Report”[MESH]. Along with the Medline search,
the list of references in identified studies and the author’s
own personal file maintained over 10 years of constant
screening of the literature were searched for additional
eligible studies.

Only studies based on patients admitted to hospital
for suspected appendicitis were eligible. Studies based
on unselected patients with abdominal pain, patients
submitted to surgery for suspected appendicitis, or
comparisons of patients with verified appendicitis with
healthy controls were not eligible. Only results presented
in such a way that the likelihood ratios and/or areas
under the receiver—operator characteristic (ROC) curve
could be calculated were included. Papers written in
English, German, French, Italian, Spanish, Portuguese or
the Scandinavian languages were considered for inclusion;
those that included only children were not.

Excluded studies

The Medline search yielded 1728 citations. The majority
of these had no relevance to the clinical diagnosis of
appendicitis, or were reviews of other studies. About
240 studies presented original data relating to the
clinical diagnosis of appendicitis. Fifty-four studies of the
diagnosis of appendicitis in patients admitted for suspected
appendicitis were identified; 30 of these were not selected
for analysis because they included only children!!~22,
the results were presented in a way that did not permit
extraction of data for analysis'®?* =32 the presented results
were inconsistent’*:**, patients with other diagnoses found
at exploration (but not requiring surgical treatment) were
included among those with appendicitis®’, non-consecutive
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patients were selected at convenience’®?’ or unusual

variables were included that were not analysed by any other
study (caecal squelch, continuous tenderness on prolonged
pressure over McBurney’s point and the value of repeat
examination)’3~40,

‘Gold standard’ and quality criteria

Histopathological diagnosis is usually regarded as the
‘gold standard’, but this is an imperfect situation for two
reasons. First, there are no universally accepted criteria
for the histopathological diagnosis of appendicitis and,
second, histopathological examination of the appendix is
not available for non-operated patients.

Mucosal inflammation, which is seen in up to 30 per cent
of patients without appendicitis, is accepted by some as
a sign of early disease, but others require a transmural
inflammation for the diagnosis*'. Non-operated patients
who do not develop appendicitis during follow-up are
assumed not to have had appendicitis, but epidemiological
studies, and ultrasonography and computed tomography,
suggest that spontaneous resolution is common*~#.
Differences in the range of indications for surgical
exploration and in the histopathological criteria for
appendicitis may, therefore, influence the number of
patients with resolving appendicitis who are detected,
and the number of patients without appendicitis who
are misclassified because of minor microscopic findings.
This may lead to seriously biased results. Advanced
appendicitis with gangrene or perforation necessitates
more urgent surgical treatment, has a clearer definition
and is less likely to be undetected because of spontaneous
resolution. The diagnostic performance of a variable
in advanced appendicitis is therefore less likely to be
biased.

Criteria for the histopathological diagnosis and the
range of indications for surgery, as shown by the
proportion of negative explorations and perforations,
should be considered in the evaluation of study results.
The diagnostic performance of a variable in advanced
appendicitis should be presented separately.

Extraction of data

Information extracted from articles was used to construct
two by two tables describing the presence of the diagnosis
of appendicitis and the variable. For studies that presented
data with more than one cutoft point, the corresponding
two by ‘n’ tables were extracted. For studies that presented
only sensitivity and specificity, the required values were
calculated from these figures and from the total number of
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patients with and without appendicitis. For some studies
the data were extracted from diagrams.

Outcome variables

Areas under the ROC curves and likelihood ratios were
used to describe the diagnostic performance of a variable.
These measures are better suited to describing and
comparing the performance of weak diagnostic variables
than sensitivity and specificity. The ROC curve is the
plot of the proportions of true positive versus true
negative results for each value of the study variable.
The area under this curve represents the variable’s
discriminatory power. An area of 0-50 represents a variable
with no discriminatory capacity, and an area of 1-00
indicates a perfect discriminator. For ordinal or continuous
variables all the presented data were used to calculate
the area. The area under the ROC curve was calculated
using a non-parametric method for each variable and
study®.

Likelihood ratios express the predictive power of
a variable; this may be high even when the overall
discriminatory power is low. The likelihood ratio of a
positive test result (LR") indicates how much a positive
result will increase the odds of appendicitis compared
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with the pretest odds. The likelihood ratio of a negative
test result (LR™) indicates the decrease in the odds of
appendicitis that is associated with a negative result.
Normally a LR* of more than 10 and a LR~ of less
than 0-01 are required for a true diagnostic test.

When appropriate, the likelihood ratios were calculated
for different cutoff points. Some studies present the results
of a combination of variables. When the variables are
combined with Boolean ‘AND’ and ‘OR’, it is possible to
define three diagnostic levels representing none, at least
one, or all of the variables present. For these situations
multilevel likelihood ratios were calculated*®. Multilevel
likelihood ratios describe the change in the odds of disease
at the observed level of the test result.

The weighted pooled estimates of the ROC areas and the
likelihood ratios were calculated. The confidence intervals
were calculated according to a fixed or a random-effects
model, depending on the result of the homogeneity test.
Only data with the same definitions or cutoff points were
pooled, except for some cases where the difference was
judged to have no clinical importance. Some studies looked
at variables that were not analysed in any other study; this
review was limited to variables that were presented in more
than one study.

Table 1 Studies analysing the clinical and laboratory diagnosis of appendicitis in patients with suspected appendicitis

No. of
Reference Year patients
Albu et al.*” 1994 56
Alshehri et al.*® 1995 123
Andersson et al.*® 1999 496
Bjoérkstén and Wahlby®° 1974 95
Bolton et al.%' 1975 100
Davies et al.5? 1991 60
Davies et al.5® 1993 100
Dixon et al.>* 1991 1204
Dueholm et al.5® 1989 204
Emery et al.® 1994 86
Erkasap et al.” 2000 102
Feny® et al.%8 1997 1167
Gil et al.%° 2000 109
Golledge et al.%° 1996 100
Hallan et a/.5"62 1997 257
Izbicki et al.8® 1992 150
Jahn et al.? 1997 222
John et al.%% 1993 111
Middleton et al.%® 1996 118
Miskowiak and Burcharth®” 1982 312
Raftery5® 1976 175
Sendenaa et al.®® 1992 158
Thimsen et al.”® 1989 70
van Dieijen-Visser et al.32 1991 258

Negative
Appendicitis Perforation* explorationt
26 (46-4) 6 (23:1) 4 of 30 (13-3)
66 (53.7) — —

194 (39:1) 28 (14-4) 59 of 302 (19-5)
44 (46-3) 20 (45-5)% 17 of 51 (33-3)
46 (46-0) 8(17-4) 5 of 54 (9-3)

31 (51.7) — 6 of 29 (20-7)
42 (42-0) — 18 of 58 (31-0)

449 (37-3) - -

59 (28-9) 8(13:6) 38 of 145 (26-2)
23 (26:7) - 8 of 63 (12.7)
49 (48.0) 10 (20-4) 6 of 53 (11-3)

392 (33:6) 65 (16:6) 83 of 775 (10-7)
32 (29-4) 3(9:4) 4 0of 77 (5-2)

44 (44-0) — 14 of 56 (25.0)
98 (38-1) 25 (25:5) 22 of 159 (13-8)
54 (36-0) 2(3.7) 26 of 96 (27-1)
94 (42-3) 15 (16.0) 54 of 128 (42-2)
55 (49-5) 11 (20.0) 8 of 56 (14-3)
63 (53-4) - 16 of 55 (29-1)

100 (32-1) — 67 of 212 (31.6)

106 (60-6) - 26 of 69 (37-7)
62 (39-2) — —

28 (40-0) 8 (28.6) —
69 (26-7) 13 (18-8) -

Values in parentheses are percentages. *Proportion of patients with appendicitis with perforation; tproportion of patients without appendicitis submitted

to exploration. $Advanced appendicitis (perforated or gangrenous appendicitis).
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Quality of included studies

Twenty-four eligible studies were selected for the analyses
(Table 1). The proportion of patients with a diagnosis
of appendicitis ranged from 26-7 to 60-6 (median 41-0)
per cent. The proportion of appendicitis with perforation
was reported in 13 studies, and ranged from 3-7 to 28-6
(median 17-4) per cent. The proportion of patients without

31

appendicitis who had been submitted to appendicectomy
was reported in 19 studies, and ranged from 5-2
to 422 (median 20-1) per cent. The majority of the
studies were prospective and included consecutive patients,
but one had collected the data retrospectively™, six
included non-consecutive patients or excluded patients
owing to missing values’’:#8:38:61-64 " and two included

only patients who had had symptoms for more than
12 h47,70'

Table 2 Discriminatory power of variables described in more than one study, expressed as pooled receiver—operator characteristic area

No. of No. with Pooled
References patients appendicitis ROC area (27
Patient details and disease history
Age 49, 64 718 288 0-58 (0-54, 0-63) 0-260
Male sex 49, 58, 61-64 2292 832 0-62 (0-60, 0-64) 0.663
Duration of symptoms 49, 58, 59, 63, 64 2141 764 0-58 (0-53, 0-63) <0-001
History of fever 49, 60 570 231 0-60 (0-55, 0-64) 0.028
Symptoms
Gastrointestinal dysfunction
Anorexia 60-62, 64 579 236 0-58 (0-54, 0-63) 0-831
Nausea 64, 65 333 149 0-56 (0-50, 0-62) 0-399
Nausea or vomiting 59, 61, 62 366 130 0-54 (0-48, 0-60) 0-843
Vomiting 49, 58, 60, 64 1965 715 0-59 (0-56, 0-62) 0.749
Pain
Migration of pain 49, 58, 60-62, 64, 65 2459 912 0-68 (0-63, 0-74) <0-001
Progression of pain 58, 64 1389 486 0-61 (0-58, 0-64) 0-123
Peritonism
Aggravation by cough 58, 60-62, 64 1746 628 0-64 (0-61, 0-66) 0-881
Aggravation by movement 49, 60-62, 64 949 418 0-59 (0-56, 0-62) 0-374
Signs
Tenderness
Presence or intensity 49, 54, 61-63 1928 739 0-62 (0-48, 0-76) < 0-001
Localization 49, 58, 60, 64 1982 723 0-60 (0-55, 0-65) 0.030
Indirect tenderness 48, 49, 63, 64 988 397 0-65 (0-55, 0-75) <0-001
Rectal tenderness 49, 54, 59, 64, 68 1951 763 0-51 (0-48, 0-54) 0-155
Psoas sign 63, 65 261 109 0-58 (0-51, 0-65) 0-555
Peritonism
Rebound 48, 49, 54, 58, 60-63, 65 3439 1287 0-70 (0-65, 0-75) <0-001
Percussion 64, 65 211 99 0-70 (0-63, 0-78) 0.793
Guarding 48, 49, 54, 60, 63, 65 2004 906 0-68 (0-60, 0-76) <0-001
Guarding or rigidity 61, 62, 64 479 192 0-63 (0-57, 0-68) 0-819
Rigidity 48, 54, 58 2310 841 0-57 (0-50, 0-64) 0.-001
Laboratory tests and fever
wBC 49-52, 55, 58, 59, 61-64, 66-68 3382 1288 0-77 (0-75, 0-78) 0171
Granulocyte count 48-50 628 254 0-78 (0-75, 0-82) 0-370
Proportion of PMN cells 49, 55, 61, 62, 69 1067 427 0-77 (0-70, 0-84) <0-001
CRP level 47, 49, 52, 55, 57, 61, 62, 69, 70 1360 529 0-75 (0-66, 0-85) <0-001
Body temperature 49, 64 714 86 0-64 (0-52, 0-77) 0.005
Axillary/rectal temperature difference 59, 63 230 76 0-51(0-43, 0-59) 0478
RLQ/LLQ temperature difference 53, 56, 67 304 128 0-55 (0-48, 0-61) 0-414
Perforated appendicitis
WBC 49-51, 57 614 159 0-85 (0-81, 0-89) 0-080
Granulocyte count 49, 50 399 82 0-86 (0-81, 0-90) 0.714
CRP level 49, 57 434 87 0-87 (0-74, 1-01) <0-001

Values in parentheses are 95 per cent confidence intervals. ROC, receiver—operator characteristic;c WBC, white blood cell count; PMN,

polymorphonuclear; CRP, C-reactive protein; RLQ, right lower quadrant; LLQ, left lower quadrant. *Heterogeneity test.
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The diagnosis was confirmed by histopathological
examination in all studies except one’’. Four studies
provided information about the histopathological criteria
for diagnosis, with granulocyte invasion in the mucosa’®,
in the tunica muscularis’’-%* or transmurally* as criteria
for appendicitis. In one study the histological findings were
reviewed by a pathologist who was blinded to the surgeon’s
preoperative diagnosis and the initial pathologist’s report*.
The diagnosis of ‘not appendicitis’ in unoperated patients
was supported by follow-up after discharge in five
studies*?60:63-65 Tn five studies the surgeons were blinded
to the results of the laboratory tests or temperature
reading?7-33:33:36.67 " Four studies presented results for
the diagnosis of advanced appendicitis separately*?-30-31:57,
The data were partly extracted from diagrams in two

studies®!-67.

R. E. B. Andersson

Discriminatory power

The discriminatory power of the variables, expressed
as ROC areas, is presented in 7Tuble 2. Inflammatory
response variables (granulocyte count, proportion of
polymorphonuclear (PMN) blood cells, white blood cell
count (WBC) and CRP concentration) appeared to
be the strongest discriminators, with a ROC area of
0-78 to 0-75, followed by the descriptors of peritoneal
irritation (rebound, percussion tenderness and guarding)
and migration of pain, with a ROC area of 0-70 to 0-68. The
same relative order of importance of WBC and rebound
tenderness was found in the four studies that analysed these
two variables in identical populations, suggesting that this
result was not due to the pooling of disparate studies
from different study populations. A similar result was
obtained when only studies of higher quality were selected

Table 3 Predictive power of elements of history and clinical examination in the diagnosis of appendicitis, expressed as pooled likelihood

ratios

Patient details and disease history
Age > 20 years
Male sex
Duration (h)
>9
>12
>24
> 48
History of fever

Symptoms

Gastrointestinal dysfunction
Anorexia
Nausea or vomiting
Vomiting

Pain
Pain migration
Pain progression

Peritonism
Aggravation by cough
Aggravation by movements

Signs

Tenderness
Direct tenderness
Indirect tenderness
Localized versus diffuse tenderness
Rectal tenderness
Psoas sign

Peritonism
Rebound tenderness
Percussion tenderness
Guarding
Guarding or rigidity
Rigidity

LR*

1.25 (1-10, 1-42)
1.62 (1-49, 1.76)

1.01 (097, 1.05)
0-96 (0-90, 1.04)
0-65 (0-47, 0-90)
0-49 (0-36, 0-67)
1.64 (0-89, 3.01)

1.27 (1-14, 1.41)
1.15 (1.04, 1.36)
1.63 (1-45, 1.84)

2.06 (1-63, 2-60)
1.39 (1-29, 1-50)

1.49 (1-40, 1.59)
1.24 (116, 1-33)

1.29 (1.0, 1-57)
2.47 (1.38, 4-43)
1.52 (1-21, 1.92)
1.03 (0-83, 1-27)
2.31 (1-36, 3.91)

1.99 (1.61, 2.45)
2.86 (1.95, 4-21)
2.48 (1.60, 3-84)
2.36 (1.76, 3-15)
2.96 (2-43, 3.59)

[7* LR~ [7*
0-505 0-74 (0-62, 0-89) 0-303
0-620 0-62 (0-57, 0-68) 0-340
1-000 0-94 (0-62, 1-42) 0.634
0.-094 1.19 (087, 1.63) 0.107
0-002 1.47 (1-14, 1.90) <0-001
0-144 1.20 (1-08, 1-34) 0.018
0-008 0-61 (0-49, 0-77) 0-089
0.927 0-59 (0-45, 0-77) 0-321
0.657 0-72 (0-57, 0-91) 0-823
0-455 0-75 (0-69, 0-80) 0-687

<0-001 0-52 (0-40, 0-69) <0-001
0.-097 0-46 (0-27, 0-77) 0-043
0711 0-38 (0-32, 0-46) 0-536
0.070 0-49 (0-39, 0-62) 0-565
<0-001 0-25 (0-12, 0-53) 0-006
<0-001 0-71 (0-65, 0-77) 0-082
0-016 0-67 (0-61, 0-75) 0-760
0-043 0-96 (0-85, 1-08) 0-037
0-195 0-85 (0-76, 0-95) 0-243
<0-001 0-39 (0-32, 0-48) 0-004
0-244 0-49 (0-37, 0-63) 0-820
<0-001 0-57 (0-48, 0-68) 0-015
0-721 0-70 (0-61, 0-80) 0-605
0-220 0-86 (0-72, 1-02) <0-001

Values in parentheses are 95 per cent confidence intervals. LR, likelihood ratio. *Heterogeneity test.
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for analysis. The other variables had weak discriminatory
power, with ROC areas of less than 0-65. Rectal tenderness
had no discriminatory power (ROC area 0-51).

Predictive power

The predictive power of the variables, expressed as
likelihood ratios, are presented in 7Tuables3 and 4.
Appendicitis was more likely in patients with a strong
inflammatory response, high granulocyte count or WBC,
high proportion of PMN cells or increased CRP
concentration, and a LR of 7.09 to 2-39. The signs
of peritoneal irritation (rigidity, percussion and rebound
tenderness) were also important predictors, with a
LR" of 296 to 1-99. Appendicitis was unlikely when
an inflammatory response or peritoneal irritation was
absent, as shown by a LR~ of 024 to 0-39 at a
low proportion of PMN cells, at a low WBC or

33

granulocyte count, when the CRP concentration was
normal or when direct tenderness or rebound tenderness
was absent.

Diagnostic value in perforated appendicitis

Four studies presented the results for perforated appen-
dicitis separately (Tables 2 and 4)**~3157. The WBC and
granulocyte count, and the CRP level, had a stronger
discriminatory capacity for perforated appendicitis (ROC
area of 0-85 to 0-87 wversus 0-78 to 0-75 for appendici-
tis). High WBC and granulocyte count, and an increased
CRP concentration, were relatively strong predictors of
perforated appendicitis, with a LR of up to 7-20. Per-
forated appendicitis was very unlikely in patients with
a low WBC and granulocyte count, and a CRP con-
centration of less than 10 g/l, with a LR™ of 0-20 to
0-11.

Table 4 Predictive power of laboratory variables and body temperature in the diagnosis of appendicitis, expressed as pooled likelihood

ratios

LR*

Laboratory tests and fever
WBC (x 109/I)

>10 247 (2-06, 2-95)

>12 2.75 (199, 3-80)

>14 2.96 (2-48, 3-53)

> 15 3.47 (1.55, 7-77)
Granulocyte count (x 10°/I)

>7 1.64 (0-87, 3-09)

>9 266 (1-39, 5:09)

>11 4.36 (2-83, 6:73)

>13 7-09 (4-06, 12-37)
Proportion of PMN cells (%)

>75 2-44 (1-60, 3-74)

> 85 3.82 (286, 5-08)
CRP level (mg/l)

>10 1.97 (1-58, 2.45)

>20 2.39 (1-67, 3-41)
Body temperature (°C)

>37.7 1.57 (0-90, 2-76)

> 385 1.87 (0-66, 5-32)

Temperature difference (> 1°C)
Axillary/rectal
RLQ/LLQ

Perforated appendicitis
WBC (x 10%/1)

1.10 (061, 1.96)
1.99 (1.08, 3.86)

>10 4.20 (2-11, 8.35)
>15 7.20 (4-31, 12:00)
Granulocyte count (x 10°/1)
>7 2.89 (2.41, 3.46)
>9 4.16 (3-15, 5.51)
CRP level (mg/I)
~10 4.24 (1.16, 15.53)

P LR™ P
<0.-001 0-26 (0-18, 0-36) <0-001
0-041 0-48 (0-41, 0-55) 0215
0-945 0-69 (0-55, 0-86) <0-001
0-012 0-81 (0-69, 0-95) 0-008
<0-001 0-31 (0-283, 0-40) 0.670
0-015 0-45 (0-37, 0-54) 0-094
0-085 0-60 (0-583, 0-69) 0-154
0-328 0-74 (0-68, 0-81) 0277
0-001 0-24 (0-11, 0-50) <0-001
0-158 0-58 (0-51, 0-66) 0-166
<0.-001 0-32 (0-20, 0-51) <0-001
0-042 0-47 (0-28, 0-81) 0.-001
0-002 0-65 (0-31, 1-36) <0-001
0-023 0-89 (0-71, 1-12) <0-001
0-083 0-96 (0-84, 1-10) 0-282
0-317 091 (0-883, 1-01) 0123
0-005 0-20 (0-10, 0-41) 0-082
0-317 0-66 (0-56, 0-78) 0-595
0977 0-14 (008, 0-26) 0-923
0-491 0-39 (0-28, 0-54) 0176
<0-001 0-11 (005, 0-25) 0-335

Values in parentheses are 95 per cent confidence intervals. LR, likelihood ratio; WBC, white blood cell count; PMN, polymorphonuclear; CRP,

C-reactive protein; RLQ, right lower quadrant; LLQ, left lower quadrant. *Heterogeneity test.
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Table 5 Discriminatory and predictive power of combinations of variables

Reference ROC area

Guarding or rebound and WBC 49 0-84 (0-80, 0-88)
count >10-0 x 10%/I

WBC > 10-0 x 10%/l and CRP > 8 57 0-96 (0-92, 1-00)
mg/I

WBC > 10-0 x 10%/l and CRP 32 0-85 (0-80, 0-90)
>12 mg/I

WBC > 12.0 x 10%/I and CRP > 6 52 0.74 (0-66, 0-87)
mg/|

WBC > 10.0 x 10%/I, CRP > 8 57 0.87(0-80, 0-94)
mg/l and IL-6 > 60 ng/I

WBC > 9.0 x 10%/I and proportion 55 0-66 (0-59, 0-73)
of PMN cells > 75%

WBC > 10 x 10°/I, proportion of 32 0.79 (0-74, 0-84)
PMN cells > 70% and CRP > 12
mg/|

WBC > 9.0 x 10°%/I, proportion of 55 0-65 (0-58, 0-72)
PMN cells > 75% and CRP > 6
mg/I|

WBC > 9.0 x 10%/I, proportion of 58] 0-65 (0-58, 0-72)

PMN cells > 75%, manual
bands > 5% and CRP > 6 mg/|

All variables absent

0-03 (0-01, 0-16)*
0-17 (0.07, 0-42)

0-03 (001, 0-16)

0-05 (0-01, 0-28)*

0-05 (0-01, 0-29)*

Likelihood ratio

At least one variable present All variables present

0-14 (008, 0-24) 0-94 (072, 1-22) 11.34 (6-65, 19-56)

0-03 (0-00, 0-14) 0-53 (0-20, 1-37) 23.32 (6-87, 84.79)"
0-05 (0-01, 0-18) 1.07 (0-75, 1-47) 8.22 (4.73, 14-38)

0-06 (001, 0-33) 2.00 (1-45, 3-09) =

2.06 (1-35, 3.25) 16.96 (3-08, 98.66)
1.54 (1.32,1.79) =

1.57 (1.28, 1.91) 2085 (547, 80-27)

1.44 (129, 1.63) =

1.43 (1-28, 1-62) -

Values in parentheses are 95 per cent confidence intervals. ROC, receiver—operator characteristicc WBC, white blood cell count; CRP, C-reactive

protein; IL, interleukin; PMN, polymorphonuclear. *One case was added to an empty cell for the calculations, giving underestimated ROC area and

likelihood ratios.

Diagnostic value of combinations of variables

The diagnostic value of a combination of variables was
analysed in nine studies. Andersson et 2% showed that
a combination of inflammatory variables had the same
discriminatory power for appendicitis as a combination
of all the findings at clinical examination. Sex, signs of
peritoneal irritation and inflammatory response variables
were the independent predictors. Hallan et 2.9 showed
that inflammatory variables yielded additional diagnostic
information over clinical and anamnestic variables. The
ROC area of a logistic regression model increased from
0-85 to0 0-92 when information about the WBC, proportion
of PMN cells and CRP level was added to a model based
on anamnestic and clinical variables. The independent
predictors in a study by Dixon et a/.°* were tenderness in
the right lower quadrant, abdominal rigidity, guarding,
rebound tenderness, pain aggravated by coughing or
movement, no previous surgery, pain of central onset,
normal micturition, duration of pain and male sex. These
authors did not include any inflammatory variable in their
study.

Five studies analysed the results of combinations
of two to four signs and inflammatory variables
(Table 53249525557 The discriminatory and predictive
power increased considerably when two or more variables

Copyright © 2004 British Journal of Surgery Society Ltd
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were combined into three diagnostic levels, representing an
increase in the value of none, at least one, and all variables.
Appendicitis was likely when two or more descriptors of
inflammation were increased, with a LR of more than
10; it was unlikely when all markers of inflammation were
normal, with a LR™ of less than 0-10.

This review shows that each element of the history
and of clinical and laboratory examinations is of weak
discriminatory and predictive capacity. However, clinical
diagnosis is a synthesis of information obtained from all
these sources, and a high discriminatory and predictive
power can be achieved by an accurate understanding
of the relative importance of variables in combination.
Contrary to common opinion, simple and easily performed
laboratory tests of the inflammatory response appear to
be at least as important as discriminators as the clinical
descriptors of peritoneal irritation, especially in advanced
appendicitis. When the values of two or more inflammatory
variables are normal, appendicitis is unlikely. Conversely,
appendicitis is very likely when the values of two or
more inflammatory variables are increased. This result
is consistent with the finding of a high proportion of
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normal laboratory values in patients who were submitted
to non-productive appendicectomy’!’2. Interestingly, pain
on rectal palpation has no discriminatory or predictive
power. The opinion that rectal palpation is an indispensable
examination in the diagnosis of appendicitis cannot be
supported.

Many of the more important variables showed het-
erogeneous results between the studies; there are several
possible reasons for this. Clinical assessment is a subjective
appraisal of a patient’s reaction to a surgeon’s examination.
This process cannot be standardized, which explains the
low interobserver reliability of clinical findings’*. Another
reason relates to the heterogeneous nature of study pop-
ulations in respect of the proportions of patients with
appendicitis and advanced appendicitis. This may reflect
differences in indications for referral and for admitting
patients with suspected appendicitis to hospital, or differ-
ences in definition of the appendicitis diagnosis. Finally, the
probity of pooling heterogeneous results can be questioned
and the estimated ROC areas and likelihood ratios may be
considered biased, but this was at least partly taken account
of by the wider confidence intervals of the random-effects
model.

This review has demonstrated that elements of the
disease history, clinical findings and results of laboratory
tests are weak individual discriminators of appendicitis.
However, in combination they provide high discriminating
power. Laboratory tests of the inflammatory response,
and the clinical descriptors of peritoneal irritation and
migration of pain, are the strongest discriminators and
should be included in the diagnostic assessment of patients
with suspected appendicitis.

This study was supported by the Scientific Committee,
Jonkoping County, Sweden.
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