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Objectives: The use of ultrasonography and computed tomography (CT) in the diagnosis

of appendicitis in adult patients was compared.

Methods: Systematic review and meta-analysis of current evidence in two clinical
situations: unselected nonpregnant, adult patients with symptoms of appendicitis, and
more selective use in only those patients who still have an equivocal diagnosis

subsequent to routine clinical investigations.

Results: Meta-analysis of eligible studies shows CT to have better sensitivity and

specificity than ultrasound in both clinical situations.

Conclusions: Application of these findings in clinical practice and/or policy would need to
evaluate the better diagnostic performance of CT against its cost and availability. In
addition, it is imperative that future studies be conducted in patient populations that are
well-defined with respect to prior investigations. Sequelae of false-negative and

false-positive diagnoses should also be evaluated.
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INTRODUCTION

Acute appendicitis is the most common indication for emer-
gency abdominal surgery in Australia. Despite the preva-
lence of acute appendicitis, diagnosis remains problematic.
Many patients have typical presentations consisting of rapid-
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onset abdominal pain followed by nausea and vomiting. Sub-
sequent to the initial nonspecific abdominal pain, there is
localization of the pain to the right lower quadrant, often
with rebound tenderness and pain upon cough. Leukocytosis
and low-grade fever typically complete the clinical picture.
However, up to a third of patients present atypically, result-
ing in a delayed or missed diagnosis (5;36). Furthermore, a
range of other conditions can mimic the clinical presentation
of appendicitis, making a differential diagnosis problematic.

Delaying the treatment of patients with atypical pre-
sentations to confirm diagnosis may result in perforation of
the appendix, which can occur within 24 hours of the on-
set of symptoms. The incidence of perforation is particularly
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high among elderly patients, children, and women of child-
bearing age (67). Perforation leads to peritonitis, with
associated morbidity and mortality, resulting in additional
resource use.

Surgical treatment of acute appendicitis is a highly suc-
cessful medical intervention. However, the inherent risk of
surgical complications cannot be discounted. Furthermore,
surgical procedures and aftercare services occur at a consid-
erable cost. The treating clinician, therefore, is faced with the
need to balance the considerable morbidity and even mortal-
ity associated with a missed diagnosis, with exposing the
patient to unnecessary surgery, and associated morbidity and
mortality as a result of an incorrect positive diagnosis.

The relationship between rates of negative appendicec-
tomy and perforation is controversial. Some argue that there
are direct trade-offs; that lowering the rate of negative ap-
pendicectomy increases the rate of perforation (4;60). Oth-
ers argue that both can be lowered safely, using evidence that
the two rates are independent of each other when compared
across hospitals (6;39;41). Even if lowering the negative ap-
pendicectomy rate results in more perforations, this finding
may not lead to increased mortality or morbidity in the con-
text of modern surgical care (65).

Individual clinicians and hospitals vary in their approach
to this problem. Some delay surgery and use additional di-
agnostic tests and procedures, in an effort to minimize the
negative appendicectomy rate.

This systematic review summarizes the published med-
ical literature reporting the performance of ultrasonography
(US) and computed tomography (CT) as optional (“add-on”)
diagnostic procedures used in the diagnosis of acute appen-
dicitis in adults in Australia. The aim is to summarize the
diagnostic performance of each procedure (e.g., sensitivity
and specificity) that has the potential to impact upon the
cost-effectiveness of appendicitis management. It is part of
a larger project, commissioned by the Research and Devel-
opment Grants Assessment Committee (RADGAC) of the
National Health and Medical Research Council, to define
diagnostic and treatment pathways that optimize the cost-
effectiveness of care for patients presenting to the hospital
with signs and symptoms of acute appendicitis.

The objective of this review is to systematically eval-
uate the evidence relating to the diagnostic performance of
US and CT for the diagnosis of appendicitis in adults. These
procedures are widely available in Australia but are consid-
ered to be “in addition” to conventional clinical assessment
(history, physical examination, and plain X-ray).

The focus of the review was the diagnosis of appen-
dicitis in nonpregnant, adult patients. Evidence derived from
subgroups of this population was not included when this in-
formation could not be generalized to the entire group (e.g.,
elderly patients only). Evidence derived from broader popu-
lations (e.g., those inclusive of children), was only included
when the target population represented at more than 50 per-
cent of the study population.

Diagnosing appendicitis

In most cases, histological examination of tissue re-
moved at operation can provide the definitive reference di-
agnosis. With respect to patients discharged with a negative
diagnosis, dedicated systematic clinical follow-up is an ac-
ceptable reference standard, as truly active disease is likely
to represent in a short time frame.

Ultrasound

Ultrasound is a safe, noninvasive technique involving the
emission of high-frequency sound waves from a transducer
into the underlying tissues, from where sound is reflected
in accordance with tissue density, allowing an image to be
viewed in real-time. Ultrasound is relatively inexpensive,
with low consumable costs and modest capital expenditure;
however, payment of experienced staff adds to the overall
cost burden. The procedure is very operator-dependent, and
poor technique may compromise its diagnostic accuracy.

Computed Tomography

Computed tomography (CT) is a fast, noninvasive procedure
using X-rays to generate cross-sectional images, secondary
to the rate of radiation absorption of different tissues. CT
scanning has advantages over other methods of imaging the
appendix, as it is able to visualize the entire appendix (49). A
diagnosis of acute appendicitis is generally made when the
appendix measures greater than 6 mm in diameter, the lumen
is not filled with air or enteric material, and there is evidence
of inflammation (40). Studies with and without the use of a
contrast medium have been included in this review.

METHODS

The medical literature was searched to identify original stud-
ies that investigated and reported the ability of US and helical
CT to diagnose acute appendicitis. The literature search cov-
ered the period from January 1985 to February 2003. Any
additional papers identified from the bibliographies of in-
cluded publications were added to the review.

Searches were conducted by means of Medical Litera-
ture Analysis and Retrieval System On-Line (MEDLINE),
Excerpta Medica Database (EMBASE), Cochrane System-
atic Reviews; Database of Abstracts of Reviews of Ef-
fects (DARE), National Health Service Economic Evalua-
tion Database (NHS EED), and health technology assessment
databases. Search strategies included terms for “appendici-
tis” and “diagnosis”. After the removal of duplicate citations,
and addition of further citations sourced from the reference
lists of recent key publications, a total of 1,087 unique cita-
tions remained. The following inclusion and exclusion crite-
ria were then applied.

Inclusion Criteria

Included in this study were original publications reporting
the results of one or more clinical study suitably designed
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to evaluate the diagnostic performance of the test (i.e., non-
systematic reviews, editorials, opinion pieces, and letters
were excluded as were methodological, descriptive, or prog-
nostic studies); studies conducted on human patients; studies
involving one or more of the diagnostic investigations within
the scope of the current review; studies in which 50 patients
or more underwent the investigation in question; and studies
reporting (or providing sufficient information to calculate)
relevant clinical outcomes (sensitivity, specificity, diagnos-
tic accuracy, positive predictive value, negative predictive
value).

Exclusion Criteria

Excluded were those studies for which the study population
comprised only those patients who had had an appendicec-
tomy, where a broader population existed; studies conducted
in pregnant women only; studies conducted in children only,
and those in which >50 percent of the patient population
were children; studies conducted in the elderly only; studies
where the diagnostic test was conducted in a nonstandard or
outdated manner or by a nonroutine operator (e.g., trainees,
surgeons alone); studies duplicating patients presented in an-
other publication or studies presenting only a subset of the
patients presented in another publication; studies published
in a language other than English. Studies reporting the re-
sults for men only or women only were included, with the
gender selection noted. Publications that did not adequately
define and report the patient recruitment criteria and the na-
ture of previous clinical and diagnostic investigations or had
additional patient selection criteria that made the patient pop-
ulation irrelevant to the current systematic review were ex-
cluded (3;10-17;22;24;25;27;30-32;34;37;38;42;45;48;56—
58;69).

After application of these criteria, a total of thirty-two
publications were included in this review. Twenty publica-
tions described studies of ultrasound alone, eleven publi-
cations described studies of CT alone, and one publication
described a study of both ultrasound and CT.

The settings chosen for this review related to the two
most common clinical placements of the tests in question:
(1) in all patients with suspected appendicitis subsequent to
routine clinical investigations (“‘all presentations”); and (ii) in
only those patients with an equivocal diagnosis of appendici-
tis subsequent to routine clinical investigations (“‘equivocal
only”).

A detailed assessment of study quality was undertaken
using a modification of the diagnostic-specific checklist pub-
lished by the Cochrane Screening and Diagnostic Tests Meth-
ods group. This approach enabled a quality score to be es-
timated for each study. Quality scoring was undertaken on
the basis of the information clearly enunciated in the pub-
lished paper. No attempt was made to contact authors to seek
clarification.

This review aimed to identify studies, review their
quality, and then summarize the evidence in each setting.
Therefore, where patient population, test techniques, and in-
terpretation and study quality were suitably consistent, meta-
analyses were conducted to calculate pooled estimates of the
key diagnostic performance measures. As all tests involve
outcomes that are generally considered to be truly dichoto-
mous rather than continuous in nature, it was considered
more appropriate to conduct weighted pooling of proportions
rather than summarizing in receiver operator curve space.
Nevertheless, the association between sensitivity and speci-
ficity across the contributing studies was investigated before
the pooling of results. As there was no significant association
between sensitivity and specificity across the included studies
in any of the settings, pooling was undertaken assuming that
no underlying cut-point effect was present. Meta-analysis
was then conducted with weighting applied according to the
number of patients in each study.

RESULTS

Ultrasound

After application of the inclusion/exclusion criteria, a total of
twenty-one studies were included in the review of ultrasonog-
raphy for the diagnosis of acute appendicitis. One previously
published meta-analysis was also retrieved (43). This meta-
analysis included seventeen studies published between 1986
and 1994 that had been conducted in a variety of patient
groups, although those conducted in pediatric populations
alone were excluded. The authors included both prospec-
tive and retrospective studies, and they did not consider the
patient selection criteria of these studies or other method-
ological limitations in any detail. No minimum criterion was
applied with respect to the reference standard for the study
to be included in the meta-analysis. All studies reported in
Orr et al. (43) were considered for inclusion in the current
systematic review.

The study design and quality of each of the included
trials conducted in the “all presentations” setting are summa-
rized in Table 1. The diagnostic performance results in this
setting are presented in Table 2. The overall prevalence of
acute appendicitis in these studies was 41 percent. However,
despite the studies purporting to include all patients with
suspected appendicitis after initial clinical examinations, a
broad range of prevalences was apparent (23—78 percent).
Therefore, the extent to which these studies have investi-
gated a comparable group of patients is unclear. It is possible
that some of this variation may reflect differences in the na-
ture and extent of initial examination by the referring general
practitioner and/or the emergency department or the experi-
ence of the referring or examining clinicians.

As the majority of studies were of a similar quality, all
results were included in pooling. Where more than one value
was available for an individual study, the value used was that
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Table 1. Study Design and Quality for Ultrasonography Studies of Patients with Suspected Appendicitis

Proportion
female (%); Reference standard
Prospective or Consecutive patients proportion of for positive Test diagnosis
retrospective; (within patient children (%) diagnoses; made independent
patient no. criteria for [or mean age for negative of other clinical ~ Quality
Author, date (ITT/eval) this setting) if % NR] diagnoses information score/13 Ultrasound notes
All presentations
Puylaert, 1987 (47)  Prospective; 111/111 Consecutive 57%; [29 yr] Histopathology; NR 8 GC by radiologist
confirmation of
—ve Dx NR
Puylaert, 1988 (46)  NR; 325 Consecutive NR; NR Histopathology; NR but all NR 5 GC by radiologist
(extent of overlap patients had either
with Puylaert, laparoscopy or
1987, NR) laparotomy
Schwerk, 1990 (55)  Prospective; 857 Consecutive 60%; [23 yr] Histopathology; unspecified No 8 GC
“follow-up observations”
of —ve Dx
Rioux, 1992 (54) Prospective; 170 Consecutive 59%; [27 yr] Histopathology; telephone NR 9 GC
FU of —ve Dx after study
(mean 8 months)
Wade, 1993 (62) Prospective; 110/99 Consecutive?® 28% (of adults); NR NR 2 GC
children
excluded
John, 1993 (29) Prospective; 111 NR 58%; [~25 yr] Histopathology; unspecified Yes 6 GC
FU of —ve Dx
Gumbs, 1993 (23) Prospective; 79 Consecutive 53%; [27 yr] Histopathology; NR 7 GC
confirmation of
—ve Dx NR
Verroken, 1996 (61)  Prospective®; 144 Consecutive® 56%; [29 yr] Histopathology; clinical FU NR 8 GC by radiologist
of —ve Dx after >12 mo
Incesu, 1997 (26) Prospective; 60 Consecutive 55%; [20 yr] Histopathology; unspecified NR 8 GC
clinical FU of —ve Dx
Jahn, 1997 (28) Prospective; 222/193 Nonconsecutive® 41%; 42%" Histopathology; clinical FU Yes 7 GC by radiologist
of —ve Dx after
>12 mo
Chen, 1998 (8) Prospective; 191 NR 40%; No Histopathology; clinical FU NR 6 GC by surgeon
children after 2 wk experienced with US
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Table 1. Continued
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Proportion
female (%); Reference standard
Prospective or Consecutive patients proportion of for positive Test diagnosis
retrospective; (within patient children (%) diagnoses; made independent
patient no. criteria for [or mean age for negative of other clinical  Quality
Author, date (ITT/eval) this setting) if % NR] diagnoses information score/13 Ultrasound notes
Chen, 2000 (9) Prospective; Consecutive® 44%; [37 yr] Histopathology; NR 8 GC by staff
317/147* clinical FU at experienced
outpatients with US
within 2 wk
Fujii, 2000 (19)  NR —assumed to be  Consecutive 49%; NR (age range, Histopathology; Yes 9 GC by gastroente-
prospective; 200 2-87) unspecified rologists experienced
clinical FU of with US
—ve Dx
Garcia-Aguayo,  Prospective; 374 Consecutive 57%; [27 yr] Histopathology; no NR 7 GC
2000 (21) FU of —ve Dx
Wise, 2001 (68)  Prospective; 149/100  Consecutive® 74%; no Histopathology; No 8 GC by sonographer,
children clinical FU after interpreted
>3 mo prospectively
“frequently by
residents in
training”™®
Lee, 2002 (35) Prospective; 570 Consecutive 51%; [34 yr] Histopathology; NR 8 GC
unspecified
clinical follow-up
of —ve Dx
Rettenbacher, Prospective; 350 Consecutive 55%; [33 yr] Histopathology; Yes 9 GC by radiologist
2002 (53) unspecified
clinical FU of
—ve Dx
Patients with an equivocal diagnosis of appendicitis
Abu-Yousef, NR; 68 Consecutive' 53%; 15% Histopathology; NR 4 GC
1987 (1) clinical FU after
1-3 days
Schwerk, 1990 Prospective; 258 Consecutive 60%; [23 yr] Histopathology; No 8 GC
(55) unspecified “FU

observations” of
—ve Dx
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Diagnosing appendicitis

Table 2. Summary of CT and US Diagnostic Performance
US CT
Studies reporting all presentations
Sensitivity 88.3 (86.7-89.8) 96.6 (94.3-98.0)
Specificity 92.3(91.2-93.3) 94.0 (91.6-95.8)
PPV 88.9 (87.3-90.3) 93.2 (90.3-95.2)
8 8 8 NPV 91.9 (90.7-92.9) 97.0 (95.1-98.2)
Studies reporting equivocal presentations only
Sensitivity 76.4 (70.1-81.7) 96.4 (93.4-98.0)
o ) =) Specificity 95.2 (93.0-96.7) 95.7 (92.9-97.4)
PPV 86.1 (80.3-90.4) 95.0 (91.8-97.0)
NPV 91.1 (88.4-93.2) 96.9 (94.4-98.3)
Pooled result for all studies
. BB Sensitivity 87.1 (84.9-88.9) 96.5 (94.8-97.6)
73 Sk o~ Specificity 92.8 (91.5-93.9) 94.7 (93.0-96.0)
o R ° & E PPV 88.7 (87.1-90.0) 93.9 (91.9-95.4)
Z se82_ % g NPV 91.7 (90.7-92.7) 97.0 (95.5-98.0)
O = p—g i)
E EZBE .qé CT, computed tomography; US, ultrasonography; PPV, positive predictive
g é,» value; NPV, negative predictive value.
=
o
3
P
.o G .o O . e ° . . . . .
2 8 B £B% B <] where nonvisualizations and nondiagnostic ultrasounds were
ggp 2B Lo &p 3 : :
=&@L T& E‘u_ =K o g treated as disease-negative.
1%» é@ A f;; é EIG 5 £ E 2 = Five of the included studies were conducted in only
g § 5 QT) ‘§ § é = $ § =8 S g those patients with an “equivocal” diagnosis subsequent to
Q — Q o — . .. . . . . .
Jes! = as % = routine clinical investigations. The study design and quality
=} . . . .
E = of each of the included trials conducted in the “equivocal
2 2 presentations only” setting are summarized in Table 1.
% = The diagnostic performance results in this setting are
> a .
_ _ £ f%_% presented in Table 2. The overall prevalence of acute appen-
E» 5 f; % i 25 dicitis in these studies was 28 percent. Prevalence ranged
i) z é N £ § 5 g from 19 to 54 percent. As there was only a small range in
) £5 £ = 2 Ey study quality scores between all of the studies, all results
— Ya) o> ) 3 ] . . .
© © © £ = T o were included in pooling.
] = <= 2
Q I = v-l
5 £ ¢ Computed Tomography
= 2 < = . . . . . . .
e E 4 g 3 g g After application of the inclusion/exclusion criteria, a total
3 3 Ei 8 E EY of twelve studies were included in the review of CT for the
% % 2 S 2 % ‘% diagnosis of acute appendicitis. Of these, seven studies were
o= = . .
S S S 3 §' —~ 8 % = 38 undertaken in “all presentations” and five were conducted
s 5 .90<= . . . « . ’ 1: .
2% 53273 in only those patients with “equivocal” diagnosis. The study
== E£2S3=28¢ . . . . . «
- £8 8335 g5 design and quality of each of the included trials in the “all
S a %; : E£3 g i P presentations” setting are summarized in Table 3.
5 E E ; g 523 % £ The diagnostic performance results in this setting are
o % cé g § i S g ‘é_ B % presented in Table 2. The overall prevalence of acute appen-
S 2 222828 s . .
a “g’- S 22 2Z 5 E g 5 dicitis in these studies was 46 percent. Again, a broad range
v = Sag > o *
% E K S g §§ £ g < ia of prevalence was apparent (24—72 percent); thus, the extent
—_ B<EN0) a . . . .
2 % S E *é - 22 to which these studies have investigated a comparable group
s 3 &esg e ‘2 . . . ..
~ Q s s 38 é s g% ¢ of patients is unclear. As with the ultrasound results, it is
2 = = S2ScECESEH . L . .
c 3 = 2é ; nE8E 2 g £ possible that some of this variation may reflect differences in
) OR L L .
N 2 § 225 y3 B SE2 the nature and extent of initial examination by the referring
= 5 — 222385228385 general practitioner and/or the emergency department or the
= N g SEE>P-EEE S . . e
£ = 3 wmESEEE225 experience of the referring or examining clinicians. As there
S 3 3 cp2l32EEEA 1 11 range in study quali b 11 of
= =2 3 FEEviz g 35 was only a small range in study quality scores between all o
S the studies, all results were included in pooling.
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Table 3. Study Design and Quality for Studies of CT in Patients with Suspected Appendicitis

Proportion
female (%); Reference standard
Prospective or Consecutive patients proportion of for positive Test diagnosis
retrospective; (within patient children (%) diagnoses; made independent
patient number criteria for [or mean age for negative of other clinical ~ Quality
Author (date) (ITT/eval) this setting) if % NR] diagnoses information score Notes
All presentations
Rao, 1997 (51) Prospective; 103/100 Consecutive® 54%; NR (age Histopathology; clinical NR 8 Helical scanning with
range, 6—84) FU of —ve Dx after 3 mo oral (98%) and
colonic (96%)
administered
contrast
Rao, 1997 (52) Prospective; 117/100 Consecutive® 57%; 27% Histopathology; clinical NR 8 Helical scanning
FU of —ve Dx after 2 mo with colonic
administered
contrast only
Lane, 1999 (33) Prospective®; 300 Consecutive 52%; NR (age Histopathology; NR 6 Helical scanning
range, 8—86) unspecified clinical FU without contrast
of —ve Dx
Rao, 1999 (50) Prospective; 100 Consecutive 100%; 21% Histopathology; clinical NR 9 Helical scanning
FU of —ve Dx after 2 mo with colonic
(100%) and i.v.
(2%) contrast
Walker, 2001 (63)  Prospective; 128 (65 in NR 66%; No children Histopathology; telephone No¢ 6 Focused, helical
CT group) FU of —ve Dx at scanning with
unspecified time colorectal
contrast
Wise, 2001 (68) Prospective; 149/100 Consecutive® 74%; No children Histopathology; clinical No 8 Prospective
FU after >3 mo evaluation of CT,
“frequently by
residents in
training”
Cakirer, 2002 (7) NR; 141/130 Consecutive' 48%; No children Histopathology; NR 7 Helical scanning

unspecified clinical FU
of —ve Dx

without any
contrast
material
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Patients with an equivocal diagnosis of appendicitis
Funaki, 1998 (20)  Prospective; 100 Consecutive 63%; NR (age Histopathology; NR 8 Helical scanning
range, 6-71) unspecified clinical FU with oral and
rectal contrast
in 95 patients,

rectal in
5 patients.
No i.v. contrast
Weltman, Prospective®; 158/100 Consecutive” 46%; [34 yr] Histopathology; clinical Yes 8 Helical scanning
2000 (64) FU after 1-2 mo with oral,
rectal' and
i.v. contrast
Pickuth, 2001 (44)  Prospective; 120 Consecutive 53%; No children Histopathology; NR 8 Helical scanning
unspecified clinical FU with rectal
contrast only
Wijetunga, Prospective; 105/100 Consecutive 55%; No children Histopathology; clinical NR 7 Helical scanning
2001 (66) FU after 1-8 mo with oral
contrast only
Fuchs, 2002 (18) Retrospective; 224/182 Consecutive’ 63%; [38 yr] Histopathology; telephone No 2 Helical scanning
FU of negatives at with oral and
unspecified time i.v. contrast

2 Other than two patients who declined to participate and one who was lost to follow-up.

b Other than seventeen patients with specific exclusion criteria.

¢ “Prospective interpretations” of CT but not reported if study was of prospective in design. Implied but not expressly stated that all patients with suspected appendicitis underwent CT.
4 Blind over-read of scans performed but not used for calculations.

¢ Other than forty-nine patients with specific exclusion criteria.

f Other then eleven patients with specific exclusion criteria.

2 Prospective evaluation of CT scans, but not clear if prospective study design.

ﬁ Assumed to be a consecutive sample, other than those referred directly to surgery. Those referred directly to surgery are assumed to all be of nonequivocal presentation (n = 58).
' Eight patients refused rectal contrast.

J Assumed that all atypical presentations got referred for CT (n = 182).

Dx, diagnosis; FU, follow-up; i.v., intravenous; NR, not reported; CT, computed tomography; ITT, intent to test.
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The study design and quality of each of the five in-
cluded trials conducted in the “equivocal presentations only”
setting are summarized in Table 3. The diagnostic perfor-
mance results in this setting are presented in Table 2. The
overall prevalence of acute appendicitis in these studies was
46 percent. Prevalence ranged from 30 to 78 percent.

As the majority of studies were of similar quality, all
results were included in pooling. Pooling was undertaken
assuming that no underlying cut-point effect was present.
This approach is supported by the lack of association be-
tween sensitivity and specificity across the included studies.

The intention of this review was to consider the diag-
nostic performance of CT and ultrasound in the two discrete
settings indicated in Table 2. However, if these were truly
discrete populations, the prevalence of positive appendici-
tis would be expected to be consistently higher in the for-
mer group, which would have included patients where there
was a high level of suspicion of appendicitis, in addition to
those patients whose diagnosis remained equivocal. Given
the broad range and extent of overlap in appendicitis preva-
lence in the studies included in the two settings, it is possible
that this grouping may be problematic. Poor definition and/or
poor reporting of the studies’ patient recruitment criteria, to-
gether with differences in the nature of the routine clinical
investigations, may have contributed to the overlapping dis-
ease prevalence in the two chosen settings. Therefore, an
overall pooled result is presented that captures all included
studies.

DISCUSSION

This systematic review indicates that ultrasound has only a
modest ability to detect patients with acute appendicitis. This
finding was particularly the case when used in the group
of patients with an equivocal diagnosis after routine clini-
cal investigations (pooled sensitivity = 76.4 percent). When
translated into clinical practice, these results indicate that ap-
proximately one quarter of patients with acute appendicitis
may be misdiagnosed on the basis of their ultrasound result.
This reduces the clinician’s confidence in the ultrasound re-
sults, in turn increasing the need for additional diagnostic
investigations to rule out appendicitis.

In contrast, in both settings, the relatively high specificity
results indicate that ultrasound has considerable value in the
detection of patients who do not have acute appendicitis. This
distinction is based upon data from studies that, in most cases,
classified all nonvisualizations of the appendix as a negative
ultrasound result. In clinical practice, this will also have im-
plications for resource use if these patients in fact go on
to have repeat ultrasound or other diagnostic investigations.
Higher diagnostic accuracy was apparent in the most recent
trials, suggesting that technological advances may have im-
proved the diagnostic performance of ultrasound.

The current systematic review found that CT has con-
siderable ability to detect patients with acute appendicitis

(pooled sensitivity = 96.5 percent). This finding was equally
the case when used in all presentations and in only patients
with equivocal diagnoses after other diagnostic testing. Simi-
larly, in both settings, the relatively high specificity indicates
that CT has considerable value in the detection of patients
who do not have acute appendicitis (pooled specificity =
94.7 percent). When translated into clinical practice, these
results indicate that clinicians can have confidence in CT
results, in turn reducing the need for additional diagnostic
investigations.

Direct comparison of diagnostic performance was un-
dertaken in only one of the studies reviewed here (68), with
the same patients undergoing both ultrasound and CT scan-
ning. CT was found to have better diagnostic performance
than ultrasound, particularly with respect to sensitivity.

The results of the current study are confirmed by another
systematic review of CT and US, which was published con-
currently with the peer review of this publication (59). The
authors of this publication also found that CT had a higher
sensitivity (94 percent) and specificity (95 percent) than US
(sensitivity = 86 percent; specificity = 81 percent). Teresawa
et al. (2004) also found that there was a wide variation in ap-
pendicitis prevalence in the publications they reviewed. They
noted that it was problematic to explore the reasons for these
differing prevalences, because the studies did not describe
the patient populations in sufficient detail.

Use of the current systematic review’s results in the plan-
ning of individual diagnostic testing, or in best-practice ad-
vice for populations of patients, requires that several factors
be taken into account alongside the diagnostic performance
of the tests themselves. Possible reductions in test ordering
based on the more accurate CT findings would have to be
borne out empirically. The higher capital costs of CT may
restrict availability in diagnosing common conditions such as
suspected appendicitis. This restriction may be exacerbated
by reduced after-hours availability for emergency patients,
where US is more likely to be available. The lower capital
cost of ultrasound, however, is offset by its greater operator
dependence, combined with (or perhaps contributing to) its
lower sensitivity in diagnosing appendicitis. Timely access
to diagnostic information, thus, must be weighed against the
higher sensitivity of CT. Economic evaluation would need to
compare the clinical and cost implications of false-positive
and false-negative diagnoses arising from use of both tech-
nologies. Clinicians in the emergency department are acutely
aware of the trade-offs between delayed diagnosis and a neg-
ative appendicectomy, both with potential risks to patients.
This is particularly the case for women patients, as long-term
fertility risks must be considered in addition to the risks of
the acute phase of the disease.

Finally, it is important to consider the quality of the
included studies in the interpretation of these findings. In
general, the studies are of poor methodological quality,
with considerable potential for bias, particularly with re-
spect to patient selection. Future evaluation of diagnostic
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technologies in appendicitis should take care to clearly define
the patient population in whom the diagnostic performance is
being measured. In particular, authors should clearly define
and report the patient recruitment criteria and the nature of
previous clinical and diagnostic investigations. In addition,
many of the studies suffer from poor follow-up of patients
with negative ultrasound results, and few of the studies in-
terpreted imaging findings independent of other clinical in-
formation. As a result, it is difficult to definitively determine
the “added value” of either ultrasound or CT in the diagnosis
of acute appendicitis.

Whereas the current systematic review suggests that CT
is a sensitive and specific diagnostic modality, it does not
support the routine use of CT in the diagnosis of acute ap-
pendicitis. Other factors, such as the cost and time delay
associated with obtaining a CT scan, are essential consider-
ations.
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