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EVIDENCE FOR IMPROVEMENT

For more than a hundred years, the diagnosis of acute appendicitis has been based on history
taking, physical examination findings, and, to a lesser extent, laboratory results [1]. For
experienced clinicians, an accurate diagnosis is straightforward in most patients, yet
misdiagnosis stubbornly persists. There are 3 principal scenarios in which misdiagnosis
occurs, and a speculative fourth:

1. appendicitis is diagnosed, the patient undergoes an operation, and non-appendiceal
disease is discovered, which may or may not benefit from surgical intervention (eg,
gynecologic lesions or inflammatory bowel disease of the terminal ileum); in this
setting, the appendix may or may not be removed;

2. appendicitis is diagnosed, the patient undergoes an operation, and no abnormality is
found; again, the appendix may or may not be removed,

3. appendicitis is not diagnosed but the patient does have an inflamed appendix (this
would most often manifest as a patient who returned with persistent or recurrent
appendicitis or with a perforation or other complication such as an abscess);

4. appendicitis is diagnosed that would have spontaneously resolved and is therefore
clinically irrelevant (it has been suggested that increasing use of sensitive imaging
such as computed tomography [CT] can detect mild inflammation of the appendix,
which would otherwise resolve without antibiotics or surgical intervention) [2-4].

The first 2 forms of misdiagnosis, collectively referred to as negative appendectomy (NA)
when the appendix is removed, are especially important to researchers interested in quality
improvement, because they occur at the intersection of historical practice patterns that favor
sensitivity over specificity and because appendicitis, straightforward to diagnose in most, is
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also closely mimicked by other pelvic diseases, particularly in reproductive-aged women.
The third form of misdiagnosis (missed cases of appendicitis) is undoubtedly important, but
its clinical significance is complicated to define: some cases may resolve without therapy;
some early cases may progress over a period of observation, allowing for detection on repeat
evaluation (but without adverse impact on patients’ outcomes); or, in some instances,
patients with missed diagnoses may progress to perforation and re-present with complicated
appendicitis. Concern for the third scenario tended to drive clinical practice toward the first
2 forms of misdiagnosis: a high number of negative explorations for suspected appendicitis
were tolerated as surgeons endeavored to miss no cases, thereby averting perforation. This
strategy is exemplified by Cantrell and Stafford’s 1955 admonition that

every effort should be made to establish an exact diagnosis. If, however, this is
impossible and a suspicion of appendicitis exists, exploration is mandatory. It is far
better to subject a moderate number of patients to a theoretically unnecessary
operation than to let one patient suffer perforation [5].

Based on these beliefs, frequency of NA as high as 15% to 25% was common in surgical
practice until recently. A nearly 50% NA rate was considered acceptable among pregnant
women given the risks of perforation during pregnancy [6-9].

However, in the 1990s, investigators began to publish the results of studies in which CT
scanning was used in the evaluation of suspected appendicitis. Rao and his colleagues in
Boston focused their investigations specifically on the safe reduction of NA. Although
multiple follow-up studies showed that CT for appendicitis was accurate and reliable,
reducing NA was not without controversy: many surgeons still feared that attempts to reduce
NA would lead to an increase in the frequency of perforation [10]. As CT became nearly
ubiquitous in appendicitis, the perception persisted that it was overhyped and overused: 74%
of the respondents to a large survey of the American College of Surgeons believed that the
accuracy of CT scans was less than that reported in the literature and 62% believed that CT
was overused in the workup for suspected appendicitis [11]. Some early reports suggested
that advanced imaging was not influential in reducing NA [8,12-15]. However, evidence
began to accumulate that the frequency of NA was steadily decreasing (Fig. 1) and that this
relationship was associated with increased use of advanced diagnostic imaging. Moreover,
these studies found no associated increase in the frequency of perforation (Fig. 2) [16-22].
There is now clear evidence that previously common NA rates of 15% to 25% should no
longer be considered acceptable. In our view, this new standard has been accomplished by
integrating high-quality advanced radiographic imaging into diagnostic algorithms for
suspected appendicitis.

The data behind this assertion are mostly drawn from retrospective investigations with study
populations of patients who had appendectomies. In terms of causal inferences, studies with
this design present some challenges: there may be uncontrolled biases in terms of why
certain patients were imaged, or, in longitudinal studies over time, other changes in the
diagnosis of appendicitis may have accounted for, or at least contributed to, the reductions
seen in NA. All of these cautions notwithstanding, a multitude of studies over the past 25
years have evaluated the relationship between imaging and NA and have shown that the use
of imaging is associated with a reduction in NA [7,16-20,22-41]. This association has not

Adv Surg. Author manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Drake and Flum

Page 3

been universally shown, and there are several studies of appendectomy patients that have not
found a relationship between imaging use and NA (Table 1) [8,12-15,42-46]. Several of
these articles deserve mention. The 2001 article by Lee and colleagues [42], perhaps because
of its unequivocal title, is frequently cited by those who argue against routine imaging in
suspected appendicitis. The chief findings were that clinical examination and CT scan have
equivalent sensitivity (83% vs 83.8%, respectively) and positive predictive value (PPV)
(86.7% vs 83.8%) and that ultrasonography (US) performed inferiorly to both (sensitivity
35.5% and PPV 81.3%). However, these findings are limited because only 47 patients
underwent CT in this group of 766 patients. Furthermore, their calculations of specificity
and negative predictive value (NPV) are not reliable because such calculations cannot be
based solely on patients who had an appendectomy; all patients undergoing a test are
required for accurate computation of specificity and NPV.

Regarding the 2001 article by our group, the data presented were from 1987 to 1998 and
showed no chronologic change in NA in Washington State, either as a percentage of all
appendectomies performed (overall NA 15.5%) or as a population-based incidence. These
data were based on diagnoses and procedure codes, and it was not possible to determine
whether patients were being imaged more frequently (although it was clear that more
imaging services were available), nor could comparisons be made between those who were
and were not imaged. However, these data did clearly show, whether from lack of use or
lack of effectiveness, that the purported benefits of advanced imaging were not being seen at
the population level or across diverse hospital settings [8]. This population-based analysis
was reinforced by a follow-up 2005 study in a large, statewide managed-health system (data
from 1980-1999). The overall frequency of NA was also 15.5%, and there was no
correlation between increasing use of CT and the relatively stable frequency of NA [15].
However, since these earlier studies, 2 recent analyses by our group using data abstracted
directly from patient records have shown dramatic changes in the frequency of NA across
Washington State: both studies demonstrated a clear reduction in NA, and both studies
demonstrated a benefit for advanced imaging [22,36]. The statewide frequency of NA,
estimated most recently for 2011, was 4.3%. Perhaps most striking were the reductions
observed among reproductive-aged women. For these patients, the original 2001 study found
that the average frequency of NA was 26.4% over the entire decade studied (1987-1998)
[8]. This number decreased to 8.1% in the cohort of patients from 2006 to 2011, and large
differences related to imaging use were evident: 24.7% of reproductive-aged women who
did not receive advanced imaging underwent NA (essentially the same frequency of NA as
in the 1990s) versus 6.9% of those women who did undergo imaging. After adjusting for
age, white blood cell (WBC) count, and institution in a multivariate regression model, the
odds of NA for reproductive-aged women without imaging were 3.5 times the odds of NA
for those who were imaged [22].

Not all of the data on imaging and NA come from retrospective studies. We know of 6
studies published since 2000 that evaluated the relationship between imaging use and NA
using prospective methodologies. In 3 of these studies, patients were randomized to a
particular evaluation protocol [47-52]. All of these studies were strengthened by a design
that focuses on patients suspected of having appendicitis, not retrospective evaluation of
patients who underwent appendectomy.
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In the most recent of these studies, 100 patients were evaluated by surgeons and assigned to
a high, indeterminate, or low probability of having appendicitis. After allocation, CT scans
were reviewed (if already ordered) or ordered if desired by the consulting surgeon. Seventy
patients underwent appendectomy, and overall frequency of NA was 5.7%. Only 23 of the
63 highly suspicious patients had a CT scan, but in 2 of these patients, appendicitis was
ruled out. Of the 27 indeterminate patients, 26 had CT scans; 11 were positive and 9 of these
had appendicitis at appendectomy. Seven of the 10 patients in the low-suspicion group had
CT, and 2 patients were found to have appendicitis. The investigators concluded that CT
rarely changes management in patients highly suspicious for appendicitis (although it did
assist surgeons in avoiding 2 unnecessary operations) but frequently changes management
when the clinical diagnosis is less certain [52].

In 1 of the randomized investigations, 152 adult patients suspected of having appendicitis
were randomized to a mandatory CT scan group or to a selective CT scan group, in which
the emergency department (ED) physicians and consulting surgeons could order CT as
dictated by their clinical certainty. The results were striking. CT scans were performed in 54
of 80 patients in the selective group and 70 of the 72 patients in the mandatory group.
Frequency of NA in the mandatory group was 2.6% versus 13.9% in the selective group.
The investigators did not find statistical significance in this difference (the article does not
indicate which statistical tests were used to generate confidence intervals [Cls]), but they
raised concern in their discussion for a type Il error, noting that an 11% reduction in NA
would certainly be clinically significant. The percentage of patients with appendicitis in each
arm of the study was different (54.2% in the mandatory arm and 47.5% in the selective arm),
and frequency of perforation differed as well (10.3% in the mandatory arm and 18.4% in the
selective arm) [50]. Although these differences were not significant by the published Cls,
perforation may have influenced diagnostic performance of clinical examination or CT. This
finding likely represents insufficient sample size for adequate randomization, but may
reflect the increased sensitivity of CT scan for mild appendicitis compared with clinical
evaluation. (Some have argued, and the results of this study seem to support this argument,
that routine CT scanning detects more cases of mild, possibly self-limiting cases of
appendicitis, increasing the denominator in percentage calculations of perforation, which
misleadingly reduces the number of perforations compared with populations in which CT
scan is used less frequently and in which mild cases go undetected. For this reason, they
argue that population-based incidences of perforation are a more reliable comparative metric
[2-4,53]).

In another randomized study with a similar design and similar results, investigators found
that NA was dramatically reduced by mandatory CT scanning (19% in the selective CT
group vs 5% in the mandatory CT group) and that clinical management was altered in 26%
of patients who underwent CT. In this study, CT scanning benefited both young men and
reproductive-age women. Sensitivity of CT among patients in the mandatory CT arm was
94%, specificity was 100%, and accuracy was 96%. For those patients in the standard
management arm (which could include US, observation, surgical exploration, or CT scan if
requested by the consulting surgeon), sensitivity of standard management was 100%, but
specificity was 67% and accuracy was 85% [47].
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There is 1 randomized trial that did not show a benefit to the use of advanced imaging over
clinical examination alone. In this 2003 study, adult patients were randomized to clinical
evaluation alone versus clinical evaluation and CT scan. (Patients with an Alvarado score
[see later discussion for detailed explanation of the Alvarado score] >8 were taken directly
to the operating room (OR), but those with a score from 2 to 8 were randomized.) More than
20% of patients in both arms did not follow the study protocol, and there were substantially
more men in the clinical evaluation arm than in the CT arm, a clear advantage for clinical
examination. Frequency of NA is not reported, but the investigators found that accuracy was
equivalent for the 2 evaluation protocols and concluded that routine CT was not useful in
reducing misdiagnosis, even among patients with equivocal clinical findings [49]. Given the
methodological weaknesses and the protocol violations of the study, this conclusion seems
unwarranted.

A preponderance of observational and experimental data over the last 25 years support the
assertion that NA has been reduced safely and without an associated increase in perforation;
most studies find an association between reduced NA and the use of advanced imaging.
Although most studies are based on observational data, the randomized trials highlighted
suggest that the associations found in observational studies represent causal relationships.
The experience in Washington State is instructive: in 2006, the Surgical Care and Outcomes
Assessment Program (SCOAP), a statewide, voluntary collaboration of surgeons and
hospitals, made a commitment to safely reduce NA among its member hospitals. The
strategy for this reduction was a commitment to the routine use of high-quality,
benchmarked imaging before appendectomy, especially for reproductive-aged women. (In
SCOAP, “benchmark” means a performance standard that is based on the outcome and
process results achieved by high-performing member institutions. When quarterly, de-
identified reports are issued, member hospitals can measure and monitor their own
performance relative to their peers). As the use of imaging increased over the subsequent 6
years, we observed a significant decline in the number of NA, with no change in the
frequency of perforation (Fig. 3) [22]. Given earlier findings that implicated suboptimal
accuracy of imaging in the persistent levels of NA [15,36], SCOAP began to monitor and
benchmark diagnostic performance of imaging among member hospitals. Observational data
cannot prove causality, but given the temporal relationship, the size of the association, and
the numerous additional studies with similar findings (including some randomized trials),
we believe that there is strong evidence to support SCOAP’s emphasis on high-quality
imaging and that this emphasis has driven much of the observed decline in unnecessary
operations.

STRATEGIES FOR IMPROVEMENT

There are numerous tools that clinicians may use in evaluating patients with suspected
appendicitis. How these tools are combined into practice depends heavily on the setting,
resource availability, and clinical goals. For instance, in rural Kenya, accurate clinical
assessment remains the cornerstone of diagnosis for everyone. In Washington State,
diagnostic goals may vary depending on the patient: for children, minimizing exposure to
ionizing radiation may mitigate the desire for superior diagnostic information; for women
age 18 to 35 years, accurately ruling out nonappendiceal disease may be a priority; for
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elderly patients, in whom radiation is less of a risk, the clarity and amount of information
provided by CT scan may warrant its routine use. Although we advocate for the routine use
of advanced imaging in our setting, because we know that this reduces misdiagnosis and
unnecessary operations, in other settings and other populations, alternate strategies may be
warranted. Clinicians can use the information presented below and in Tables 1-4 to
formulate their own best practices. In addition to detailing some of the history of research
into the diagnosis of appendicitis, the tables present diverse study designs, settings, and
populations, which may be applicable to a variety of clinical scenarios.

Clinical evaluation

Surgical textbooks describe a classic presentation of appendicitis in which an initially
diffuse or periumbilical abdominal pain migrates to the right iliac fossa. Symptoms
frequently include nausea, vomiting, anorexia, and, less consistently, a history of fevers or
chills. Examination findings include tenderness over McBurney’s point (especially rebound
tenderness), Rovsing sign (pain in the right lower quadrant (RLQ) when the left lower
quadrant is palpated), and the psoas sign (an exacerbation of pain in the RLQ with flexion or
extension of the right hip joint), all of which indicate focal peritoneal irritation. Expected
laboratory findings include a leukocytosis with a left shift and an increased C-reactive
protein (CRP) level [54-56].

Several clinical scoring systems have been proposed to facilitate the accurate clinical
diagnosis of appendicitis. The most well-known of these is the Alvarado score (Box 1) [57].
Introduced in 1986, the score is based on 3 symptoms, 3 signs, and 2 laboratory findings.
Each of these factors equals 1 point except for tenderness in the RLQ and leukocytosis, both
of which earn 2 points. Alvarado recommended taking patients to surgery for a score of 7 or
greater.

Box 1

A practical score for the diagnosis of appendicitis (Alvarado score)

Symptoms Migration of abdominal pain to the RLQ
Anorexia (or acetone in the urine)

Nausea/vomiting

Rebound pain
Increase of temperature (=37.3 °C)

1
1
1
Signs Tenderness in the RLQ 2
1
1
Laboratory Leukocytosis (>10,000) 2

1

Shift to the left (in a differentiated WBC count) (eg, neutrophilia >75%)

Cumulative score

5-6 compatible with acute appendicitis

7-8 probable for acute appendicitis

9-10 very probable for acute appendicitis.

A score of 5 or 6 may be observed. A score of 7 or higher should proceed to appendectomy. In the original 1986

monograph, MANTRELS was the mnemonic proposed by Dr Alvarado for use of the score.
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Aaapted from Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann Emerg Med
1986;15(5):557—64.

Since publication of the Alvarado score, several investigators have attempted to quantify the
diagnostic accuracy of clinical evaluation as well as the individual prognostic value of
various signs, symptoms, and laboratory results. One study of 766 adult and pediatric
appendectomy patients found that clinical assessment was overall 75% accurate in detecting
and ruling out appendicitis; sensitivity was estimated at 83% and PPV 86.7%. (As noted
earlier, this study is limited in that patients who were not taken to the OR were not included
in the calculations of diagnostic performance.) Individual findings identified as important
included abdominal pain (99% of patients reported pain), nausea (81.7%), anorexia (72.4%),
and emesis (67.7%). Findings with the greatest PPV were leukocytosis (PPV = 90.1%) and
migration of abdominal pain (PPV = 91%) [42].

A more recent study prospectively examined the diagnostic performance of clinical
impression, the Alvarado score, and CT scan in patients (age >15 years) who presented to
the ED with suspected appendicitis. Sensitivity of clinical impression was 57.7% and was
42.2% for an Alvarado score of 8 or greater. Specificity was 71.6% and 79.1%, respectively.
In this particular cohort of patients with suspected appendicitis, the 5 most common findings
among those diagnosed with appendicitis were tenderness in the RLQ (92.2%), leukocytosis
(75.6%), neutrophilia (73.3%), rebound tenderness (72.2%), and migratory pain (62.2%).
Just more than half of the patients reported anorexia, nausea, or vomiting, and about a
quarter were febrile [51].

Using 2 different methodologies (meta-analysis and a large cohort study), Andersson [1]
examined the individual importance of specific clinical findings in suspected appendicitis. In
the meta-analysis, receiver-operator curves (ROC) and likelihood ratios (LR) were generated
from pooled data. Area under the ROC (AROC) was calculated (an AROC = 0.5 indicates
that a test has no discriminatory ability). Anorexia (AROC = 0.58) and nausea (AROC =
0.56) had low discriminatory power. Migration of pain (AROC = 0.68) was the most
valuable history finding. In terms of examination, tenderness alone had an AROC of 0.62,
but signs of peritoneal irritation were stronger predictors of appendicitis: rebound tenderness
had an AROC of 0.70 and guarding had an AROC of 0.68. Among laboratory tests, and also
overall, WBC count, granulocyte count, and CRP level were the strongest discriminants of
appendicitis (AROC = 0.77, 0.78, and 0.75, respectively). Combining 2 laboratory markers
of inflammation had even stronger discriminatory and predictive power. The best
performing combination was a WBC count greater than 10,000/L and CRP greater than 12
mg/L, with an AROC of 0.96 and LR of 23.3. These same investigators subsequently used a
cohort of patients with suspected appendicitis to develop a clinical prediction tool that was
validated in a separate prospective cohort (Box 2) [58]. In terms of sensitivity and
specificity, this new tool performed similarly to Alvarado score; however, the Andersson
score showed modest improvement in reducing the number of indeterminate results and in
overall AROC. For the Andersson score, AROC was 0.93, and for the Alvarado score,
AROC was 0.88 [58,59].
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Box 2

The appendicitis inflammatory response score (Andersson score)

Variable Level Score
Pain or tenderness in RLQ +1
Vomiting +1
Rebound tenderness or muscular defense Slight +1
Moderate +2
Strong +3
WBC count 10-14.9 x 109/L +1
>15.0 x 109/L +2
Proportion neutrophils 70%—-84% +1
285% +2
CRP concentration 10-49 mg/L +1
250 +2
Body temperature >38.5°C +1

Summation of points

0-4 = low probability for appendicitis; outpatient follow-up if unaltered general condition

5-8 = indeterminate; in-hospital active observation with rescoring, imaging, or diagnostic laparoscopy
according to local practice

9-12 = high probability for appendicitis; surgical exploration recommended

Adapted from Andersson M, Andersson R. The appendicitis inflammatory response score: a tool for the
diagnosis of acute appendicitis that outperforms the Alvarado score. World J Surg 2008;32(8):1843-9; with

permission.

Ultrasound

US (see Table 2) has advantages over CT scanning, especially in terms of radiation
exposure, but most studies have found that it performs inferiorly in terms of accuracy
[25,26,28,48,60-63]. In 1 large prospective trial of US versus CT (n = 199 patients), the 2
modalities performed similarly, but completely unenhanced CT was used (ie, no oral, rectal,
or intravenous [IV] contrast) and accuracy of CT in this study was inferior to most other
published studies [64]. Consistently, sensitivity of US has been found inferior to its
specificity [25,27,60-62,65].

To our knowledge, US has not been thoroughly evaluated in a nonacademic setting. In the
2012 SCOAP study, across a diverse group of hospitals, cumulative sensitivity of US was
47.8% [22]. Because we did not study those with suspected appendicitis (only
appendectomies), our capture of true-negative results was limited, which prevented a
calculation of specificity. Because we had access to information directly from patient charts,
we were able to ascertain that the low sensitivity we observed resulted primarily from a
large number of indeterminate US reports. (It is notable that many investigators exclude
inconclusive results from their calculations of sensitivity, specificity, PPV, or NPV [48].)
Two prospective trials of CT versus US in suspected appendicitis had similar findings:
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indeterminate imaging results were significantly more frequent with US than with CT
[48,62]. In 1 of these, nearly 75% of US studies were equivocal, and US did not rule out a
single patient without appendicitis [48].

However, in clinical investigations, US often performs better than 47.8% sensitivity. Of the
12 studies presented in Table 2, all of which obtained data from patients suspected of having
appendicitis (ie, not surgical patients only), sensitivity for appendicitis ranged from 76% to
98%. A rigorous 2006 meta-analysis of CT and US included 57 studies (both retrospective
and prospective) and more than 13,000 patients. Studies were included only if absolute
numbers of true-positive, true-negative, false-positive, and false-negative results were
available, and the data were stratified by age so that adults and children could be considered
separately. In children, sensitivity for US was 88% and specificity was 94%. For adults,
sensitivity was 83% and specificity was 93% [61].

A well-designed Austrian study prospectively followed 350 patients evaluated by US for
suspected appendicitis and determined that sensitivity was 98%, specificity was 98%, PPV
was 96%, and NPV 99%. Of the 144 patients with a high clinical suspicion for appendicitis
(assessment made by experienced surgeons before US), 34.8% did not have appendicitis.
Among these 144 patients, US was inconclusive in only 4 patients, missed 1 case of
appendicitis, and missed 2 other nonappendicitis conditions [66]. These are impressive
findings, and the investigators note that their results are possible only because of long-
standing close cooperation between the diagnostic imaging and surgical teams. These results
exemplify what Bachur and colleagues [40] found in a recent study of US using a large,
nationwide pediatric database: although there is a significant negative association, overall,
between US use and NA in pediatric hospitals, among institutions that use US infrequently,
there is dramatic variability in frequency of NA. The investigators attributed this finding to
varying experience levels of sonographers and those interpreting the images.

When the appendix can be visualized, US performs well [66,67]. Furthermore, in specialized
centers in which US for suspected appendicitis is emphasized, high-quality results are
possible. Observational data suggest that performance of US in some community settings
lags behind the results achieved in clinical studies.

Computed Tomography

CT is more widely used in the workup of suspected appendicitis and there is extensive
literature on the subject (see Table 3). In addition to their assessment of US, Doria and
colleagues [61] also performed a meta-analysis for CT scan. The results showed a notable
improvement in sensitivity for CT over US. For adults, pooled sensitivity and specificity of
CT were both 94%. For children, sensitivity was 94% and specificity 95%. In a systematic
review of CT scan in adults, Neumayer and Kennedy [9] found that sensitivity ranged from
77% to 100% and that specificity ranged from 83% to 100%. The results reported in this
systematic review were derived from studies with diverse patient populations and in which
different CT protocols were used (for instance, without enteral contrast, completely
unenhanced, or with both enteral and IV contrast). Some studies considered only patients in
whom clinical findings were not convincing enough to warrant immediate appendectomy
(so-called atypical patients). It is likely that this variability in study population and imaging
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protocols (which is also reflected in Table 3) at least partially explains the wide differences
in results. CT technology has also become more advanced over the last 20 years (for
example 4-detector or single-detector scanners common in the early days of CT for
appendicitis have given way to 64-multidetector helical scanners), leading some to suggest
an association between improved technology and improved diagnostic performance [68].
Indeed, several studies of CT published since the Neumayer review and Doria meta-analysis
have reported superior diagnostic performance [51,65,69,70], including 1 study that used
low-dose radiation protocols [71]. One of these studies evaluated a large number of patients
with suspected appendicitis (2871 consecutive adults) and followed those who did not
undergo surgery with a rigorous follow-up protocol. CT scan sensitivity was 98.5%,
specificity was 98%, NPV was 99.5%, and PPV was 93.9% [69]. As CT technology has
improved, and as radiologists and surgeons have grown more comfortable and skillful in
interpreting scans for appendicitis, many of the sensitivities and specificities reported from
earlier in the era of CT for suspected appendicitis should be considered obsolete.

CT scan is also adept at revealing alternative diagnoses when appendicitis is not the cause of
patients’ RLQ pain. Of the 23 studies cited in the Neumayer review article, 13 articles
reported the percentage of patients for whom an alternative diagnosis was uncovered by CT
scan; this ranged from 6% to 36%, with a median of 21% [9]. In the large recent trial by
Pickhardt and colleagues [69], alternative diagnoses were identified or suggested by CT in
42.1% of the patients who did not undergo appendectomy and who did not have CT findings
suggestive of appendicitis. These CT findings represented a wide variety of clinical
conditions, including other gastrointestinal conditions, gynecologic diseases, and urinary
tract diseases.

Magnetic resonance imaging

Innovation in the use of magnetic resonance imaging (MRI) in the diagnosis of appendicitis
has been primarily focused on its use in pregnant patients and in children (2 populations at
particular risk from exposure to ionizing radiation) [72]. However, there are also studies on
the use of MRI in general patients presenting with acute RLQ pain or suspected appendicitis
(see Table 4). A recent meta-analysis combined the results of 8 previous studies (for a total
of 363 patients). Studies were included only if the total number of true-positive, true-
negative, false-positive, and false-negative results were available or derivable. Of the 363
patients included, the appendix could not be identified in only 8 patients. The investigators
reported a sensitivity of 97% (95% CI 92%-99%) and specificity of 95% (95% CI 94%—
99%). This meta-analysis included both enhanced and unenhanced scans [73].

In a prospective study by Cobben and colleagues [74], US was followed by MRI in all
enrolled patients (n = 138). In 36 of these patients, US showed no abnormalities and did not
visualize the appendix. Of these 36 patients, MRI showed that 8 had acute appendicitis and
uncovered an alternative diagnosis in 4 patients. Even among patients who were clinically
believed likely to have appendicitis (patients were stratified before imaging), MRI ruled out
appendicitis in 22 patients, preventing 22 unnecessary operations. In 12 patients, the MRI
was equivocal (ie, the appendix was not visualized), but the appendix had been visualized
and noted to be normal on US in 10 of these patients. The investigators speculated that the

Adv Surg. Author manuscript; available in PMC 2014 October 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Drake and Flum

Page 11

MRI could not visualize the appendix in these 12 patients because they were thin and had
little intra-abdominal fat. Although MRI is a relatively expensive imaging modality, the
investigators estimated a substantial cost savings from reductions in unnecessary operations
and inpatient observation. According to the investigators, 1 of the benefits of the protocol
used in this study (T1, T2, and T2 fat-suppression breath-hold sequences) is that the
sequences are “easy to use and learn and are quick,” which has the advantage of making
“MRI more user-friendly [and may] lead to its more frequent use out of hours.”

Diagnostic laparoscopy

In the early 1990s, diagnostic laparoscopy arose as a tool in the diagnosis of appendicitis.
This was a time in which advanced imaging was not yet routinely used (investigation into
imaging was happening roughly concomitantly with the trials involving diagnostic
laparoscopy). A Cochrane review updated in 2010 evaluated both the therapeutic and
diagnostic benefits of laparoscopy in appendicitis. In this analysis of diagnostic laparoscopy,
studies were included only if the laparoscopic procedure was explicitly designed to address
diagnosis and that (at least in cases where another diagnosis was evident on laparoscopy) the
macroscopically normal appendix was left in situ. In this meta-analysis, which included 14
studies, the weighted relative risk (RR) of having a normal appendix removed for patients
who received diagnostic laparoscopy versus patients who proceeded directly to therapeutic
appendectomy was 0.37 (however, the 95% CI was 0.13-1.01). Among reproductive-aged
women, the reduction in NA was more impressive, with an RR of 0.20 (95% CI 0.11-0.34).
The RR of not having a diagnosis made was also significantly reduced by diagnostic
laparoscopy (0.27, 95% CI1 0.17-0.44) [75].

Special populations

Pregnant patients—Appendectomy is the most common nonobstetric surgical procedure
performed in pregnant women [76]. Diagnosis of appendicitis in pregnant women is
challenging, because many of the typical findings of appendicitis (eg, nausea, vomiting,
abdominal discomfort, increased WBC count) are also present in a normal pregnancy;
furthermore, the appendix may be displaced by the developing fetus and enlarging uterus
[77]. Accurate and timely diagnosis is crucial, because perforation is associated with
increased fetal and maternal complications, including fetal demise [78]. This risk is why the
surgical literature once indicated that NA rates of 50% were acceptable in pregnant women
[9]. However, the risks to a fetus of an operation and exposure to general anesthesia are not
trivial. Avoiding NA when possible is important [79], and efforts have been focused on
improving the accuracy with which appendicitis is diagnosed in pregnant patients.

CT is used when appendicitis is suspected in pregnant women, but, because of the risks of
ionizing radiation, many clinicians prefer to use CT only when US or MRI is inconclusive
[80,81]. Estimates of fetal radiation exposure from CT scans for appendicitis range from
19.9 to 43.6 mGy depending on the trimester. A radiation dose less than 50 mGy is
considered safe from deterministic effects (threshold-dependent and dose-dependent
effects), and it is the point at which there is a less than 1% risk of stochastic effects (dose-
independent effects without a threshold). However, malignancies are generally considered
related to the stochastic effects of radiation, and Long and colleagues [81] state “there is an
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estimated doubling in the overall risk for childhood cancer in a fetus exposed to 30.0 mGy
of radiation during an MDCT appendix protocol examination,” citing RR data from the
International Commission on Radiologic Protection. Because of the potential for
teratogenicity and carcinogenicity, the 2007 American College of Radiology
Appropriateness Criteria guidelines recommend MRI and US over CT in the evaluation of
RLQ pain in pregnant patients.

US, using the graded compression technique, is the most frequently used modality for
evaluating suspected appendicitis in pregnant women. Many studies report poor
performance for US, related in most cases to nonvisualization of the appendix [78]. In a
recent study of 99 women in the second or third trimester, US failed to locate the appendix
in 97% of patients. Overall, 7 of the 99 patients had appendicitis, and only 2 of these
patients had a positive US [78]. Other recent studies have reported equally dismal results for
US in pregnant patients: nonvisualization ranged from 88% to 96% [82,83].

Because of this problem, MRI has emerged as a compelling option to evaluate suspected
appendicitis in pregnant patients [84]. In a systematic review, Basaran and Basaran [81]
compared CT scan with MRI and showed equivalent performance for both modalities in the
second and third trimester of pregnancy (for both modalities, studies included mostly
patients with a previous normal or inconclusive US because, in many instances, patients
with conclusive US are taken directly to the OR without proceeding to CT or MRI). For CT,
pooled sensitivity was 85.7% and specificity was 97.4%. For MRI, pooled sensitivity was
80% and specificity was 99% [85]. In a 2011 meta-analysis of MRI that includes 2
additional large studies not included in the Basaran review, pooled sensitivity for MRI was
91%, specificity 98%, PPV 86%, and NPV 99%. In this meta-analysis, as in most of the
articles that provided data, scans in which the appendix was not seen but there was no
evidence of RLQ inflammation were included as negative results for the purposes of
calculating performance characteristics.

Pediatric patients—The use of imaging in pediatric patients to reduce NA has shown
some variability (see Table 1). Some studies have shown improvements with increased
imaging [7,26,27,33,40,41] and others have shown no reduction in NA [13,28,43]. A recent
nationwide study of 52,426 pediatric patients (all after appendectomy) found that there was
no association between CT scan use and NA but that the increasing use of US or US and CT
(at the institutional level) was inversely associated with the frequency of NA [40]. Other
studies have shown improved performance for CT over US in pediatric patients [26,33,61].

As with pregnant patients, ionizing radiation is an important concern in children. Although
US may not perform as well as CT, studies based in centers that emphasize sonographic
evaluation of suspected appendicitis have generated impressive results [66]. A 2001 study of
US in children reported 93% sensitivity, 94.5% specificity, 86% PPV, and 97% NPV (of
2056 US evaluations for suspected appendicitis). These investigators concluded that US
could improve accuracy of diagnosing appendicitis in children, especially when repeat US is
used for initially indeterminate studies [27].
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Recognizing the benefits of US in terms of radiation exposure and the benefits of CT in
diagnostic accuracy, several high-quality studies have prospectively assessed an imaging
protocol in which US is the first modality used followed by CT scan only for equivocal US.
All showed acceptable sensitivity and specificity [63,65,67,86-88]. Three of these studies
were performed specifically in pediatric populations: in the first study, from 1999, the
algorithm achieved 94% sensitivity, 94% specificity, a PPV of 90%, and an NPV of 97%
[86]. The 2 more recent studies are both from the same center [67,87]. The 2011 article
reported sensitivity of 98.6%, specificity of 90.6%, a PPV of 84.6%, and an NPV of 93.3%.
Frequency of NA was 8.1%. Of the 631 children who followed the imaging protocol, 52.6%
were spared a CT scan and exposure to radiation. There was 1 (0.16%) missed case of
appendicitis overall, (although there were 3 false-negative results from the overall protocol;
2 of these patients were taken to the OR based on clinical suspicion). Notably, nearly half of
the patients who presented with possible appendicitis did not follow the imaging protocol.
However, a strength of the study is the detailed description of outcomes for these
noncompliant patients. In that group, there were no missed cases of appendicitis and 7.6%
NA [87].

SUMMARY

Our attempts to systematically improve accuracy in the evaluation of patients with suspected
appendicitis are, in some ways, hindered by the fact that the condition is so frequently
straightforward to diagnose. Careful history-taking and physical examination are reliable in
most patients. However, establishing the diagnosis with these skills alone remains
vulnerable to conditions that masquerade as acute appendicitis. A substantial body of
clinical research over the last quarter-century has shown that improved accuracy is possible.
Strategies for improvement include the use of diagnostic scoring systems, laboratory makers
such as CRP, diagnostic laparoscopy, and advanced imaging modalities such as CT, MR,
and US. How clinicians use these strategies depends on many factors related to practice
setting, the population served, and clinical goals. In children, for instance, the desire to limit
exposure to ionizing radiation competes with the greater anatomic detail that a CT scan can
provide; at the same time, many hospitals that treat children do not have the resources to
maintain the sort of full-time, highly sophisticated abdominal US programs that achieve the
highest rates of diagnostic accuracy in clinical studies.

Trade-offs have to be made, but improvement is possible in almost all groups of patients: the
clinical community should no longer settle for a 15% NA rate when 5% is clearly possible
without adverse consequences. Many clinicians will be faced with the task of evaluating
patients suspected of having acute appendicitis. A deliberate, proactive, and, ideally,
benchmarked strategy for improving diagnosis should be the standard to which we hold
ourselves and the promise we deliver to our patients.
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Fig. 1.

Decrease in negative appendectomies (1998-2007). (Reprinted from Seetahal SA,
Bolorunduro OB, Sookdeo TC, et al. Negative appendectomy: a 10-year review of a
nationally representative sample. Am J Surg 2011;201(4):435; with permission.)
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Fig. 2.

Incidence of perforated or gangrenous appendicitis (1998-2007). (Reprinted from Seetahal
SA, Bolorunduro OB, Sookdeo TC, et al. Negative appendectomy: a 10-year review of a
nationally representative sample. Am J Surg 2011;201(4):436; with permission.)
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Fig. 3.

Frequency of imaging use, NA, and perforation in SCOAP hospitals, 2006-2011. Use of
imaging, NA, and perforation are expressed as annual percentages. The Cochran-Armitage
test was used to evaluate for trends over time.
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