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BACKGROUND: C
4

omputed tomography (CT) scanning reduces the negative appendectomy rate however it exposes the patient to ionizing radiation.
Ultrasound (US) does not carry this risk but may be nondiagnostic. We hypothesized that a clinical-US scoring system would im-
prove diagnostic accuracy.
METHODS: W
e conducted a retrospective review of all patients (age, >15 years) who presented through the emergency department with
suspected appendicitis and underwent initial US. A US score was developed using odds ratios for appendicitis given appendiceal
diameter, compressibility, hyperemia, free fluid, and focal or diffuse tenderness. The US score was then combined with the
Alvarado score. Final diagnosis of appendicitis was assigned by pathology reports.
RESULTS: T
hree hundred patients who underwent US as initial imaging were identified. Thirty-two patients with evident nonappendiceal pa-
thology on US were excluded. In 114 (38%), the appendix was not visualized and partially visualized in 36 (12%). Fifty-seven
(21.3%) had an appendectomy with 1 (1.7%) negative. Six nonvisualized appendicies underwent appendectomy, with no negative
cases. Sensitivity and specificity for the sonographic score were 86% and 90%, respectively, at a score of 1.5. The combined score
demonstrated 98% sensitivity and 82% specificity at 6.5, and 95% sensitivity, and 87% specificity at a score of 7.5. Sensitivity and
specificity were confirmed by bootstrap resampling for validation. Area under receiver operating characteristic (ROC) curves for
our new US score were similar to the ROC curve for the Alvarado score (91.9 and 91.1, p = 0.8). The combined US and Alvarado
score yielded an area under the ROC curve of 97.1, significantly better than either score alone (p = 0.017 and p < 0.001, respectively).
CONCLUSION: O
ur scoring system based entirely on US findings was highly sensitive and specific for appendicitis, and it significantly improved
when combined with the Alvarado score. After prospective evaluation, the combined US-Alvarado score might replace the need
for computed tomography imaging in a majority of patients. (J Trauma Acute Care Surg. 2017;83: 643–649. Copyright © 2017
Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: D
iagnostic Test, Level III.

KEYWORDS: A
ppendicitis; ultrasound; Alvarado score.
A lthough acute appendicitis was at one time considered a
clinical diagnosis, ultrasound (US) and computed tomog-

raphy (CT) scan have become common tools in the diagnostic
algorithm. Despite advances in imaging and laboratory inves-
tigation, the negative appendectomy rate is reported as high as
5% to 10%.1 Although CT scanning reduces the negative ap-
pendectomy rate to less than 4% with the increasingly fre-
quent use in the emergency room, it exposes the patient to
higher lifetime risk of radiation-induced cancers.2 This is a par-
ticularly salient concern for younger patients, and accordingly
much of the effort to minimize CT scan has been studied in
the pediatric population.3

Ultrasound represents a viable alternative to CT scan, but
is less commonly used partly due to a high rate of inconclusive
studies, up to 50% to 70% in some reports,4–7 and the high
interuser variability.8 Accordingly, many patients with equivocal
findings on USwill eventually receive a CT scan, approximately
45% in one study of pediatric patients.9 However, many of these
patients with nonvisualized appendices or equivocal findings
may not ultimately have appendicitis.7,10 Multiple studies have
attempted to identify patients with equivocal US findings who
can safely avoid additional imaging with CT. Stewart et al.11

found that only 5.4% of patients with a nonvisualized appendix
were eventually found to have pathologically confirmed ap-
pendicitis. Similarly, Cohen et al.10 calculated the negative pre-
dictive value (NPV) of a “nondiagnostic” US, subcategorizing
nonvisualized and borderline findings and determined that a
nonvisualized appendix had a NPVof 86%.

Because findings on US can be difficult to assess objec-
tively, it would be valuable to establish a weighting system for
specific findings. It may then be possible to maximize the di-
agnostic value of US and minimize the need for diagnostic test-
ing using ionizing radiation. We aimed to formulate a scoring
system that incorporates the well-established Alvarado score
for clinical findings with a scoring system of sonographic pa-
rameters to better predict the presence of acute appendicitis.
We hypothesized that our combined scoring system would
Copyright © 2017 Wolters Kluwer H
outperform both the Alvarado score and US findings when ex-
amined independently.

METHODS

After obtaining approval from the Yale Human Investiga-
tions Committee, we conducted a retrospective review of 300med-
ical records of patients who presented through the Yale NewHaven
Hospital Emergency Department with suspected appendicitis
between August 2014 and June 2015. Patients were included
in the study if they were older than 15 years and underwent
US of the abdomen as the initial imaging study. Patients were
excluded if any pathology unrelated to appendicitis but likely re-
sponsible for the patient’s abdominal pain was demonstrated on
US or if the patient was known to be pregnant.

The available history and examination findings from the
medical record were reviewed to retrospectively calculate an
Alvarado score.12 In addition to recording presenting symptoms
and examination findings, variables of interest included any sub-
sequent imaging, whether a surgical consult was obtained, opera-
tive findings if undergoing appendectomy, pathology findings,
total length of stay, and discharge disposition including any read-
mission within 7 days. Although we cannot confirm any evalua-
tion at an outside institution, we recorded any reevaluation in an
emergency department within our health system within 30 days.

Imaging reportswere reviewed and imageswere reanalyzed
by a single staff radiologist with expertise in emergency imaging.
Based on review of the literature, a consensus among the investi-
gatorswas developedwith respect to theUS parameters most likely
to predict appendicitis. Odds ratios (OR) for the ability of each of
the chosen parameters to predict appendicitis were calculated. Cho-
sen parameters included appendiceal diameter, compressibility, hy-
peremia, and secondary signs of inflammation: free fluid and focal
or diffuse tenderness. Free fluid was further categorized into no free
fluid, small or trace free fluid, and moderate free fluid. Tenderness
elicited by theUSprobewas subcategorized into no tenderness, dif-
fuse tenderness, and focal tenderness over the appendix. This was
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. Patient flow and additional imaging. All appendectomies were positive on pathology unless otherwise indicated.
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distinct from the variable derived from the physical examination
finding for tenderness during the physician evaluation. If multi-
ple physical examinations were performed, that of the surgical
staff was prioritized. If no surgical staff evaluated the patient,
the emergency room attending's history and examination were
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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documented over any other emergency room staff’s evaluation.
If the appendix was not visualized, only secondary signs were
documented. Final diagnosis of appendicitis was assigned by
reviewing pathology reports or safe discharge homewithout rep-
resentation with appendicitis during the ensuing 7 days.
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TABLE 1. Cohort Characteristics

Descriptives n %*

Total population 268

Age

Median (IQR) 23 (19–23)

Gender

Female 199 74.3

BMI

Median (IQR) 23.9 (21.3–28)

Discharge from ED 175 65.3

CT or MRI 100 37.3

Surgery 57 21.3

Presenting symptoms

Nausea 183 68.5

Anorexia 110 55.2

Migration of pain to RLQ 64 28.8

RLQ tenderness 225 90

Rebound tenderness 49 18.3

Fever > 99.1°F 76 28.4

Left shift 121 49.1

*Percent of valid total.
BMI, body mass index; RLQ, right lower quadrant.

TABLE 3. Visualization of the Appendix and Scores

Visualization Score

No Appendicitis Appendicitis

n Median IQR n Median IQR

Incomplete Alvarado 29 4 4.0–5.0 1 8.5 8.0–8.0

Sonographic 0 0.0–0.5 2.25 2.5–2.5

Combined 4 4.0–6.0 10.75 10.5–10.5

No Alvarado 94 4 3.0–5.0 6 9 9.0–9.0

Sonographic 0 0.0–5.0 0 0.0–0.0

Combined 4 3.0–5.5 9 9.0–10.0

Yes Alvarado 84 3 2.0–5.0 49 8 7.0–9.0

Sonographic 0 0.0–1.0 4.5 3.0–5.5

Combined 4 3.0–6.0 12.5 10.0–13.5

Reddy et al.
J Trauma Acute Care Surg

Volume 83, Number 4
Calculation of Sonographic Score and Analysis
The sonographic scoring criteria were determined by the

OR for a positive appendicitis diagnosis given the presence of
each parameter. The points assigned were based on relative ap-
proximations of the OR rather than exact values. By assigning
simple integer values, we hoped to simplify the calculation of
a score in a clinical setting. The total score was calculated for
each patient after assigning individual scores for each parameter.
Accordingly, the maximum possible sonographic score value
was 8. Negative or unrecorded findings were given a parameter
TABLE 2. Sonographic Score Point Assignments

Parameters Points

Compressibility

Compressible 0

Not compressible 2

Free Fluid

None 0

Small 0.5

Moderate 1

Tenderness

No tenderness 0

Diffuse 1

Focal 2

Hyperemia

No hyperemia 0

Hyperemia 1

Size

Not visualized or ≤5 mm 0

6–10 mm 1

≥11 mm 2

646
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score of 0. When the appendix could not be visualized the max-
imum score was 4 for the secondary signs (free fluid and focal
tenderness elicited by the US probe).

Cumulative sensitivity and specificity were studied by cal-
culating receiver operated characteristic (ROC) curves for the three
scoring systems. The three scoring systems were the Alvarado
score, the sonographic score, and the Combined Alvarado-
Ultrasound Score. Differences in area under the ROC curves
(AUCs) were calculated using the nonparametric methods of
DeLong et al.13 Bootstrap resampling was used to internally val-
idate our data set. Sampling was unrestricted and random with
replicates. One thousand replicate data sets were created with a
sample size equal to our original data set (n = 268). Sensitivity
and specificity for the combined score were calculated in each
simulated data set (by group analyses) as well as mean sensitiv-
ities and specificities with 95% confidence intervals (CIs),
which were compared with our raw data. All statistical analyses
were conducted on deidentified data using SAS 9.4 (SAS insti-
tute, Cary, NC).

RESULTS

We identified 300 patients being evaluated for suspected
appendicitis, who underwent US as initial imaging. Thirty-two
patients with evident nonappendiceal pathology on US were ex-
cluded from analysis. Of the remaining 268 patients, 74% were
females and the median age was 23 years. Fifty-seven (21.3%)
patients ultimately had an appendectomy during the same ad-
mission with one (1.7%) negative operation (Fig. 1).

Ninety-nine (36.9%) of our patients received additional
imaging after their US, either CTor magnetic resonance imaging
(MRI) (Table 1). Thirteen (13%) of these patients had a final
diagnosis of positive appendicitis. Sixty-three percent of patients
with a nonvisualized appendix underwent additional imaging,
TABLE 4. Sensitivities and Specificities for the Combined Score

Combined Score Sensitivity (%) Specificity (%) PPV (%) NPV (%)

6.5 98.2 82.1 59.1 99.4

7 96.4 84.4 62.1 98.9

7.5 94.6 86.8 65.4 98.4

8 92.9 91.0 73.2 98.0

8.5 91.1 94.8 82.2 97.6

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. ROC Statistics

ROC Association Statistics

Mann-Whitney

AUC Standard Error 95% Wald Confidence Limits

Sonographic score 0.912 0.029 0.856 0.967

Alvarado score 0.919 0.019 0.882 0.956

Combined score 0.971 0.014 0.944 0.999

J Trauma Acute Care Surg
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and 15% of patients with an incompletely visualized appendix
received a CT scan (Fig. 1). Twenty-six patients underwent
additional imaging even though the appendix was completely
visualized on US. From the total population, 175 (65.3%)
were discharged from the hospital without any intervention.
Of the 175 patients who were discharged from the ED
without intervention, 34 patients were reevaluated in the
emergency room during the following 30 days. Twenty-six
of these patients were evaluated for abdominal pain related
to their initial presentation. Fifteen of these patients initially
had a nonvisualized or an incompletely visualized appendix.
None of the patients who returned for reevaluation were
diagnosed with appendicitis.

The appendix was not visualized in 100 (37.3%) patients
and partially visualized in 30 (11.1%) patients. Fourteen (47%)
of the patients with an incompletely visualized appendix un-
derwent additional imaging, as did 59 (59%) of the patients with
a nonvisualized appendix. Of the patients with an incompletely
or nonvisualized appendix, two and six respectively, ultimately
underwent appendectomy (Fig. 1). All of these patients had
acute appendicitis on pathology. Of the 138 patients with a
completely visualized appendix on US, 41 (29.7%) underwent
an appendectomywithout any additional imaging being performed.
Of these same 138 patients, 25 (18.1%) received additional imag-
ing, eight of whom ultimately underwent appendectomy. The sin-
gle patient in our population with a negative appendectomy had
an incompletely visualized 7mm appendixwith hyperemia, aswell
as a CT scan with equivocal findings. In all, there were six cases of
appendicitis that were missed (appendix not visualized or incom-
pletely visualized) by US. One of these missed cases was a
retrocecal appendix, found to be gangrenous upon surgical explora-
tion. One other case was found to be perforated appendicitis. In
both of these cases, no free fluid was identified on US, and pres-
ence or absence of tenderness elicited by the probe was not docu-
mented in the radiology report.

A maximum diameter of 11 mm or greater had 100%
specificity for acute appendicitis (OR for less than 5 mm or
nonvisualized relative to 11 mm or greater of 0.001 by firth lo-
gistic regression). The OR for focal tenderness elicited by the US
probe and for noncompressibility of the appendix were 176 and
153, respectively. The sum of the points assigned for each param-
eter was compiled into a sonographic score (Table 2). The
sonographic score was then added to the Alvarado score to
compute a combined score.

The median Alvarado score was 4 (interquartile range
[IQR], 3.0–4.0), from a maximum possible of 10; however, for
patients who underwent surgery, it was 8. The median sono-
graphic score overall was 0 (IQR, 0–1.5), due to the many
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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studies with a nonvisualized appendix. However, in patients
who had surgery, the median sonographic score was 4 from
a maximum possible of 8. The median combined score
(Alvarado score + sonographic score) was 5 (IQR 3.0–8.0), from
amaximum total of 18. In contrast, among patients who had sur-
gery, the median combined score was 12. Table 3 reviews the
median scores by degree of visualization of the appendix on US.

The sensitivity and specificity of the sonographic and
combined scores were calculated at each point interval. The op-
timal sensitivity and specificity for the sonographic score alone
were 86% and 90%, respectively, at a score of 1.5. These im-
proved to 98% sensitivity and 82% specificity at a combined
score of 6.5 and 95% sensitivity and 87% specificity at a score
of 7.5 (Table 4). The positive predictive value (PPV) and NPV
at 7.5 were 65% and 98%, respectively. In our bootstrap
simulated validation data set, the mean sensitivity and mean
specificity at a combined score of 7.5 were 94.7% (95% CI,
94.5–94.8) and 86.8% (95% CI, 86.6–86.9), respectively.

Area under receiver operating characteristic (ROC) curves
were calculated for each curve (Table 5). The AUC for our
sonographic score was similar to that of the ROC curve for the
Alvarado scores (91.9 and 91.1, respectively, p = 0.8). The
combined score yielded an AUC of 97.1. This was significantly
better than either the sonographic score or Alvarado score alone
(p = 0.017 and p < 0.001, respectively).

DISCUSSION

Although appendicitis is a diagnosis made primarily based
on clinical findings, CT scanning has become ubiquitous, espe-
cially in cases where the presentation or examination findings
are atypical. AlthoughUS does not carry the risk of radiation ex-
posure associated with CT scan, the quality of an US is known to
be dependent on the sonographer’s skill and experience and
carries a lower sensitivity and specificity.8 Thus, a method of
maximizing the utility of the information gained from an US
study should greatly facilitate clinical decision-making.

To this end, a few earlier studies have aimed to integrate
US findings with the Alvarado score to determine a threshold
at which point further imaging or surgery is required. Toprak
and colleagues retrospectively divided pediatric patients into
groups based on Alvarado score and also based on US findings,
including secondary signs of inflammation.5 They found that
there were only four of 122 patients who had a nonvisualized ap-
pendix and also a high Alvarado score, ultimately requiring sur-
gical intervention, concluding that an Alvarado score greater
than 6 even with a nonvisualized appendix required further in-
vestigation. Leeuwenburg et al.14 formulated a clinical decision
rule to assist in determiningwhich patientswith inconclusive US
findings could be safely discharged home without subsequent
CTorMRI. In the pediatric population, Fallon et al.15 developed
a radiologic reporting score based on sonographic parameters
alone to predict appendicitis with a high PPV.

We successfully integrated objectively measured sono-
graphic findings with an established clinical score to predict ap-
pendicitis with both a high specificity and sensitivity. Although
US alone is known to be highly specific for appendicitis, 95.9%
in one recent meta-analysis, it has an overall lower sensitivity,
83.7% in the same study, which has limited its usefulness for
647
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the diagnosis of appendicitis. Using our combined clinical and
sonographic score, we were able to predict appendicitis with
98% sensitivity, markedly improving on the literature accepted
sensitivity. More importantly, our combined score was a signifi-
cantly better predictor of appendicitis than either the Alvarado
score or the sonographic score alone. As such, it both validates
the utility of US as an adjunct to examination findings and rep-
resents an improvement upon the current standard clinical deci-
sion making rule. Additionally, the sonographic component of
our score showed an equally high sensitivity and specificity as
that of the Alvarado score alone, as evidenced by the nearly
identical AUC. This implies that even in a situation where his-
tory and physical examination are not useful, US could be valu-
able as the sole diagnostic method.

One limitation of US as a primary mode of imaging for
appendicitis is its high rate of nonvisualization. The high sensi-
tivity and specificity of our combined score, however, was dem-
onstrated even with the inclusion of patients with nonvisualized
and partially visualized appendices likely indicating complimen-
tary roles of the clinical and US components of the score. There
is evidence that incomplete visualization in the absence of other
signs of appendicitis is not an indication for additional imaging.
One recent study reported that in pediatric patients without ap-
pendicitis, there was a nonvisualization rate of 97%.16 However,
this figure varies, and in pediatric patients, as many as 15% of
patients with an incompletely visualized appendix have been re-
ported to have appendicitis.7 In our population, only 6.9% of the
patients in our study with a nonvisualized appendix or an incom-
pletely visualized appendix required surgery. Provided there is
otherwise good performance of our combined scoring system
there should be few false negatives.

This study builds on prior efforts by incorporating a
clinical evaluation with a standardized report of sonographic
findings. In addition to efforts to stratify US findings based
on clinical scores17,18 there have been several attempts to stan-
dardize the interpretation of specific sonographic findings.
Trout et al.19 measured appendiceal diameters in children to
form a logistic predictive model identifying size cutoffs for pos-
itive, negative, and equivocal categories for appendicitis. In an-
other investigation conducted in pediatric patients, sonographic
findings were assembled to categorize a US study as diagnostic
or nondiagnostic.15 Their scoring criteria were based entirely on
sonographic findings, including secondary signs of inflamma-
tion, such as presence of free fluid and periappendiceal fat
edema. The score developed by these authors, however, was
an effort to standardize radiologic reporting rather than a clinical
decision-making tool.15

In the current study, certain sonographic parameters were
more predictive of appendicitis than others. For instance, a max-
imal appendiceal diameter above 10 mm had a predictive value
of 100%. Likewise, a noncompressible appendix was associated
with a 4.5 times greater odds of appendicitis. Trace-free fluid, al-
though a positive predictor, had a lower OR for appendicitis (as
compared with no free fluid), possibly indicative of another
intra-abdominal process unrelated to the appendix. There are
other secondary signs of inflammation, such as identification
of lymph nodes and periappendiceal fat, which could be in-
cluded in this scoring system in future studies but were too in-
consistently reported to include in this study.
648
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Essentially all patients in the modern emergency room
will receive some type of confirmatory imaging before pursuing
surgical intervention. When US results are equivocal, additional
imaging is usually pursued. In our population, 46.7% of the pa-
tientswith an incompletely visualized appendix ultimately received
a CT scan or MRI, as did 59% of patients with a nonvisualized ap-
pendix. Although this combination of imaging modalities may
allow for more confident diagnosis, it continues to expose pa-
tients to unnecessary radiation and warrants continued efforts
to validate the diagnostic value of US. Even when information
obtained from additional imaging is ignored, our scoring system
based entirely on clinical examination and US findings contin-
ued to be highly sensitive and specific for an appendicitis and
offers an opportunity to forego unnecessary imaging even in
the case of an unclear clinical presentation. Ideally, this score
would be used by an emergency room provider before ordering
a CT and before obtaining a surgical consult.

Our score is an attempt to improve the accuracy of US
when used in conjunction with clinical findings. Because the ex-
cellent performance of CT scan is well known, we believe that it
is clinically significant that we can use US in a clinician selected
patient group to achieve equivalent performance characteristics.
After we complete our ongoing prospective validation study, we
hope to significantly reduce the rate of CT scans performed for
suspected appendicitis in our institution. We conditionally rec-
ommend limiting imaging to US except in cases with a border-
line score and an unclear clinical presentation.

Limitations
There are several limitations to our study. Due to the retro-

spective nature of our image review, it was not possible to ac-
tively assess for compressibility of the appendix or tenderness.
As such, we relied on the sonographer's record-keeping and doc-
umentation in the radiology reports at the time of evaluation, and
in many cases, these parameters were not recorded. Therefore,
there may have been an underlying selection bias in reporting
these findings. As we go forward with prospective validation
of the score, we are using a checklist to make certain that many
parameters as possible are evaluated by the sonographer and ra-
diologist diad for more complete data.

ACT scan is often immediately performed in patientswith
a high body mass index because of the concern that US will not
identify the appendix. Our study does not include patients who
proceeded to CT scan without an US, and as such, there is a
possibility that our sensitivity and specificity could have been
affected by this selection bias. Additionally, we did not have
any cases of patients discharged from the emergency room af-
ter a negative US who returned to our institution with appen-
dicitis. Because we did not contact patients, we cannot be
certain that they did not require additional imaging or inter-
vention at another institution.
CONCLUSION

We have demonstrated in this initial evaluation of a com-
bined clinical and sonographic scoring system that very high
sensitivity and specificity can be achieved for diagnosis of ap-
pendicitis without the use of ionizing radiation. Although our
ongoing prospective validation will be important, this scoring
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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system and some if its key components including appendiceal
size and compressibility can be used to make decisions regard-
ing treatment.
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