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ARTICLE INFO ABSTRACT

Keywords: Background: Bedside ultrasonography is a promising tool for identification of acute appendicitis. We assessed the
Ultrasonography accuracy and clinical value of bedside ultrasonography for diagnosis of acute appendicitis in the emergency
Appendicitis department.

Diagnosis

Methods: Pubmed, Embase and Cochrane Library were searched from inception to November 2018. The diag-
nostic accuracy of bedside ultrasonography was compared with that of surgery and/or CT scan, which was used
as reference standard. Pooled summary estimates of sensitivity, specificity, positive likelihood ratio (PLR), ne-
gative likelihood ratio (NLR), and diagnostic odds ratio (DOR) from each included study were estimated using
bivariate logistic regression model. Inter-study heterogeneity was examined using I? statistic. Meta-regression
was performed to further investigate the source of heterogeneity. Deeks's funnel plot was used to test publication
bias.

Results: Our search yielded 5394 citations, of which 27 satisfied the inclusion criteria. Bivariate analysis yielded
a mean sensitivity of 90% (95% CI 82%-0.95%) and specificity of 95% (95% CI 89%-98%). The area under the
receiver operating characteristic curve was 0.97 (95% CI 0.95-0.98). There was significant inter-study hetero-
geneity (I> = 96%, 95% CI 94%-99%). Meta-regression analysis suggested that study region and patient sample
size could attribute to the heterogeneity. Deeks's funnel plot did not indicate the existence of publication bias
(P = 0.15).

Conclusion: Bedside ultrasonography, a radiation-free and noninvasive modality, provides superior diagnostic
performance in the diagnosis of acute appendicitis, but its value in different abdominal emergencies warrants
further development and research.

meta-Analysis

1. Introduction children with acute abdominal pain [2]. The diagnosis of this emer-

gency can be challenging due to atypical symptoms, variable clinical

Acute appendicitis is known as one of the most common abdominal
emergencies in the world. In general, the estimates for lifetime acute
appendicitis prevalence range from 1.8% to 16% throughout the world
[1]. It also accounts for the most common abdominal surgical emer-
gency in the pediatric population, which occurs in nearly 1%-8% of

presentation and shared clinical features with other disease status [3].

Recently, modern diagnostic imaging techniques, such as CT scan
and ultrasonography are regarded as pivotal diagnostic approaches in
acute appendicitis which are shown to improve diagnostic accuracy and
patient prognosis [4-7]. Since the application of those imaging
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modalities, the rate of negative appendectomy and other complications
such as appendiceal perforation has considerably decreased. The sur-
gical removal of the appendix or tonsils at an earlier age has been
proposed as a risk factor leading to increased risk of comorbidities like
acute myocardial infarction [8]. CT scan has been considered as a
preferred imaging technique with higher sensitivity (72%-97%) and
specificity (92%-98%) in the diagnosis of acute appendicitis than ul-
trasonography [9]. However, due to ionizing radiation exposure and
higher cost, CT scans are not recommended for young adults, pediatric
or pregnant patients [10-13]. Moreover, as a noninvasive and re-
producible diagnostic modality, ultrasonography does not require any
contrast agent but still with relatively high sensitivity (76%-90%) and
specificity (86%-95%) in the diagnosis of acute appendicitis [9,14].

Bedside ultrasonography, known as a convenient tool of patient
condition with real-time ultrasound images, can help emergency phy-
sicians (EPs) make a rapid decision on diagnosis or treatment in
emergency situations [15-18], especially acute abdomen like acute
appendicitis and acute cholecystitis. Bedside ultrasonography has now
been applied as one of the frequently used diagnostic approaches in
various medical areas such as abdominal trauma and pain, eye trauma,
obstetrics and orthopedic emergencies [19-23]. To date, several studies
have documented the diagnostic accuracy of bedside ultrasonography
[24-32]. However, the results are not conclusive. Therefore, in this
study we aimed to update the evidence and assess the accuracy and
clinical value of bedside ultrasonography for diagnosis of acute ap-
pendicitis in the emergency department.

2. Materials and methods

This study was conducted and reported based on PRISMA-DTA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses
of Diagnostic Test Accuracy Studies) and AMSTAR (Assessing the
methodological quality of systematic reviews) Guidelines.

2.1. Search strategy and selection criteria

We systematically searched three major databases including
Pubmed, Embase and the Cochrane Library for studies that assessed the
performance of bedside ultrasonography for the diagnosis of acute ap-
pendicitis.

The searched Medical Subject Heading (Mesh) terms for Pubmed,
EMTREE terms for Embase and text words for others included the fol-
lowing: (Appendicitis OR Appendectomy) AND (Ultrasonography OR
echography OR “echotomograph*” OR sonograph*) AND (“Sensitivity
and Specificity” OR “Predictive Value of Tests” OR “negative predictive
value” OR “positive predictive value” OR diagnosis OR “false positive”
OR “false positive”). Detailed search strategies were presented in
Supplementary Materials. We searched the databases from inception
through November 2018. Additional searches were likewise performed
by reading the reference list of each primary study and systematic re-
view.

Studies were judged to be eligible for inclusion if they satisfied all of
the following criteria: (1) involved adult or pediatric patients who
underwent bedside ultrasonography for known or suspected acute ap-
pendicitis, (2) included reference standards based on surgery or CT scan
results, and (3) results that could obtain from original studies with
detailed data to construct 2 X 2 contingency tables for determination of
the diagnostic performance of bedside ultrasonography to detect acute
appendicitis. Two authors independently screened and selected the ci-
tations. Any disagreements were resolved by discussion until consensus
was reached.

2.2. Exclusion criteria

Studies were excluded if they satisfied any of following criteria: (1)
case reports or case series with low methodological quality; (2) letters,
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editorials, comments, abstracts, meta-analyses, reviews or guidelines
without original data for analysis; (3) studies regarding topics other
than the application of bedside ultrasonography to diagnose acute ap-
pendicitis; (4) studies having the same or overlapping individuals; and
(5) studies with other modalities as reference standards.

2.3. Data extraction and quality assessment

Two authors independently abstracted data from each study using a
predesigned standardized data sheet including first author, year of
publication, country, study design, patient age, male percentage, so-
nographer experience, reference standards, sample size, results of true-
positive (TP), false-positive (FP) false-negative (FN) and true-negative
(TN), disease prevalence, initial sonographer performer, follow-up
period and enrollment criteria.

The methodological quality of the included studies was assessed
using the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2), a validated commonly used tool for the quality assess-
ment of diagnostic accuracy studies [33]. Four domains including pa-
tient selection, index test, reference standard, as well as flow and timing
were evaluated. Quality assessment was performed independently by
two authors.

2.4. Statistical analysis

The primary outcome measures were sensitivity and specificity. We
defined bedside ultrasonography sensitivity as the proportion of pa-
tients with a positive surgery or CT scan result that was also positive for
bedside ultrasonography. We defined bedside ultrasonography specifi-
city as the proportion of patients with a negative surgery or CT scan
result that was also negative for bedside ultrasonography. The bivariate
logistic regression model was used for the meta-analysis of diagnostic
test accuracy and forest plots were created [34]. We preferred a bi-
variate random-effects model as heterogeneity was expected in meta-
analysis of diagnostic accuracy studies [35-39]. 12 statistic was used to
assess the inter-study heterogeneity, with an I* value ranging from 0%
to 25%, 25%-50%, and 50%-75% considering as low, moderate and
high heterogeneity, respectively [40]. Data for the number of TP, FP,
TN, and FN findings were used to calculate a pooled sensitivity and
specificity along with 95% confidence intervals (CIs) for bedside ul-
trasonography. Meta-regression analysis was further performed to ex-
amine the effects of the following confounding factors on pooled sen-
sitivity and specificity including study region (USA vs. Europe vs. Asia),
study design (prospective vs. retrospective), study hospital (single
hospital vs. multiple hospitals), patient age (less than 18 years vs. more
than 18 years), gender (male vs. female), sample size (more than 200
vs. less than 200) and initial ultrasound performer (resident EPs vs.
attending EPs). Hierarchical summary receiver operating characteristic
meta-analysis methods were used to generate summary receiver oper-
ating characteristic curves along with corresponding 95% confidence
regions and prediction regions. To assess for the possibility of pub-
lication bias, funnel plots were constructed and Deeks' funnel plot
asymmetry test was performed, with a P value less than 0.1 indicating
existence of publication bias [41]. We also drew a Fagan's nomogram,
in which the left axis indicated the pre-test probability, middle axis
represented the likelihood ratio and right axis signified the post-test
probability [42]. All analyses were conducted using STATA statistical
software (version 15.0, Stata Corp LP, College Station, TX, USA).

3. Results
3.1. Literature search
Our database search yielded 5394 citations. After removing all du-

plicates, reviewing the titles and abstracts, we excluded 5340 irrelevant
citations. We excluded another 27 articles after full-text viewing,
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leaving 27 studies for inclusion [16,24-30,43-61]. The literature se-
lection process is presented in Supplementary Fig. 1. We did not find
any additional articles through search of the reference lists of identified
articles and previous systematic reviews [31,32].

Table 1 shows the detailed patient characteristics of each included
study. In summary, 27 studies published between 1996 and 2018 with
7403 suspected acute appendicitis patients were involved in the ana-
lysis, of which 8 from USA (30%), 7 from Europe (26%), 11 from Asia
(41%) and one from Africa (3%). Twenty of the included studies were
prospective in study design, and the remaining 7 studies were retro-
spective ones. The population size for the included studies ranged from
40 to 2209 and the patient mean or median age ranged from 6 to 47.4
years. Fourteen studies used surgical findings as the reference standard
for acute appendicitis and 13 studies used both surgical and CT scan
findings as the reference standard. Initial ultrasound performers were
attending EPs or physician specialists in 24 studies and resident EPs in
three studies.

infectious disease; NR = not reported;

3.2. Quality assessment

Two authors independently assessed the quality of each study ac-
cording to the QUADAS-2 items. The quality assessment of the included
studies was summarized in Supplementary Fig. 2. The majority of the
included studies were at low risk for two categories with respect to
applicability, including the reference standard and index test. The pa-
tient selection scored an average rating of 18.5% for low risk, 66.7% for
unclear and 14.8% for high risk. The index test scored an average rating
of 51.9% for low risk, 48.1% for high risk. The reference standard
scored an average rating of 29.6% for low risk and 70.4% for high risk.
Overall, 18 of the 27 eligible studies were rated with an average ac-
ceptable applicability in terms of index test and reference standard,
while the others were unclear or poor quality (high risk). However, 5 of
the 27 eligible studies were rated with an average acceptable applic-
ability in terms of patient selection.

Consecutive and unselected sample of all patients admitted for suspected acute appendicitis

All patients with right lower abdominal pain
Review of US performed on patients admitted with a diagnosis of acute appendicitis

Patients admitted with clinically diagnosed or suspected appendicitis

Consecutive patients with suspected acute appendicitis
Consecutive adult patients with acute abdominal pain

Enrollment Criteria

3.3. Diagnostic performance of bedside ultrasonography for diagnosis of
acute appendicitis

The primary analysis revealed that the pooled sensitivity and spe-
cificity of all included studies were 90% (95% CI, 82%-95%) and 95%
(95% CI, 89%-98%), respectively (Fig. 1). The Q test revealed sig-
nificant inter-study heterogeneity (P < 0.001). I? statistic demon-
strated substantial heterogeneity in terms of both sensitivity
(12 = 94.8%) and specificity (1% = 96.8%). The forest plot for sensitivity
and specificity indicated the lack of a threshold effect, with the
Spearman correlation coefficient between the sensitivity and false-po-
sitive rate being 0.003, which further indicating the lack of a threshold
effect. The pooled positive likelihood ratio (PLR) was 17.7 (95% CI,
8.3-37.7) and the pooled negative likelihood ratio (NLR) was 0.11
(95% CI, 0.06-0.19). The area under the receiver operating character-
istic (ROC) curve was 0.97 (95% CI, 0.95-0.98) (Fig. 2) and the diag-
nostic odd ratio (DOR) was 167 (95% CI, 58-475), indicating a high
diagnostic accuracy. We also used a Fagan nomogram to illustrate the
relations between pre-test and post-test probabilities and likelihood
ratio (Fig. 3).

Follow-up period

2 weeks
7.6 days
12 months
1 month
3 month

NR

3.4. Subgroup analysis

Sonographically trained surgeons
Staff members or senior EPs

2000 Attending EP
1999 Resident EP
1998 Resident EP

Initial US performer
1996 Attending EP

Subgroup analyses were conducted to assess various clinical set-
tings, the results of which were summarized in Table 2. We pooled
results from 8 studies conducted in the USA, with the pooled char-
acteristic estimates for diagnosing acute appendicitis of 83% (95% CI,
59%-95%) for sensitivity and 89% (95% CI, 77%-95%) for specificity;
seven studies conducted in Europe, with pooled characteristic estimates
of 93% (95% CI, 83%-97%) for sensitivity and 98% (95% CI,
92%-99%) for specificity; and 11 studies conducted in Asia, with

Year
2001
2000

Author
Zielke
Chen
Fujii
Allemann
Chen
Rossi

Abbreviations: AA = acute appendicitis; ED = emergency department; EP = emergency physician; FN = false-negatives; FP = false-positives; GI = gastroenterology; ID

POCUS = point-of-care ultrasonography; RLQ = right lower quadrant; TN = true-negatives; TP = true-positives; US = ultrasonography.

Table 1 (continued)
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Studyld SENSITIVITY (95% CI)
Rossil1998 1.00 [0.82 - 1.00]
Chen/1963 0.99[0.68 - 1.00)

Allemann/1969 0.94[0.87-0.98)
FUjii2000 0.95[0.85-0.99)
Chen/2000 0.96 [0.01-0.99)
Zielke/2001 0.75[0.71-0.78)
Tarantino/2003 1.00[0.72 - 1.00)
Kaneko/2004 0.96 [0.85 - 1.00)
Fox/2007 0.39[0.28-0.52)
Summa/2007 0.93[0.05-0.99)
Sii/2007 0.62[0.42-0.79)
Fox/2008 0.65[0.51-0.77)
Lin/2009 0.95[0.82-0.99)
Burford2011 0.93[0.77 - 0.99]
Lin/2013 0.96[0.91-0.99)
Switz/2014 0.85[0.75-0.92)
Lami2014 1.00[0.89 - 1.00)
Elkashvili’2014 0.60[0.45-0.74)
Mallin2015 0.63[0.40-0.33)
Kim/2015 1.00 [0.91 - 1.00)
Hasanii2015 0.33[0.17-0.54)
Fathi2015 0.44 [0.20 - 0.60)
Topin/2018 0.38[0.80-0.97)
Onloeri2018 0.74[0.50 - 0.36)
Gungor/2017 0.92[0.87 - 0.96]
Kanmi2017 0.73[0.56-0.36)
Doniger/2013 0.94[0.70-1.00)
COMBINED 0.90[0.82 - 0.95)

Q=400.01,df=26.00,p= 0.00

12 =94.80 [93.57 - 96.03]

SENSITIVITY
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Studyld | SPECIFICITY (85% CI)
|
|
Rossi'1096 . 0.00 [0.70 - 0.99]
Chen/1983 —— | 0.68[0.53-0.51)
Allemann/1999 : . 1.00 (0.8 - 1.00]
Fujii2000 |- 1.00{0.67 - 1.00]
Chen/2000 * | 068([0.50-0.82)
Zielke/2001 ® 0.97([0.66-0.98)
Tarantino/2003 : Kl 1.00(0.28 - 1.00)
Kaneko/2004 1.00 (0.95 - 1.00)
Fox/2007 0.00(0.51-0.05]
Summa/2007 0.990.99 - 1.00]
Siu/2007 0.84(0.72-0.62)
Fox/2008 — et 0.90(0.20- 0.06)
Lin/2000 . | 0.44[0.25-0.65)
Burford2011 ! —: 0.84[0.84-0.05)
Lin'2013 -o 0.04[0.90-0.07)
Sivitz/2014 0.93(0.83-0.06)
Lam2014 . 0.32(0.12-0.57)
Elikashviii2014 0.95[0.59-0.08)
Malin2015 0.98[0.91-1.00)
Kim/2015 1.00 (0.67 - 1.00)
Hasani2015 . 1.00 (0.67 - 1.00)
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Fig. 1. Sensitivity and specificity of bedside ultrasonography for diagnosis of acute appendicitis.
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Fig. 2. Summary receiver operating characteristic curve with 95% confidence
contour and 95% prediction contour.

pooled characteristic estimates of 92% (95% CI, 77%-97%) for sensi-
tivity and 96% (95% CI, 80%-99%) for specificity.

We also conducted a subgroup analysis including data from pro-
spective and retrospective studies, respectively. We pooled results from
20 prospective studies with the pooled characteristic estimates for di-
agnosing acute appendicitis of 87% (95% CI, 79%-95%) for sensitivity
and 94% (95% CI, 89%-99%) for specificity; and 7 retrospective studies
with pooled characteristic estimates of 95% (95% CI, 88%-100%) for
sensitivity and 97% (95% CI, 92%-100%) for specificity.

Moreover, a subgroup analysis was also conducted including data
from single-center studies and multiple-center studies, respectively. We
pooled results from 25 single-center studies with the pooled char-
acteristic estimates for diagnosing acute appendicitis of 91% (95% CI,
86%—-96%) for sensitivity and 95% (95% CI, 92%-99%) for specificity;
and 2 multiple-center studies with pooled characteristic estimates of
60% (95% CI, 9%-100%) for sensitivity and 85% (95% CI, 50%—-100%)
for specificity.

Additionally, we calculated the pooled estimates including data
from pediatric patients and adult patients, respectively. We pooled re-
sults from 9 studies including only pediatric patients with the pooled
characteristic estimates for diagnosing acute appendicitis of 95% (95%
CI, 90%-100%) for sensitivity and 95% (95% CI, 88%-100%) for spe-
cificity; and 18 studies including only adult patients with the pooled
characteristic estimates of 86% (95% CI, 77%-95%) for sensitivity and
95% (95% CI, 91%-100%) for specificity.

Also, we explored the robustness of our results in a subgroup ana-
lysis according to male patient percent. We pooled results from 9
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Fig. 3. Fagan's nomogram for bedside ultrasonography illustrating post-test
probability with a fixed pre-test probability of 20% for acute appendicitis.

studies of male patient percent < 50% with the pooled characteristic
estimates for diagnosing acute appendicitis of 89% (95% CI,
78%-100%) for sensitivity and 95% (95% CI,89%-100%) for specifi-
city; and 18 studies of male patient percent=50% with the pooled
characteristic estimates of 91% (95% CI, 83%-98%) for sensitivity and
95% (95% CI, 90%-100%) for specificity.

Furthermore, we calculated the pooled estimates in a subgroup
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analysis based on study sample size. We pooled results from 20 studies
of sample size < 200 with the pooled characteristic estimates for di-
agnosing acute appendicitis of 88% (95% CI, 80%—-96%) for sensitivity
and 92% (95% CI,86%—-98%) for specificity; and 7 studies of male pa-
tient percent=200 with the pooled characteristic estimates of 93%
(95% CI, 86%-100%) for sensitivity and 98% (95% CI, 96%-100%) for
specificity.

Finally, we also conducted a subgroup analysis according to initial
ultrasound performer. When pooling results from 24 studies in which
the initial ultrasound performers were attending EPs, we found the
pooled characteristic estimates for diagnosing acute appendicitis were
88% (95% CI, 81%-95%) for sensitivity and 95% (95% CI, 91%-99%)
for specificity; and 3 studies in which the initial ultrasound performers
were resident EPs, we found the pooled characteristic estimates were
97% (95% CI, 92%-100%) for sensitivity and 93% (95% CI,
79%-100%) for specificity.

3.5. Meta-regression

Supplementary Fig. 3 shows meta-regression results. Among the
investigated potential covariates, study design, the number of hospital,
patient type, male patient percent, and initial ultrasound performer
failed to show any statistically significant effects on sensitivity or spe-
cificity (P > 0.05). For study region among the USA, Europe and Asia,
an effect was noted on sensitivity (P = 0.04); for the patient sample
size, an effect was also noted on specificity (P = 0.01).

Deeks’ funnel plot asymmetry test indicated no potential publication
bias (P = 0.15) (Fig. 4).

4. Discussion

This meta-analysis confirms that the diagnostic performance of
bedside ultrasonography in determination of acute appendicitis was
clinically acceptable, yielding a combined sensitivity of 90% (95% CI,
82%-95%), summary specificity of 95% (95% CI, 82%-98%), and area
under the SROC curve of 0.97 (95% CI, 0.95-0.98). The DOR was 167
(95% CI, 58 to 475), indicating a high diagnostic accuracy. There was
significant heterogeneity across the studies. Study region and patient
sample size were statistically significant and clinically meaningful
causes of heterogeneity in meta-regression analysis for sensitivity or
specificity, respectively. In terms of these findings, bedside ultra-
sonography, a noninvasive radiation-free modality, demonstrates high
diagnostic performance in the diagnosis of acute appendicitis in both
pediatric patients and adult ones.

The noninvasiveness and high accuracy are two significant re-
quirements for imaging studies in the diagnosis and monitoring of

Table 2
Results of meta-regression of bedside ultrasonography for diagnosis of acute appendicitis.
Covariates Subgroup n Sensitivity, % (95% CI) P value Specificity, % (95% CI) P value
Study region USA 8 83 [59-95] 0.04 89 [77-95] 0.08
Europe 7 93 [83-97] 98 [92-99]
Asia 11 92 [77-97] 96 [80-99]
Study design Prospective 20 87 [79-95] 0.05 94 [89-99] 0.34
Retrospective 7 95 [88—-100] . 97 [92-100] .
No. of hospital Single 25 91 [86-96] 0.05 95 [92-99] 0.07
Multiple 2 60 [9-100] . 85 [50-100] .
Patient type Children 9 95 [90—100] 0.75 95 [88—100] 0.54
Adults 18 86 [77-95] . 95 [91-100] .
Male % < 50% 9 89 [78-100] 0.24 95 [89-100] 0.59
=50% 18 91 [83-98] . 95 [90-100] .
Sample size < 200 20 88 [80-96] 0.09 92 [86-98] 0.01
=200 7 93 [86—100] . 98 [96—100] .
Initial US performer Attending EPs 24 88 [81-95] 0.14 95 [91-99] 0.39
Resident EPs 3 97 [92-100] 93 [79-100]

Abbreviations: CI, confidence interval; EPs = emergency physicians; No. = number; US = ultrasound.



G. Shen, et al.

Deeks' Funnel Plot Asymmetry Test
pvalue = 0.15

O Study
Regression
Line

1/root(ESS)

* Diagnostic Odds Ratio
Fig. 4. Deeks' funnel plot asymmetry test for publication bias.

patients with lower abdominal pain suspected of acute appendicitis
[62-64]. As the patients may experience several imaging studies during
their lifetime, we consider radiation-free is more important. Therefore,
bedside ultrasonography is undoubtedly such a noninvasive technique
without radiation. Based on the findings of this study, we obtained solid
evidence for the superior diagnostic performance of bedside ultra-
sonography. The summary sensitivity and specificity that we noted
were 90% (95% CI, 82%-95%) and 95% (95% CI, 82%-98%), respec-
tively. Previous studies regarding the diagnostic performance of bed-
side ultrasonography for acute appendicitis demonstrated a summary
sensitivity of 84%-91% and a summary specificity of 91%-97%, which
were consistent with those of our study [31,32]. Significant inter-study
heterogeneity was noted in terms of sensitivity (I*> = 94.8%) and spe-
cificity (I* = 96.8%). In the meta-regression analysis for exploring the
sources of the heterogeneity, study region and patient sample size were
clinical meaningful variables influencing study heterogeneity for our
study. However, this meta-analysis is also limited by some other un-
measured causes of heterogeneity. Patient factors such as body habitus
and clinician factors such as experience performing bedside ultra-
sonography could also affect the result. In our study, though we did not
find significantly different effects between attending EPs and resident
EPs, this factor should not be neglected due to the study of ultra-
sonography is usually operator-dependent. Quality control and risk of
bias were conducted among included studies using the QUADAS-2 tool
and meta-regression. Nevertheless, the results should also be inter-
preted with caution.

To the best of our knowledge, this is the largest and most compre-
hensive systematic review and meta-analysis evaluating the diagnostic
accuracy of bedside ultrasonography in individuals suspected of acute
appendicitis. The findings of our study were in line with the previous
systematic reviews [65-68]. Furthermore, we strictly adhered to the
PRISMA-DTA statement in order to improve the internal validity of our
findings [69] and make the process of the systematic review more
transparent and objective. Multiple major electronic databases were
comprehensively searched without applying language or publication
type restrictions. At least two authors conducted data extraction and
quality assessment and cross checked the abstracted data. QUADAS-2
was used to assess study quality and a more conservative method,
random-effect model was applied to synthesize existing data.

This study suggests that given bedside ultrasonography safety,
simplicity, high efficiency, low cost, and non-invasiveness, it could be
served as an acceptable alternative for fast screening of individuals
suspected of acute appendicitis for both novices and experts. Although
our results further ascertain the diagnostic accuracy of bedside ultra-
sonography in individuals suspected of acute appendicitis, 74% (20/27)
of the included studies had less than 200 patients for analysis. The
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studies with a relatively small sample size were limited to further
subgroup analyses. Thus future studies should be better to include a
larger population with more homogeneous characteristics, though it
could be prone to selection bias [70]. We also consider it important to
establish similar ultrasonography parameters, levels of methodological
quality, the reference standards, and the experience of ultrasound
performers in future studies [71,72].

We should also acknowledge the limitations of the review itself.
Though we applied exhaustive and meticulous search strategies for all
the electronic databases, we still could not identify all the studies
meeting the inclusion criteria in that we did not include unpublished
grey literature, abstract meeting conferences or ongoing trials, which
might resulted in publication bias. Moreover, the result of study quality
assessment showed that some of these studies were at high or unclear
risk of bias in several different domains such as patient selection, index
test and reference standard along with their application. In addition,
most studies (20/27) had a small sample size (< 200), limiting the
precision of pooled effect estimates. Moreover, heterogeneity could not
be thoroughly explained, because the majority of studies did not ad-
dress sufficient information for all of the study characteristics.
Consequently, we could not conduct more detailed subgroup analyses,
thus raising concerns about the reliability of our findings. However, the
robustness of the findings was verified in numerous subgroup analyses.

5. Conclusions

Bedside ultrasonography has high overall diagnostic accuracy for
individuals with suspected acute appendicitis. However, the accuracy
for studies conducted in the USA and studies with small sample size is
moderate, and further well-designed studies with homogenous char-
acteristics are warranted. Inter-study heterogeneity as well as small
sample size could undermine the quality and validity of the findings.
Moreover, further larger prospective studies and even randomized
controlled trials are advocated to verify the comprehensive effective-
ness of bedside ultrasonography as a noninvasive means for detecting
patients with suspected acute appendicitis.

Ethical approval

Not applicable.

Sources of funding

This work was supported by the National Natural Science
Foundation of China (grant no. 81774112) (to ZM).

Conflicts of interest

None.

Funding for your research

This work was supported by the National Natural Science
Foundation of China (grant no. 81774112) (to ZM).

Author contribution

Study concept and design (FF MM ZM);

Acquisition of data (GS ZM);

Analysis and interpretation of data (GS JW ZM);

Drafting of the manuscript (FF MM ZM);

Critical revision of the manuscript for important intellectual content
(all authors);

Study supervision (FF MM ZM).



G. Shen, et al.

Guarantor
Zubing Mei.
Contributions

Dr. Guixin Shen and Dr. Jing Wang contributed equally to this work
as co-first author.

Study concept and design (FF MM ZM); Acquisition of data (GS ZM);
Analysis and interpretation of data (GS JW ZM); Drafting of the
manuscript (FF MM ZM); Critical revision of the manuscript for im-
portant intellectual content (all authors); Study supervision (FF MM
ZM).

Conflicts of interest

The authors declare that they have no conflict of interest.
Provenance and peer review

Not commissioned, externally peer-reviewed.
Data statement

This is a summary design study. Data used for meta-analysis was
extracted from previously published papers.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (grant no. 81774112) (to ZM).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijsu.2019.08.009.

References

[1] A.Bhangu, K. Sereide, S. Di Saverio, J.H. Assarsson, F.T. Drake, Acute appendicitis:
modern understanding of pathogenesis, diagnosis, and management, The Lancet
386 (2015) 1278-1287.

[2] S.G. Rothrock, J. Pagane, Acute appendicitis in children: emergency department
diagnosis and management, Ann. Emerg. Med. 36 (2000) 39-51.

[3] A.S. Doria, Optimizing the role of imaging in appendicitis, Pediatr. Radiol. 39
(2009) 144.

[4] K.A. Eng, A. Abadeh, C. Ligocki, et al., Acute appendicitis: a meta-analysis of the
diagnostic accuracy of US, CT, and MRI as second-line imaging tests after an initial
US, Radiology 288 (2018) 717-727.

[5] J.F. Martin, D.J. Mathison, P.C. Mullan, H.J. Otero, Secondary imaging for sus-
pected appendicitis after equivocal ultrasound: time to disposition of MRI compared
to CT, Emerg. Radiol. 25 (2018) 161-168.

[6] T. Nishizawa, S. Maeda, R.D. Goldman, H. Hayashi, Predicting need for additional
CT scan in children with a non-diagnostic ultrasound for appendicitis in the
emergency department, Am. J. Emerg. Med. 36 (2018) 49-55.

[7] A.B. Nordin, S. Sales, J.W. Nielsen, B. Adler, D.G. Bates, B. Kenney, Standardized
ultrasound templates for diagnosing appendicitis reduce annual imaging costs, J.
Surg. Res. 221 (2018) 77-83.

[8] I Janszky, K.J. Mukamal, C. Dalman, N. Hammar, S. Ahnve, Childhood appen-
dectomy, tonsillectomy, and risk for premature acute myocardial infarction—a
nationwide population-based cohort study, Eur. Heart J. 32 (2011) 2290-2296.

[9] A.S. Doria, R. Moineddin, C.J. Kellenberger, et al., US or CT for diagnosis of ap-
pendicitis in children and adults? A meta-analysis, Radiology 241 (2006) 83-94.

[10] M.S. Pearce, J.A. Salotti, M.P. Little, et al., Radiation exposure from CT scans in
childhood and subsequent risk of leukaemia and brain tumours: a retrospective
cohort study, The Lancet 380 (2012) 499-505.

[11] R. Krishnamoorthi, N. Ramarajan, N.E. Wang, et al., Effectiveness of a staged US
and CT protocol for the diagnosis of pediatric appendicitis: reducing radiation ex-
posure in the age of ALARA, Radiology 259 (2011) 231-239.

[12] M.J. Wan, M. Krahn, W.J. Ungar, et al., Acute appendicitis in young children: cost-
effectiveness of US versus CT in diagnosis—a Markov decision analytic model,
Radiology 250 (2009) 378-386.

[13] M.P. Rosen, A. Ding, M.A. Blake, et al., ACR Appropriateness Criteria® right lower
quadrant pain—suspected appendicitis, J. Am. Coll. Radiol. 8 (2011) 749-755.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]
[43]

[44]

International Journal of Surgery 70 (2019) 1-9

S.-H. Yu, C.-B. Kim, J.W. Park, M.S. Kim, D.M. Radosevich, Ultrasonography in the
diagnosis of appendicitis: evaluation by meta-analysis, Korean J. Radiol. 6 (2005)
267-277.

Y. Beaulieu, P.E. Marik, Bedside ultrasonography in the ICU, Chest 128 (2005)
881-895.

J.C. Fox, M. Solley, C.L. Anderson, A. Zlidenny, S. Lahham, K. Maasumi, Prospective
evaluation of emergency physician performed bedside ultrasound to detect acute
appendicitis, Eur. J. Emerg. Med. 15 (2008) 80-85.

P.J. Carroll, D. Gibson, O. El-Faedy, et al., Surgeon-performed ultrasound at the
bedside for the detection of appendicitis and gallstones: systematic review and
meta-analysis, Am. J. Surg. 205 (2013) 102-108.

S.M. Summers, W. Scruggs, M.D. Menchine, et al., A prospective evaluation of
emergency department bedside ultrasonography for the detection of acute chole-
cystitis, Ann. Emerg. Med. 56 (2010) 114-122.

M. Blaivas, L. Brannam, M. Hawkins, M. Lyon, K. Sriram, Bedside emergency ul-
trasonographic diagnosis of diaphragmatic rupture in blunt abdominal trauma, Am.
J. Emerg. Med. 22 (2004) 601-604.

A. Lindelius, S. Torngren, A. Sondén, H. Pettersson, J. Adami, Impact of surgeon-
performed ultrasound on diagnosis of abdominal pain, Emerg. Med. J. 25 (2008)
486-491.

M. Blaivas, P. Sierzenski, D. Plecque, M. Lambert, Do emergency physicians save
time when locating a live intrauterine pregnancy with bedside ultrasonography?
Acad. Emerg. Med. 7 (2000) 988-993.

D.D. Patel, S.M. Blumberg, E.F. Crain, The utility of bedside ultrasonography in
identifying fractures and guiding fracture reduction in children, Pediatr. Emerg.
Care 25 (2009) 221-225.

L. Chen, Y. Kim, C.L. Moore, Diagnosis and guided reduction of forearm fractures in
children using bedside ultrasound, Pediatr. Emerg. Care 23 (2007) 528-531.

E. Karimi, M. Aminianfar, K. Zarafshani, A. Safaie, The accuracy of emergency
physicians in ultrasonographic screening of acute appendicitis; a cross sectional
study, Emergency 5 (2017).

E.E. Unliier, R. Urnal, U. Eser, et al., Application of scoring systems with point-of-
care ultrasonography for bedside diagnosis of appendicitis, World J. Emerg. Med. 7
(2016) 124.

S.A. Hasani, M. Fathi, M. Daadpey, M.A. Zare, N. Tavakoli, S. Abbasi, Accuracy of
bedside emergency physician performed ultrasound in diagnosing different causes
of acute abdominal pain: a prospective study, Clin. Imaging 39 (2015) 476-479.
J.M. Burford, M.S. Dassinger, S.D. Smith, Surgeon-performed ultrasound as a di-
agnostic tool in appendicitis, J. Pediatr. Surg. 46 (2011) 1115-1120.

A. Siu, C. Chung, The use of ultrasonography to assess patients with right lower
quadrant pain in the emergency department, Hong Kong J. Emerg. Med. 14 (2007)
70-73.

K. Kaneko, M. Tsuda, Ultrasound-based decision making in the treatment of acute
appendicitis in children, J. Pediatr. Surg. 39 (2004) 1316-1320.

F. Allemann, P. Cassina, M. Réthlin, F. Largiader, Ultrasound scans done by sur-
geons for patients with acute abdominal pain: a prospective study, Eur. J. Surg. 165
(1999) 966-970.

Y. SJ, Diagnostic performance of emergency physician-performed point-of-care ul-
trasonography for acute appendicitis: a meta-analysis.%A Lee SH, un-
defined:undefined, Am. J. Emerg. Med. (2018).

J.D,C. A, A B, A. A, S. A, L F, Accuracy of point-of-care ultrasonography for
diagnosing acute appendicitis: a systematic review and meta-analysis.%A Matthew
fields, J. Acad. Emerg. Med. 24 (2017) 1124-1136.

P.F. Whiting, A.W. Rutjes, M.E. Westwood, et al., QUADAS-2: a revised tool for the
quality assessment of diagnostic accuracy studies, Ann. Intern. Med. 155 (2011)
529-536.

P. Macaskill, C. Gatsonis, J. Deeks, R. Harbord, Y. Takwoingi, Version 09 0,
Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy, The
Cochrane Collaboration, London, 2010.

C.H. Suh, S.H. Park, Successful publication of systematic review and meta-analysis
of studies evaluating diagnostic test accuracy, Korean J. Radiol. 17 (2016) 5-6.
K.W. Kim, J. Lee, S.H. Choi, J. Huh, S.H. Park, Systematic review and meta-analysis
of studies evaluating diagnostic test accuracy: a practical review for clinical re-
searchers-part I. General guidance and tips, Korean J. Radiol. 16 (2015)
1175-1187.

J. Lee, K.W. Kim, S.H. Choi, J. Huh, S.H. Park, Systematic review and meta-analysis
of studies evaluating diagnostic test accuracy: a practical review for clinical re-
searchers-part II. Statistical methods of meta-analysis, Korean J. Radiol. 16 (2015)
1188-1196.

J.B. Reitsma, A.S. Glas, A.W. Rutjes, R.J. Scholten, P.M. Bossuyt, A.H. Zwinderman,
Bivariate analysis of sensitivity and specificity produces informative summary
measures in diagnostic reviews, J. Clin. Epidemiol. 58 (2005) 982-990.

C.M. Rutter, C.A. Gatsonis, A hierarchical regression approach to meta-analysis of
diagnostic test accuracy evaluations, Stat. Med. 20 (2001) 2865-2884.

C. Collaboration, J.P.T. Higgins, S. Green (Eds.), Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1. 0, 2011.

J.J. Deeks, P. Macaskill, L. Irwig, The performance of tests of publication bias and
other sample size effects in systematic reviews of diagnostic test accuracy was as-
sessed, J. Clin. Epidemiol. 58 (2005) 882-893.

F.T. Letter, Nomogram for bayes theorem, N. Engl. J. Med. 293 (1975) 257.

A. Zielke, H. Sitter, T. Rampp, T. Bohrer, M. Rothmund, Clinical decision-making,
ultrasonography, and scores for evaluation of suspected acute appendicitis, World J.
Surg. 25 (2001) 578-584.

F. Topin, A.-L. Thierry, O. Catrevaux, et al., Diagnostic accuracy of emergency
physician—performed ultrasound for acute appendicitis in a remote location, J.
Emerg. Med. 50 (2016) 859-867.


https://doi.org/10.1016/j.ijsu.2019.08.009
https://doi.org/10.1016/j.ijsu.2019.08.009
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref1
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref1
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref1
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref2
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref2
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref3
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref3
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref4
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref4
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref4
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref5
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref5
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref5
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref6
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref6
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref6
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref7
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref7
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref7
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref8
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref8
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref8
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref9
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref9
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref10
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref10
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref10
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref11
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref11
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref11
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref12
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref12
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref12
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref13
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref13
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref14
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref14
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref14
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref15
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref15
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref16
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref16
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref16
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref17
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref17
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref17
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref18
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref18
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref18
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref19
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref19
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref19
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref20
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref20
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref20
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref21
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref21
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref21
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref22
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref22
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref22
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref23
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref23
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref24
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref24
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref24
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref25
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref25
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref25
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref26
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref26
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref26
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref27
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref27
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref28
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref28
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref28
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref29
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref29
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref30
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref30
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref30
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref31
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref31
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref31
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref32
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref32
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref32
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref33
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref33
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref33
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref34
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref34
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref34
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref35
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref35
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref36
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref36
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref36
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref36
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref37
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref37
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref37
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref37
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref38
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref38
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref38
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref39
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref39
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref40
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref40
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref41
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref41
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref41
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref42
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref43
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref43
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref43
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref44
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref44
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref44

G. Shen, et al.

[45]

[46]

[47]
[48]
[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

L. Tarantino, A. Giorgio, G. de Stefano, et al., Acute appendicitis mimicking in-
fectious enteritis: diagnostic value of sonography, J. Ultrasound Med. 22 (2003)
945-950.

M. Summa, F. Perrone, F. Priora, S. Testa, R. Quarati, G. Spinoglio, Integrated
clinical-ultrasonographic diagnosis in acute appendicitis, J. Ultrasound 10 (2007)
175-178.

A.B. Sivitz, S.G. Cohen, C. Tejani, Evaluation of acute appendicitis by pediatric
emergency physician sonography, Ann. Emerg. Med. 64 (2014) 358-364 e354.

P. Rossi, P. Covarelli, F. Mosci, R. Bisacci, B. Sensi, L. Moggi, Ultrasonography in the
management of acute appendicitis, Surg. Endosc. 10 (1996) 619-621.

M. Mallin, P. Craven, P. Ockerse, et al., Diagnosis of appendicitis by bedside ul-
trasound in the, Am. J. Emerg. Med. 33 (2015) 430-432.

W.-C. Lin, C.-H. Lin, Re-appraising the role of sonography in pediatric acute ab-
dominal pain, Iran. J. Pediatr. 23 (2013) 177.

C.-H. Lin, J.-H. Chen, T.-C. Li, Y.-J. Ho, W.-C. Lin, Children presenting at the
emergency department with right lower quadrant pain, Kaohsiung J. Med. Sci. 25
(2009) 1-9.

S.H. Lam, A. Grippo, C. Kerwin, P.J. Konicki, D. Goodwine, M.J. Lambert, Bedside
ultrasonography as an adjunct to routine evaluation of acute appendicitis in the
emergency department, West. J. Emerg. Med. 15 (2014) 808.

C. Kim, B. Kang, J. Park, Y. Ha, The use of clinician-performed ultrasonography to
determine the treatment method for suspected paediatric appendicitis, Hong Kong
J. Emerg. Med. 22 (2015) 31-40.

F. Gungor, T. Kilic, K.C. Akyol, et al., Diagnostic value and effect of bedside ul-
trasound in acute appendicitis in the emergency department, Acad. Emerg. Med. 24
(2017) 578-586.

Y. Fujii, J. Hata, K. Futagami, et al., Ultrasonography improves diagnostic accuracy
of acute appendicitis and provides cost savings to hospitals in Japan, J. Ultrasound
Med. 19 (2000) 409-414.

J.C. Fox, M.J. Hunt, A.M. Zlidenny, M.H. Oshita, G. Barajas, M.I. Langdorf,
Retrospective analysis of emergency department ultrasound for acute appendicitis,
Calif. J. Emerg. Med. 8 (2007) 41.

M. Fathi, S.A. Hasani, M.A. Zare, M. Daadpey, N.H. Firoozabadi, D. Lotfi, Diagnostic
accuracy of emergency physician performed graded compression ultrasound study
in acute appendicitis: a prospective study, J. Ultrasound 18 (2015) 57-62.

1. Elikashvili, E.T. Tay, J.W. Tsung, The effect of point-of-care ultrasonography on
emergency department length of stay and computed tomography utilization in
children with suspected appendicitis, Acad. Emerg. Med. 21 (2014) 163-170.

S.J. Doniger, A. Kornblith, Point-of-care ultrasound integrated into a staged diag-
nostic algorithm for pediatric appendicitis, Pediatr. Emerg. Care 34 (2018)
109-115.

S.-C. Chen, H.-P. Wang, H.-Y. Hsu, P.-M. Huang, F.-Y. Lin, Accuracy of ED

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

International Journal of Surgery 70 (2019) 1-9

sonography in the diagnosis of acute appendicitis, Am. J. Emerg. Med. 18 (2000)
449-452.

S.-C. Chen, K.-M. Chen, S.-M. Wang, K.-J. Chang, Abdominal sonography screening
of clinically diagnosed or suspected appendicitis before surgery, World J. Surg. 22
(1998) 449-452.

S.A. Nah, S.S. Ong, W.X. Lim, S.K. Amuddhu, P.H. Tang, Y. Low, Clinical relevance
of the nonvisualized appendix on ultrasonography of the abdomen in children, J.
Pediatr. 182 (2017) 164-169 el61.

J.L. Carpenter, R.C. Orth, W. Zhang, M.E. Lopez, K.L. Mangona, R.P. Guillerman,
Diagnostic performance of US for differentiating perforated from nonperforated
pediatric appendicitis: a prospective cohort study, Radiology 282 (2016) 835-841.
D. Gaitini, N. Beck-Razi, D. Mor-Yosef, et al., Diagnosing acute appendicitis in
adults: accuracy of color Doppler sonography and MDCT compared with surgery
and clinical follow-up, Am. J. Roentgenol. 190 (2008) 1300-1306.

A.D. Beggs, P.R. Thomas, Point of use ultrasound by general surgeons: review of the
literature and suggestions for future practice, Int. J. Surg. 11 (2013) 12-17.

R. Benabbas, M. Hanna, J. Shah, R. Sinert, Diagnostic accuracy of history, physical
examination, laboratory tests, and point-of-care ultrasound for pediatric acute ap-
pendicitis in the emergency department: a systematic review and meta-analysis,
Acad. Emerg. Med. 24 (2017) 523-551.

T. Kameda, N. Taniguchi, Overview of point-of-care abdominal ultrasound in
emergency and critical care, J. Intensive Care 4 (2016) 53.

J. Matthew Fields, J. Davis, C. Alsup, et al., Accuracy of point-of-care ultra-
sonography for diagnosing acute appendicitis: a systematic review and meta-ana-
lysis, Acad. Emerg. Med. 24 (2017) 1124-1136.

M.D.F. McInnes, D. Moher, B.D. Thombs, et al., Preferred reporting Items for a
systematic review and meta-analysis of diagnostic test accuracy studies: the
PRISMA-DTA statement, JAMA 319 (2018) 388-396.

J.A. Sterne, D. Gavaghan, M. Egger, Publication and related bias in meta-analysis:
power of statistical tests and prevalence in the literature, J. Clin. Epidemiol. 53
(2000) 1119-1129.

S.S. Soundappan, J. Karpelowsky, A. Lam, L. Lam, D. Cass, Diagnostic accuracy of
surgeon performed ultrasound (SPU) for appendicitis in children, J. Pediatr. Surg.
53 (2018) 2023-2027.

C.B. Laursen, J.R. Davidsen, F. Gleeson, In number order of to aspects ensure a high
diagnostic accuracy of an US examination, knowledge of a is needed: anatomy and
physiology of the organ/structure assessed, US physics, functions of the US system
and how to use them, scanning technique used, normal and abnormal findings,
pitfalls and limitations of the examination, and integration of US findings into the
clinical context. The use of a systematic approach is also essential, regardless of
whether it is performed as a focused TUS (FTUS) or a diagnostic examination (TUS),
Thorac. Ultrasound 79 (2018) 14.


http://refhub.elsevier.com/S1743-9191(19)30200-6/sref45
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref45
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref45
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref46
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref46
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref46
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref47
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref47
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref48
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref48
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref49
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref49
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref50
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref50
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref51
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref51
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref51
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref52
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref52
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref52
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref53
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref53
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref53
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref54
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref54
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref54
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref55
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref55
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref55
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref56
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref56
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref56
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref57
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref57
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref57
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref58
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref58
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref58
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref59
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref59
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref59
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref60
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref60
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref60
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref61
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref61
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref61
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref62
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref62
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref62
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref63
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref63
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref63
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref64
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref64
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref64
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref65
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref65
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref66
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref66
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref66
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref66
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref67
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref67
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref68
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref68
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref68
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref69
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref69
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref69
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref70
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref70
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref70
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref71
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref71
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref71
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72
http://refhub.elsevier.com/S1743-9191(19)30200-6/sref72

	Bedside ultrasonography for acute appendicitis: An updated diagnostic meta-analysis
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search
	Quality assessment
	Diagnostic performance of bedside ultrasonography for diagnosis of acute appendicitis
	Subgroup analysis
	Meta-regression

	Discussion
	Conclusions
	Ethical approval
	Sources of funding
	Conflicts of interest
	Funding for your research
	Author contribution
	Guarantor
	Contributions
	Conflicts of interest
	Provenance and peer review
	Data statement
	Acknowledgements
	Supplementary data
	References




