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Abstract

Background: Distinguishing peritonsillar abscess (PTA) from peritonsillar cellulitis
using clinical assessment is challenging as many features overlap for both conditions,
and physical examination is only about 75% sensitive and 50% specific for diagnosing
PTA. The primary objective of this systematic review was to determine the test char-
acteristics of ultrasound for diagnosing PTA when compared to a reference standard
of computed tomography or acquisition of pus via needle aspiration or incision and
drainage.

Methods: This systematic review was performed in accordance with the Preferred
Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test
Accuracy (PRISMA-DTA) guidelines. We searched seven databases from 1960 to
November 2022. Two independent reviewers completed study selection, data ex-
traction, and QUADAS-2 risk-of-bias assessment. We used a bivariate random-effects
model to calculate pooled sensitivity, specificity, positive likelihood ratio (LR+), and
negative likelihood ratio (LR-). We also conducted subgroup analyses on radiology
ultrasound compared to point-of-care ultrasound (POCUS) and intraoral compared to
transcervical scanning techniques.

Results: From 339 citations, we identified 18 studies for inclusion. Because one study
only reported positive cases of PTA (thereby preventing the calculation of specific-
ity), it was excluded from the analysis, so the analysis included a total of 17 studies
with 812 patients, of whom 541 had PTA. Pooled bivariate sensitivity was 86% (95%
confidence interval [Cl] 78%-91%), specificity 76% (95% Cl 67%-82%), LR+ 3.51 (95%
Cl 2.59-4.89), and LR- 0.19 (95% Cl 0.12-0.30). On subgroup analysis, radiology-
performed ultrasound had a sensitivity and specificity of 89% and 71%, compared to
POCUS, which had a sensitivity and specificity of 74% and 79%. Comparing the two
different techniques, intraoral had a sensitivity and specificity of 91% and 75% while

transcervical had a sensitivity and specificity of 80% and 81%.
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TEST CHARACTERISTICS OF ULTRASOUND FOR THE DIAGNOSIS OF PERITONSILLAR ABSCESS:

860 A SYSTEMATIC REVIEW AND META-ANALYSIS
Conclusions: Ultrasound demonstrates high sensitivity for ruling out PTA, but it only
has moderate specificity for ruling in the diagnosis.

INTRODUCTION METHODS

Peritonsillar abscess (PTA) is one of the most common infections of
the head and neck with an estimated incidence between 10 and 40
cases per 100,000 annually.! There are about 63,000 emergency
department (ED) visits annually in the United States for PTA.2 PTA
is a purulent collection between the palatine tonsil and its cap-
sule and it usually develops from an initial tonsillitis or pharyngitis.
Complications from this infection can include airway obstruction,
aspiration pneumonitis, mediastinal extension, and carotid sheath
erosion.®

Distinguishing PTA from peritonsillar cellulitis (PTC) using clin-
ical assessment is challenging as many features including fever,
sore throat, dysphagia, trismus, and “hot potato” voice overlap for
both conditions. Physical examination is only about 75% sensi-
tive and 50% specific for the diagnosis of PTA.* The definitive
diagnosis of PTA traditionally relies on needle aspiration or in-
cision drainage of the purulent fluid. As this is invasive, there
is increasing interest in the use of imaging modalities like com-
puted tomography (CT) and ultrasound to establish the diagnosis.
National databases report the use of CT in 5%-20% of ED patients
presenting with PTA.?

While cross-sectional imaging with CT is highly accurate, it
is associated with increased cost, resource utilization, and ra-
diation exposure.”® Additionally, the use of CT imaging carries
the risks of overtesting, overdiagnosis, and overtreatment,” es-
pecially when it is unclear if CT imaging improves outcomes in
patients with PTA.% Due to these considerations, ultrasound has
been suggested by both emergency medicine (EM) and ear, nose,
and throat (ENT) specialists as an alternative imaging modality to
avoid radiation exposure and to reduce costs.”'° There is a pau-
city of clinical practice guidelines on the diagnostic imaging ap-
proach to suspected PTA. The American College of Emergency
Physicians (ACEP),** Society for Academic Emergency Medicine
(SAEM),*2 and American Academy of Otolaryngology-Head and
Neck Surgery (AAO-HNS)'® do not have policy statements or
guidelines for approaching patients presenting with suspected
PTA. Furthermore, the American College of Radiology (ACR)*
does not have any appropriateness criteria for imaging in patients
presenting with sore throat.

The primary objective of this systematic review was to determine
the accuracy of ultrasound for diagnosing PTA when compared to a ref-
erence standard of CT or acquisition of pus via needle aspiration or inci-
sion drainage. We also planned a priori subgroup analyses of the primary
objective based on radiology-performed ultrasound compared to point-
of-care ultrasound (POCUS), intraoral compared to transcervical scan-
ning technique, and adult compared to pediatric patient populations.

This systematic review was performed in accordance with the
Preferred Reporting Items for a Systematic Review and Meta-
analysis of Diagnostic Test Accuracy (PRISMA-DTA) guidelines.?
We registered this review with PROSPERO (CRD42021224241).
We developed our search strategy (Appendix S1) with an experi-
enced medical librarian and searched the following databases: Ovid
MEDLINE, Embase, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), the Cochrane Central Register of Controlled
Trials, Latin American and Caribbean Health Sciences Literature da-
tabase (LILACS), and Web of Science from 1960 to December 2020.
A repeat search was completed in May 2021 and November 2022 to

ensure no new data had been published.

Study selection and definitions

Studies were eligible if they evaluated the test characteristics of ul-
trasound in diagnosing PTA compared to a reference standard of CT
or the aspiration or drainage of pus. We included retrospective, pro-
spective, and randomized control trials. There were no date or age
restrictions. Each study required a 2 x 2 table of true-positive, false-
negative, true-negative, and false-positive counts, either extracted
from the original paper or calculated from the reported results. We
excluded case reports, case series with 10 or fewer patients, proto-
col papers, and narrative reviews. Studies were also excluded if they
were not in English.

Two investigators (A.H., J.F.) independently performed the
search and independently assessed the studies for eligibility based
on the above criteria. They identified all potentially relevant studies
by screening titles and abstracts. They then independently reviewed
the full text of the selected articles. Disagreement was resolved

through discussion and, when necessary, a third party (D.K.).

Data extraction

One investigator (A.H.) collected the following variables from the
included studies: author information; country of publication; study
design; number of patients included; patient age characteristics;
pediatric specific data (if possible); clinical follow-up; clinical set-
ting; ultrasound machine; ultrasound transducer; scanning tech-
nique; background of sonographers; training or qualification of
sonographers; blinding; reference standard; and true-positive, false-
negative, true-negative, and false-positive counts. Study investiga-
tors were contacted when data were missing or unreported, and
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variables were left as missing if the corresponding author did not
respond after two attempts. A second investigator (J.A.) reviewed
the extracted data to ensure its accuracy. Disagreements were re-
solved through discussion, with conflicts adjudicated by a third party
(D.K.). The third reviewer (D.K.) independently verified the extracted
2 x 2 counts including performing back-calculations when necessary

to ensure accuracy before statistical analysis.

Quality appraisal

Two investigators (J.E.B., J.F.) independently assessed study qual-
ity using the Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) tool.*® Discrepancies were resolved by consensus
when needed. These authors used several a priori conditions to eval-

uate each individual study's risk of bias and degree of applicability.

e For patient selection, a study was deemed to have low concerns
for risk of bias if: (1) a consecutive or random sample of patients
was enrolled, (2) a case-control design was avoided, and (3) the
study avoided inappropriate exclusions.

e An inappropriate exclusion was defined as any participant who
was included in the initial sample who was then taken out of the
final analysis or where the enrollment of patients was unclear.
Additionally, if only retrospective data were used or if patient
selection was solely based on the availability of sonographers
in the clinical setting, this was also defined as an inappropriate
exclusion.

e The index test risk of bias was assessed by whether or not the
index test results were interpreted without knowledge of the re-
sults of the reference standard and whether or not a threshold
was prespecified. If there was no prespecified description of the
ultrasound technique and ultrasound definition of PTA, the study
was deemed to not have a prespecified threshold, and conduct of
the index test was deemed to be at high risk of bias.

e Concerns regarding applicability of the index test were based on
a typical single encounter in the clinical setting. For example, if
the index test relied on the patient needing to be reassessed and
rescanned, applicability was questioned.

e The ideal index test was ultrasound performed by an emergency
physician, ENT specialist, or radiologist (intraoral or transcervi-
cal) with comparison to a reference standard (CT or acquisition of
pus via needle aspiration or incision and drainage) with no prior
knowledge of one from the other.

e A positive index test was one in which a distinct anechoic area
was detected on ultrasound. A positive reference standard was
CT or acquisition of pus via needle aspiration or incision and
drainage.

e The reference standard introduced bias if it was interpreted with
prior knowledge of the index test.

e The time between index test and reference standard introduced
bias if it was beyond acceptable current clinical care (>24h) or if a
confounding variable such as antibiotics was administered in the

time frame between index test and reference standard.

Data analysis

We used a bivariate random-effects models to calculate pooled
sensitivity, specificity, positive likelihood ratio (LR+), and negative
likelihood ratio (LR-) with associated 95% confidence intervals (Cls).
We additionally used a hierarchical summary receiver operating
characteristic (SROC) curve with a 95% Cl region to further assess
the diagnostic properties of the two tests. Heterogeneity was sum-
marized with I statistics for the univariate analyses of sensitivity
and specificity was estimated. Publication bias for these measures
was assessed graphically with funnel plots.

We tested for moderation in bivariate models and conducted
possible subgroup analyses accounting for the setting of the ul-
trasound study (radiology ultrasound vs. POCUS) and scanning
technique (intraoral vs. transcervical). In these cases, we provide
sensitivity, specificity, LR+, and LR-. Statistical analyses were con-
ducted using the Meta-Analysis of Diagnostic Accuracy (mada) pack-

age (version 0.5.10) in R statistical software version 4.0.3.

RESULTS

Of the 339 studies identified through our search, 192 abstracts were
screened after removing duplicates, and 33 studies were selected
for full-text review. A total of 18 studies met criteria for inclusion in
the meta-analysis (Figure 1).

Table 1 describes the characteristics of the included studies.
The studies were published from 1992 to 2021, all were published
in English, 17 studies were published as full-text papers, and one
study23 was published only as an abstract. Of the 18 included stud-
ies, one was an RCT, 14 were prospective cohort studies, and three
were retrospective cohort studies. All included studies utilized
drainage or surgical intervention as a possible reference standard,
and five studies additionally used CT as an option for reference stan-
dard. Pediatric patients were enrolled in 10 studies, but the reported
data were not granular enough to calculate test characteristics of
ultrasound in this population. Because one study22 only reported
positive cases of PTA (thereby preventing the calculation of speci-
ficity), it was excluded from the analysis, so the analysis included a
total of 812 patients of whom 541 had PTA from 17 studies. Of note,
the two largest studies?>%® included 430 patients (53% of the total)
of whom 305 had PTA.

Transcervical scanning was performed in eight studies and in-
traoral scanning in 13 studies; three studies assessed both scanning
techniques. Radiology ultrasound was used in 12 studies and POCUS
was utilized in six studies. Of these POCUS studies, four studies as-
sessed emergency physicians, and two studies assessed ENT oper-
ators. The training or qualifications of the sonographers were not
specified in 13 studies. The remaining five studies all described dif-
fering levels of training or qualification: (a) ultrasound credentialed
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FIGURE 1 PRISMA flow chart
[ Identification of studies via databases and registers ] . . . W
illustrating evidence search and study
selection. PRISMA, Preferred Reporting
c Items for Systematic Reviews and Meta-
.0 Analyses.
§ Records identified through E;Z%'EZ rgmoved before
& database searching > ening: _
= (n = 339) Duplicate records removed (n =
o 147)
L=/
)
Records screened Records excluded
—>
(n=192) (n=159)
Full text articles sought for
> retrieval
= (n=133)
[=
o
e
3]
(72}
Full text articles assessed for . .
eligibility — | Fulltext articles excluded, with
(n=33) reasons (n = 15 total):
Inappropriate study design (n
= 7)
Incorrect outcome (n = 5)
Protocol only (n = 3)
—
2
= Studies included in review
E (n=18)

at their hospital,?® (b) met the ACEP emergency ultrasound training

20(

guidelines,”” (c) a 30-min didactic and hands-on session,?! (d) certi-

fication by the German Society of Ultrasound in Medicine,*° and (e)
formal training with >300 prior head and neck ultrasound scans.>?
Figure 2 summarizes the quality assessment using the
QUADAS-2 tool. One study?® was only published as a conference
abstract and not as a full-text manuscript, so it could not be assessed
using QUADAS-2. All included studies were found to be of high or
unclear risk of bias. No studies were found to be of low risk of bias. In
general, the studies were at low risk with regard to applicability con-
cerns. Funnel plots for the primary outcome measure were symmet-
rical for the pooled estimate of specificity. However, there was some
asymmetry around the pooled estimate of sensitivity, graphically
suggestive of possible publication bias for this outcome measure.
Pooled bivariate sensitivity and specificity were 86% (95% ClI
78%-91%) and 76% (95% Cl 67%-82%), respectively. Diagnostic
odds ratio was 19.5 (95% Cl 9.63-35.4). Pooled bivariate LR+ and
LR- were 3.51 (95% Cl 2.59-4.89) and 0.19 (95% Cl 0.12-0.30), re-
spectively. I? was not calculated for our bivariate model, but I? from
our univariate model for sensitivity was 35% and for specificity was
28%. Figure 3 demonstrates descriptive forest plots of sensitivity
and specificity of ultrasound for the diagnosis of PTA. Figure 4 illus-
trates the area under the receiver operator curve (AUROC) as 0.87.

25,30

When the two largest contributing studies were excluded from

the analysis, the pooled diagnostic test characteristics were similar:
sensitivity 88% (95% Cl 79%-93%), specificity 73% (95% Cl 65%-
80%), and AUROC 0.83.

Table 2 details the subgroup analyses comparing radiology ul-
trasound to POCUS as well as intraoral compared to transcervical
scanning techniques. The diagnostic test characteristics for both
subgroup analyses were comparable.

DISCUSSION

To our knowledge, this is the first systematic review and meta-
analysis to characterize the diagnostic test characteristics of
ultrasound for PTA. PTA is a common head and neck infection en-
countered in the ED,? and accurate diagnosis is important to insti-
tute appropriate treatment as inaccurate diagnosis of PTA exposes
patients to unnecessary surgical intervention without clinical ben-
efit.?% Inadequately treated PTA can lead to significant morbidity ei-
ther through extension of infection or through airway obstruction.®
Although CT is accurate, it exposes patients to substantial ionizing
radiation and intravenous (IV) contrast.>® Based on this systematic
review, ultrasound has reasonably high sensitivity for ruling out PTA,
but it only demonstrates moderate specificity for establishing the
diagnosis.
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FIGURE 2 QUADAS-2 risk of bias assessment of the included studies. Although a total of 18 studies are included in this systematic
review, the study by Kelley?® was only published as a conference abstract and never as a full-text manuscript. As such, the authors were
unable to assess its quality using QUADAS-2, so this figure only includes 17 studies. QUADAS, Quality Assessment of Diagnostic Accuracy

Studies.

Subgroup analysis did not reveal a statistically significant dif-
ference between intraoral and transcervical scanning techniques.
However, the intraoral technique trended toward a higher sensitiv-
ity (91% vs. 80%) and lower specificity (75% vs. 81%) compared to
the transcervical technique. These diagnostic test characteristics are
similar to those of the published literature. A narrative review on ul-
trasound for PTA found the intraoral technique to have a sensitivity
in the range of 89%-95% and a specificity in the range of 79%-100%.
This same review described a sensitivity in the range of 83%-91%
and specificity in the range of 80%-93% for the transcervical tech-
nique.®® Our systematic review provides a more robust estimate of

the diagnostic test characteristics of the two different techniques
compared to this previously published narrative review.>® The intra-
oral technique involves inserting the endocavitary probe with a pro-
tective cover into the patient's open mouth directly over the tonsils
(Figure 5A-C). This approach is more intuitive but faces limitations
such as access to an endocavitary probe, appropriate cleaning and
disinfection of the probe, issues with patient tolerance in cases where
significant trismus and pain are present, and issues with patient co-
operation in pediatric populations. As an alternative, the transcervi-
cal technique involves placing either a linear or microconvex probe

over the patient's submandibular space just inferior and medial to the
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Study Events Total Proportion 95%-Cl Study Events Total Proportion 95%-Cl
1992 - Boesen 23 25 — 0.92 [0.74; 0.99] 1992 - Boesen 1 22— 0.50 [0.01;0.99]
1993 - Klimek 78 90 — 0.87 [0.78; 0.93] 1993 - Klimek 18 28 — 0.64 [0.44; 0.81]
1994 - Ahmed 20 22 — 0.91 [0.71; 0.99] 1994 - Ahmed 4 5 —_— 0.80 [0.28; 0.99]
1994 - Buckley (Intraoral) 9 9 —& 1.00 [0.66; 1.00] 1994 - Buckley (Intraoral) 7 8 —a— 0.88 [0.47; 1.00]
1994 - Buckley (Transcervical) 1 9 0.11 [0.00; 0.48] 1994 - Buckley (Transcervical) 8 8 —H 1.00 [0.63; 1.00]
1995 - Strong 8 9 —_— 0.89 [0.52; 1.00] 1995 - Strong 5 6 _— 0.83 [0.36; 1.00]
1998 - Kew 1 12 — 0.92 [0.62; 1.00] 1998 - Kew 1 22— F 0.50 [0.01; 0.99]
1999 - Scott 8 9 — 0.89 [0.52; 1.00] 1999 - Scott 4 4 _— 1.00 [0.40; 1.00]
2001 - Miziara 12 13 — 0.92 [0.64; 1.00] 2001 - Miziara 5 8 —_— 0.62 [0.24; 0.91]
2005 - Lyon 34 34 — 1.00 [0.90; 1.00] 2005 - Lyon 8 9 —_— 0.89 [0.52; 1.00]
2006 - Araujo Fiho (Intraoral) 20 21 —8 0.95 [0.76; 1.00] 2006 - Araujo Fiho (Intraoral) 1" 14 —— 0.79 [0.49; 0.95]
2006 - Araujo Fiho (Transcervical) 20 25 —a— 0.80 [0.59; 0.93] 2006 - Araujo Fiho (Transcervical) 13 14 — 0.93 [0.66; 1.00]
2012 - Costantino 8 8 — 1.00 [0.63; 1.00] 2012 - Costantino 6 6 _— 1.00 [0.54; 1.00]
2013 - Salihoglu 23 28 — 1.00 [0.85; 1.00] 2013 - Salihoglu 3 3 _— 1.00 [0.29; 1.00]
2015 - Fordham 9 9 E— 1.00 [0.66; 1.00] 2015 - Fordham 26 34 —— 0.76 [0.59; 0.89]
2015 - Nogan 1 11 —_— 1.00 [0.72; 1.00] 2015 - Nogan 7 10 —_— 0.70 [0.35; 0.93]
2017 - Kelley 15 28 —_— 0.65 [0.43; 0.84] 2017 - Kelley 1" 23 —a 0.48 [0.27; 0.69]
2021 - Sievert 162 215 - 0.75 [0.69; 0.81] 2021 - Sievert 86 97 —= 0.89 [0.81;0.94]
2021 - Todsen 8 8 — 1.00 [0.63; 1.00] 2021 - Todsen 7 8 — 0.88 [0.47; 1.00]
Heterogeneity: 1?2 =35%, 1 =2.37 Heterogeneity: 1% =28%,t° = 0.39

02 04 06 08 1 02 04 06 08 1
Sensitivity Specificity

FIGURE 3 Descriptive forest plots of the sensitivity (on the left) and specificity (on the right) of ultrasound for the diagnosis of

peritonsillar abscess.

FIGURE 4 Plot of the summary
receiver operating curve for the
ultrasound diagnosis of peritonsillar
abscess. The summary estimate is
presented as a circle, each individual
study is presented as a triangle, and the S
95% confidence region is presented as

light gray line. SROC, summary receiver

operating characteristic.
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angle of the mandible to identify the submandibular gland and tonsil-
lar tissue (Figure 5D-F). A more detailed description of the technique
can be found at https://www.youtube.com/watch?v=JklYOhKCwel.

A further subgroup analysis shows that radiology performed
scans have greater sensitivity (89%) than POCUS (74%). Only six
studies assessed the use of POCUS, and the majority of these were
published more recently since 2012. The studies assessing POCUS
had a heterogenous group of operators, including both EM and ENT
residents and specialists, and the amount and level of ultrasound
training was highly variable.

It was not possible to perform a subgroup analysis of the test
characteristics of ultrasound for PTA in pediatric populations as
the included studies did not present individual level data for chil-
dren except in one study. We did not specifically assess the ef-
fect of ultrasound on the patient's clinical management or clinical

T T T T T
0.2 0.4 0.6 0.8 1.0

False Positive Rate

course. However, some studies have demonstrated relatively high
success with the conservative management of PTA using IV antibi-
otics and corticosteroids, comparable to surgical intervention.3+%°
Conservative management seems to be more successful in smaller
PTAs.%® Given this, the diagnostic test characteristics of ultrasound
for PTA may be sufficiently acceptable for diagnosing clinically im-
portant PTA requiring either aspiration or drainage. Within the cur-
rent limitations of evidence, the benefits of ultrasound, including
lack of ionizing radiation and ability to perform at the bedside, must
be weighed against the limitations, including inaccurate diagnosis
and patient discomfort. Ultimately, these options should be pro-
vided to the patient and the most appropriate investigation can be
selected through shared decision making.36

There are many areas to explore with future research, and the lack
of clinical guidelines and policy statements on the use of ultrasound in
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TABLE 2 Subgroup analyses of diagnostic test characteristics for ultrasound to diagnose peritonsillar abscess based on operator type
(radiology vs. POCUS) and scanning technique (intraoral vs. transcervical)

Sensitivity (95% CI)

Radiology vs. POCUS (p = 0.60)

Radiology ultrasound 89% (84%-92%) 71% (63%-79%)
(reference standard:

drainage or CT)

POCUS (reference
standard: drainage
or CT)

74% (67%-80%) 79% (61%-90%)

Intraoral vs. transcervical (p = 0.42)

Intraoral (reference 91% (82%-95%) 75% (63%-84%)
standard: drainage

or CT)

Transcervical (reference 80% (67%-89%) 81% (66%-91%)
standard: drainage

or CT)

Specificity (95% Cl)

DOR (95% Cl) LR+ (95% CI) LR- (95% Cl)

19.5(11.0-34.5) 3.10(2.35-4.20) 0.16 (0.11-0.23)

10.9 (3.7-32.5) 3.54(1.80-7.83) 0.34(0.23-0.50)

29.4(9.5-90.9) 3.62(2.32-5.92) 0.12 (0.06-0.26)

18.4 (10.9-29.4) 4.29 (2.53-7.77) 0.25(0.16-0.37)

Abbreviations: DOR, diagnostic odds ratio; LR, likelihood ratio; POCUS, point-of-care ultrasound.

the workup of suspected PTA from major EM, ENT, and radiology so-
11-14

cieties may reflect a lack of high-quality evidence. When it comes
to POCUS, there is a need for larger studies with standardized training
strategies to determine the diagnostic test characteristics of POCUS
for PTA when performed by a skilled EM operator. Future studies will
need to determine the learning curve of this skill and to assess the
minimum amount of training necessary for a nonexpert point-of-care
operator to perform the scan with sufficient diagnostic accuracy. The
cost-effectiveness of a POCUS-based approach should be explored,
especially compared to an approach depending more heavily on CT
use. Pediatric populations have been inadequately studied, so future
studies should attempt to elucidate the diagnostic test characteristics
of ultrasound for PTA in this patient population. Finally, more study
is needed to determine the effect of the use of ultrasound on the
patient's clinical course and outcome. An ideal study would random-
ize a large number of consecutive patients with suspected PTA to a
POCUS group versus a non-POCUS group and would follow them out
to 30days to determine treatment success, recurrence, complications,
and return visits. Once data from high-quality studies are available, it
could provide the impetus for the derivation and validation of a clinical
decision rule to assist clinicians with selecting the most appropriate
diagnostic imaging test for investigating PTA as described by the 2015
Academic Emergency Medicine Consensus Conference.®’

LIMITATIONS

The majority of included studies had very small sample sizes, and a
significant number of patients in the analysis were from two larger
studies. It was not possible to determine whether 17 of the 18 in-
cluded studies were adequately powered as sample size calculations
were not described in the articles. The one study that provided a
sample size estimate achieved its enrollment target.?® Additionally,
of the eight studies published since 2003, only one study?! had

>75% compliance with the Standards for Reporting of Diagnostic
Accuracy (STARD) reporting standards.®® This raises concerns about
the transparency and reproducibility of these studies.® Overall, the
included studies were found to be of high or unclear risk of bias using
the QUADAS-2 tool. The majority of studies enrolled a convenience
sample of patients, which introduces the possibility of selection bias.
Studies were conducted in a variety of settings, and some included
a higher proportion of participants with confirmed PTA than would
be expected (four studies reported PTA rates > 80%10:18:22.29) High
rates of PTA suggest the population in these studies may have been
sicker, introducing the risk of spectrum bias and overestimating the
test characteristics of ultrasound for the diagnosis of PTA.4°

Using CT and needle aspiration as reference standards has some
limitations and introduces imperfect criterion standard bias.*® While
CT has near perfect sensitivity, it has a reported specificity of 75%.%
It is possible that some negative ultrasounds were misclassified by
CT as PTA, which would result in a falsely lowered sensitivity for
ultrasound. Conversely, it has been suggested that needle aspiration
is not perfectly sensitive, as puncture may be performed in the in-
correct location or depth resulting in a negative needle aspiration.22
In these cases, a positive ultrasound may have correctly diagnosed
PTA resulting in a falsely lowered specificity for ultrasound.

There were also issues with some of the studies related to a lack
of consistent comparison to a reference standard of CT or drainage
of pus, as in some studies, a patient with a negative ultrasound was
clinically presumed to not have PTA despite not undergoing CT or
attempted drainage. Though this may have introduced the possibility
of incorporation bias if the final clinical diagnosis integrated ultra-
sound results, it reduced the risk of creating partial verification bias
by including those who did not undergo CT or drainage. Differential
verification bias may also have influenced reported test characteris-
tics for some studies, as those with a false-negative ultrasound may
have had resolution of their PTA with medical treatment only. While
this would falsely raise the sensitivity of ultrasound, this concern
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FIGURE 5 .(A) Intraoral approach
where the endocavitary probe is placed
intraorally with a protective cover over
the patient's tonsils. (B) Intraoral view
demonstrating normal tonsil (T) with
homogenous echotexture. (C) Intraoral
view demonstrating abnormal tonsil (T)
with loculated anechoic fluid collections
(*) indicating peritonsillar abscess. (D)
Transcervical approach where the linear
or microconvex probe is placed in the
submandibular space inferior to the angle
of the mandible. (E) Transcervical view
demonstrating normal tonsil (T) with
homogenous echotexture deep to the
submandibular gland (S). (F) Transcervical
view demonstrating abnormal tonsil (T)
with anechoic fluid collection (*) indicating
peritonsillar abscess. Credit for (F) goes to
Mark Tessaro, MD, Division of Pediatric
Emergency Medicine, Hospital for Sick
Children, Toronto, Ontario, Canada.

may be of little clinical importance in these cases as the false-
negative ultrasound result would not meaningfully impact patient
outcomes.*® However, it is uncertain how common this scenario
was as the majority of studies did not report on the patient's clinical
course. It is impossible to know how the accuracy of the ultrasound
scan ultimately affected the patient's clinical outcome. The majority
of included studies did not describe the level of training or qualifica-
tions of the operators performing the ultrasound scans.

CONCLUSIONS

Ultrasound is an acceptable alternative to computed tomogra-
phy and interventional aspiration or drainage for establishing the

diagnosis of peritonsillar abscess. It has high sensitivity for rul-
ing out peritonsillar abscess, but it demonstrates only moderate
specificity for ruling in the diagnosis. Future studies are needed
to determine the amount of training required to learn the skill, the
diagnostic test characteristics of point-of-care ultrasound, and the
impact of incorporating the results of an ultrasound scan on the

patient's clinical course.
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