
Appropriate Use of Point-of-Care Ultrasonography in Patients With
Acute Dyspnea in Emergency Department or Inpatient Settings: A
Clinical Guideline From the American College of Physicians
Amir Qaseem, MD, PhD, MHA; Itziar Etxeandia-Ikobaltzeta, PharmD, PhD; Reem A. Mustafa, MD, MPH, PhD;
Devan Kansagara, MD, MCR; Nick Fitterman, MD; and Timothy J. Wilt, MD, MPH; for the Clinical Guidelines Committee
of the American College of Physicians*

Description: The American College of Physicians (ACP)
developed this guideline to provide clinical recommenda-
tions on the appropriate use of point-of-care ultrasonogra-
phy (POCUS) in patients with acute dyspnea in emergency
department (ED) or inpatient settings to improve the diag-
nostic, treatment, and health outcomes of those with sus-
pected congestive heart failure, pneumonia, pulmonary
embolism, pleural effusion, or pneumothorax.

Methods: The ACP Clinical Guidelines Committee based this
guideline on a systematic review on the benefits, harms, and
diagnostic test accuracy of POCUS; patient values and prefer-
ences; and costs of POCUS. The systematic review evaluated
health outcomes, diagnostic timeliness, treatment decisions,
and test accuracy. The critical health, diagnostic, and treatment
outcomes evaluated were in-hospital mortality, time to diagno-
sis, and time to treatment. The important outcomes evaluated
were intensive care unit admissions, correctness of diagnosis,
disease-specific outcomes, hospital readmissions, length of
hospital stay, and quality of life. The critical test accuracy out-
comes included false-positive results for suspected pneumonia,
pneumothorax, and pulmonary embolism and false-negative

results for suspected congestive heart failure, pneumonia,
pneumothorax, and pulmonary embolism. Important test accu-
racy outcomes included false-positive results for suspected
congestive heart failure and false-negative and false-positive
results for suspected pleural effusion. This guideline was devel-
oped using the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) method.

Target Audience and Patient Population: The target au-
dience is all clinicians, and the target patient population is
adult patients with acute dyspnea in ED or inpatient settings.

Recommendation: ACP suggests that clinicians may use
point-of-care ultrasonography in addition to the standard
diagnostic pathway when there is diagnostic uncertainty in
patients with acute dyspnea in emergency department or
inpatient settings (conditional recommendation; low-certainty
evidence).
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In recent years, use of point-of-care ultrasonography
(POCUS) as a potential diagnostic tool has increased

due in part to its increased availability and perceived user-
friendliness (1). Physicians trained to use POCUS can do it
in real-time at the patient's bedside to possibly improve
diagnostic performance compared with standard clinical
examinations (2–4). Point-of-care ultrasonography may
also facilitate timely and appropriate management of crit-
ically ill patients or alleviate the need for ultrasonography
or other diagnostic tests.

Point-of-care ultrasonography can be used for various
clinical indications. This guideline targets a symptom-based
approach to evaluate the effectiveness, test accuracy, and
harms of using POCUS in emergency department (ED) or
other inpatient settings for patients with acute dyspnea

suspected to be due to congestive heart failure, pleural effu-
sion, pneumonia, pneumothorax, or pulmonary embolism
but in whom there was diagnostic uncertainty. Dyspnea,
defined as a subjective and distressing experience of
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breathing discomfort, is a common symptom that contrib-
utes to more than 1 million ED visits each year (5, 6). Many
underlying diseases can cause dyspnea. The diagnostic
approach to a patient with acute dyspnea is challenging
because of the number of potential causes, several of which
are serious and potentially life-threatening.

The standard diagnostic approach to identify the
underlying causes of acute dyspnea involves obtaining a
patient history, doing a physical examination, and order-
ing diagnostic testing, such as blood laboratory test,
chest or cardiac imaging, and electrocardiography. In
relation to the standard diagnostic pathway, POCUS can
be used before, after, or in addition to the standard tests
or as a replacement for 1 or more standard tests.

GUIDELINE FOCUS AND TARGET POPULATION

The purpose of this American College of Physicians
(ACP) guideline is to provide recommendations on the
appropriate use of POCUS in addition to or as a replace-
ment for the standard diagnostic pathway in the approach
to patients with acute dyspnea in ED or inpatient settings.
The Clinical Guidelines Committee (CGC) developed the
recommendations, which are based on the best available
evidence on the clinical benefits and harms, test accuracy,
patient values and preferences, and consideration of
costs.

The target audience for this guideline is all clinicians,
and the target patient population is adult patients with acute
dyspnea in ED or inpatient settings in whom there is diag-
nostic uncertainty. These recommendations are based on a
systematic review done by Cochrane Austria at Danube
University Krems and funded by ACP (7). ACP also did a
separate rapid review to assess the costs of POCUS.

METHODS

The CGC developed this guideline according to
ACP's guideline development process, details of which
can be found in ACP's methods articles (8, 9).

Systematic Review of the Evidence
Details and methods for the supporting systematic

review are included in the accompanying systematic review
(7) and in the Appendix (available at Annals.org). The CGC
identified the key questions and convened a technical
expert panel made up of clinical topic experts, clinicians,
and epidemiologists to inform the systematic review and
assist in refining the scope and key questions (Appendix).

The accompanying systematic review (7) searched
several databases for studies published in English from
January 2004 to August 2020. Included studies com-
pared bedside POCUS (trolley- or cart-based, compact–
handheld, or application-based) done by students, resi-
dents, general internists, or intensivists as an intervention
of interest in hospitalized or ED patients with acute dysp-
nea to assess health outcomes or treatment decisions or
as an index test to assess test accuracy in detecting con-
gestive heart failure, pneumonia, pulmonary embolism,
pleural effusion, or pneumothorax. Further details can
be found in the accompanying systematic review (7).

Main Outcomes
The systematic review (7) evaluated health outcomes,

diagnostic timeliness, treatment decisions, and test accu-
racy. Members of the CGC (clinicians and nonclinician pub-
lic members) and the CGC Public Panel were asked a priori
to independently rate the importance of evaluated out-
comes (Appendix Table, available at Annals.org). A sepa-
rate outcome, correctness of diagnosis, which is the
proportion of patients receiving a correct diagnosis with or
without the use of POCUS, was not listed in the original
protocol as an outcome but was derived from the included
studies and considered important by the CGC. The system-
atic review graded the 7 highest-rated outcomes, and all
critical and important outcomes were considered in devel-
oping recommendations.

The CGC and technical expert panel members also
estimated the typical prevalence of each specific disease
in patients with acute dyspnea and low, medium, or high
pretest probability for the disease, as informed by the
prevalence reported in the included studies. This
information was used to calculate the number of false-
positive and false-negative test results from POCUS for
each indication of interest.

Values and Preferences and Public Panel Review
The evidence review team searched several data-

bases (MEDLINE, the Cochrane Library, EMBASE, and
Epistemonikos) to identify literature on patient values and
preferences about the use of POCUS. The development
of this guideline also included perspectives, values, and
preferences of 2 CGCmembers who represent the public
and a 7-member CGC Public Panel, who rated outcomes,
provided input on preferences among the intervention
options via a direct-choice exercise, and provided com-
ments on the draft guideline and recommendations.

Costs
To identify literature on the costs of the interventions,

ACP staff searched PubMed (MEDLINE) from inception
through February 2020 and several additional databases
(National Health Service Economic Evaluation Database,
Database of Abstracts of Reviews of Effects, and Health
Technology Assessment database) from inception through
2015 (the last year that the additional databases were
updated). ACP staff also used the Medicare Fee Schedules
to identify Medicare reimbursements fees for POCUS and
other tests included in the standard diagnostic work-up for
the included conditions.

Evidence to Recommendations
The CGC used the GRADE (Grading of Recommen-

dations Assessment, Development and Evaluation)
tables in the accompanying systematic review (7) when
reporting the evidence and graded the evidence and
recommendations using the GRADE method (10, 11)
(Figure 1). The GRADE evidence-to-decision tables illus-
trate the evidence framework supporting the recommen-
dation (Tables 1 and 2 of Supplement 1, available at
Annals.org).
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Peer Review
The guideline underwent a peer review process

through the journal and was posted online for comments
from ACP Regents and ACP Governors who represent in-
ternal medicine and its subspecialty physician members
at the national and international levels. The CGC consid-
ered any comments before finalizing the guideline.

SUMMARY OF THE EVIDENCE

Tables 1 and 2 of Supplement 1 provide a detailed
summary of findings, and the full findings of the system-
atic review are published in the accompanying system-
atic review (7), but main points are highlighted here. No
studies were identified that used POCUS before or after
the standard diagnostic pathway. The reference stand-
ards for test accuracy studies varied. Most (n = 42) of the
studies were done in the ED; the remaining were done in
inpatient hospital wards or the intensive care unit. Most
(n = 44) studies used standard portable POCUS devices
(any device that could be moved to a patient's bed but
was not a handheld), and 5 used handheld devices (12–
16).

Key Findings From the Systematic Review on

Critical and Important Outcomes: POCUS in

Addition to the Standard Diagnostic Pathway
Health, Diagnostic, and Treatment Outcomes

Evidence was very uncertain (insufficient) on the fol-
lowing critical outcomes for using POCUS in addition the
standard diagnostic pathway (7): mortality (17–19), time
to diagnosis (13), and time to treatment (13). Among im-
portant outcomes, moderate-certainty evidence showed
that POCUS probably increases the proportion of correct
diagnoses from 59% to 91% (absolute risk difference,

31.9% [95% CI, 22.4% to 53.8%) (7, 17, 20, 21) and prob-
ably does not reduce the length of hospital stay (data
could not be pooled) (7, 13, 17, 18, 20).

Test Accuracy

Depending on indication and protocol, low-certainty
evidence showed that sensitivities of POCUS in addition to
the standard diagnostic pathway ranged from 79% to 100%
and specificities ranged from 63% to 100%, compared with
sensitivities of standard diagnostic pathway alone ranging
from 0% to 83% and specificities ranging from 68% to
100%. Table 1 and Figure 2 present test accuracy of POCUS
in addition to the standard diagnostic pathway, reporting
numbers of false-positive and false-negative findings across
various suspected underlying conditions and according to
pretest probabilities of suspected underlying conditions.

Congestive Heart Failure. Low-certainty evidence
showed that POCUS (lung alone or in combination with
heart, inferior vena cava, and deep veins) in addition to
the standard diagnostic pathway correctly identified 79%
to 100% of patients with unspecified dyspnea who had
congestive heart failure and 95% to 99% of patients who
did not congestive heart failure (7, 17, 18, 20).

Pleural Effusion. Low-certainty evidence showed that
POCUS (lung, heart, and deep veins; lung, heart, and inferior
vena cava) in addition to the standard diagnostic pathway
correctly identified 89% to 100% of patients with unspecified
dyspnea who had pleural effusion and 98% to 100% of
patients whodid not have pleural effusion (7, 17, 20).

Pneumonia. Low-certainty evidence showed that
POCUS (lung, heart, inferior vena cava, and deep veins)
in addition to the standard diagnostic pathway correctly
identified 92% of patients with unspecified dyspnea who
had pneumonia and 63% to 98% of patients who did not
have pneumonia (7, 17, 20).

Figure 1.Grading the certainty of evidence and strength of recommendations of ACP clinical guidelines using GRADE.

Grading Certainty of Evidence

Grading Strength of Recommendations

High

Moderate

Low

Confident that the true effect is close to the estimated effect.

Moderately confident in the effect estimate: The true effect is likely close to the estimated effect, but there is a sizeable
possibility that it is substantially different.

Confidence in the effect estimate is limited: The true effect may be substantially different from the estimated effect.

Strength Balance of Benefits and Harms Applicable Patient Population Policy Implications

Strong Confidence that the benefits clearly
outweigh risks and burden or vice versa.

Applies to most patients in most
circumstances.

Only strong recommendations could be
considered as quality indicators to guide
the development of accountability,
reporting, and payment programs.

Conditional Benefits probably outweigh the risks and
burden, or vice versa, but there is
appreciable uncertainty.

Applies to many patients but may differ
depending on circumstances or patients’
values and preferences.

Policymaking will require substantial
debates and involvement of many
stakeholders. Policies are also more likely
to vary between regions. Quality
indicators would have to focus on the fact
that adequate deliberation about the
management options has taken place.

ACP = American College of Physicians; GRADE = Grading of Recommendations Assessment, Development and Evaluation.
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Pneumothorax. No studies assessed the test accu-
racy of POCUS in addition to the standard diagnostic
pathway for detecting pneumothorax.

Pulmonary Embolism. Low-certainty evidence showed
that POCUS (lung, heart, inferior vena cava, and deep veins)
in addition to the standard diagnostic pathway correctly
identified 89% to 100% of patients with unspecified dysp-
nea who had pulmonary embolism and 95% to 100% of
patients who did not have pulmonary embolism (7, 17, 20).

Key Findings From the Systematic Review on
Critical and Important Outcomes: POCUS as a
Replacement Diagnostic Test
Health, Diagnostic, and Treatment Outcomes

No studies reported on general health outcomes for
POCUS as a replacement to the standard diagnostic pathway
in patients with acute dyspnea. Three prospective cohort
studies reported on diagnostic and treatment outcomes (22–
24) in patients with unspecified dyspnea. Evidence was insuf-
ficient to assess correctness of diagnosis with POCUS as a
replacement test compared with the standard diagnostic
pathway, and noother outcomeswere reported (7).

Test Accuracy

Most studies did not report the test accuracy of the standard
diagnostic pathway without POCUS, and comparative data
are limited for specific conditions. Two studies (low-certainty

evidence) reported sensitivity and specificity for POCUS as a
replacement to the standard diagnostic pathway and the
standard diagnostic pathway alone across various potential
underlying conditions in patients with unspecified dyspnea
(Table 2) (17, 19). The systematic review did not meta-ana-
lyze studies with high risk of bias; across all other included
studies (regardless of whether comparative data were
reported), sensitivities for POCUS as a replacement to the
standard diagnostic pathway ranged from 40% to 100%,
and specificities ranged from 58% to 100%, depending on
indication and protocol (17, 19, 25–30). These findings are
summarized here and reported inmore detail in the system-
atic review (7) and Table 2 of Supplement 1.

Congestive Heart Failure. Moderate-certainty evi-
dence showed that POCUS (lung) as a replacement test
correctly identified 76% of patients with unspecified
dyspnea who had congestive heart failure (CI, 48% to
91%) and 96% who did not have congestive heart failure
(CI, 90% to 98%) (7, 17, 19, 25, 27, 29). Low-certainty evi-
dence showed that POCUS (lung, heart, and inferior
vena cava) correctly identified 88% of patients with
unspecified dyspnea who had congestive heart failure
(CI, 85% to 91%) and 96% of patients who did not have
congestive heart failure (CI, 95% to 97%) (7, 30).

Pleural Effusion. Low-certainty evidence showed that
POCUS (lung, heart, and deep veins; lung, heart, and in-
ferior vena cava) as a replacement test correctly

Table 1. Test Accuracy of POCUS in Addition to the Standard Diagnostic Pathway Versus the Standard Diagnostic Pathway
Alone, in Patients With Acute Dyspnea Across Common Underlying Conditions*

Underlying

Condition

(Studies, n

[Reference])

Certainty

of

Evidence

Sensitivity and Specificity Prevale-

nce, %†

False Test Results per 1000 Patients

Standard Plus POCUS Standard Alone False-Negative Test Results False-Positive Test Results

Patient

Range,

n

Sensitivity,

Range,

%

Specificity

Range,

%

Patient

Range,

n

Sensitivity

Range,

%

Specificity

Range,

%

Standard

Plus POCUS

Range,

n

Standard

Alone

Range,

n

Absolute

Difference

Range,

n

Standard

Plus POCUS

Range,

n

Standard

Alone

Range,

n

Absolute

Difference

Range,

n

Congestive heart

failure (3 RCTs

[17, 18, 20])

Low‡ 158–224 79–100 95–99 88–218 38–83 68–92 50 0–105 85–310 205 fewer–

15 fewer

5–25 40–160 155 fewer–

35

fewer

Pleural effusion

(2 RCTs

[17, 20])

Low‡ 58–168 89–100 98–100 8–157 17–18 98–100 5 0–5 41§ 41 fewer–36

fewer

0–19 0–19 0 fewer§

Pneumonia

(2 RCTs

[17, 20])

Low‡ 58–168 92–92 63–98 8–157 14–83 72–97 40 32§ 68–344 312 fewer–

36 fewer

12–222 18–168 6 fewer–

54

more

Pulmonary embo-

lism (2 RCTs

[17, 20])

Low‡ 58–168 89–100 95–100 8–157 0–80 97–99 5 0–5 10–49 44 fewer–

10 fewer

0–47 9–28 9 fewer–

19

more

Downstream consequences|| Delay or failure to initiate appropri-

ate follow-up care

Delay in appropriate care. May

lead to unnecessary follow-up

care.

CGC = Clinical Guidelines Committee; POCUS = point-of-care ultrasonography; RCT = randomized controlled trial; TEP = technical expert panel.
* Studies did not report on pneumothorax. Absolute differences for false test results that were rated as critical outcomes (by type and condition) are
boldfaced. Absolute differences for false test results that are not boldfaced were rated as important outcomes.
† The CGC and TEP estimated typical prevalence of specific underlying conditions in patients with acute dyspnea and low, medium, and high pretest
probabilities, and estimates were informed by prevalence reported in the studies. For decision making in patients in whom there is diagnostic uncertainty,
the CGC created evidence profiles for average prevalence expected to be seen in the emergency department (e.g., the proportion of patients with pul-
monary embolism compared with the proportion of patients who have congestive heart failure and pneumonia in emergency department is relatively
small). Table 3 of Supplement 1 provides clinical descriptions of low, medium, and high pretest probabilities according to specific condition.
‡ Small sample size; downgraded 2 steps for serious imprecision.
§ Same value across studies.
|| Table 4 of Supplement 1 provides descriptions of potential clinical consequences of false-positive and false-negative test results according to spe-
cific condition.
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identified 78% to 89% of patients with unspecified dysp-
nea who had pleural effusion and 88% to 99% of patients
who did not have pleural effusion (7, 17, 30).

Pneumonia. Moderate-certainty evidence showed that
POCUS (lung; lung, heart, and deep veins; lung, heart, and
inferior vena cava; lung, heart, deep veins, and inferior
vena cava) as a replacement test correctly identified 52% to
88% of patients with mainly unspecified dyspnea who had
pneumonia and correctly identified 58% to 92% of patients
who did not have pneumonia (7, 17, 27, 28, 30).

Pneumothorax. Evidence is very uncertain (insuffi-
cient) about the test accuracy of POCUS as a replace-
ment test for detecting pneumothorax in patients with
unspecified dyspnea (7, 24, 30).

Pulmonary Embolism. Moderate-certainty evidence
showed that POCUS (heart; lung, heart, and deep veins;
lung, heart, and inferior vena cava; lung, heart, inferior
vena cava, and deep veins) as a replacement test cor-
rectly identified 40% to 100% of patients with unspeci-
fied dyspnea who had pulmonary embolism and 97% to
100% of patients who did not have pulmonary embolism
(7, 17, 26, 27, 30).

Harms of POCUS in Addition to the Standard
Diagnostic Pathway or as a Replacement
Diagnostic Test

No studies reported direct complications due to
POCUS or the downstream consequences of false-positive
or false-negative results from POCUS or additional diagnos-
tic interventions because of incidental findings. Few studies
reported on indeterminate sonography results.

Values and Preferences
No relevant literature was identified that assessed

the values and preferences of patients with dyspnea for
the selected outcomes.

Feedback from the CGC Public Panel showed prefer-
ences trending in favor of adding POCUS to the standard
diagnostic pathway, mostly because of the findings for
correctness of diagnosis. For POCUS as a replacement
test, most CGC Public Panel members responded that
they would not be willing to undergo POCUS.

Costs
No studies were identified that reported on the costs

of POCUS compared with standard diagnostic pathways
in the United States. Table 3 presents the Medicare
national average reimbursement rates by condition.

MULTIPLE CHRONIC CONDITIONS: CLINICAL

CONSIDERATIONS

Many (n = 34) of the studies evaluated for this guideline
included patients with 2 or more chronic conditions; thus,
these recommendations likely apply to those with multiple
chronic conditions. There may be differences in pretest
probability depending on the individual clinical situation
that would affect the test accuracy of POCUS in addition to
or as a replacement for the standard diagnostic pathway.

AREAS OF INCONCLUSIVE EVIDENCE

Overall, evidence to make a recommendation for or
against the use of POCUS as a replacement test in

Figure 2. Frequencies of false test results when using POCUS in addition to the standard diagnostic pathway according to low, me-
dium, and high pretest probabilities in patients with acute dyspnea across common underlying conditions.

544

326

326

326

 Underlying Condition 
(Studies, n [Reference])

Certainty
of
Evidence

Patients, n Pretest Probability
(Prevalence, %)*

False Test Results per 1000 Patients†

False-Negative Test
Results Range, n

False-Positive Test
Results Range, n

Congestive heart failure
 (3 RCTs [17, 18, 20]) Low‡

High (70)
Medium (50)
Low (20)

0–147
0–105
0–42

3–15
5–25
8–40

Pleural effusion (2 RCTs [17, 20])
Low‡

Low‡

Low‡

High (25)
Medium (15)
Low (5)

0–27
0–17
0–6

0–15
0–17
0–19

Pneumonia (2 RCTs [17,20])

Pulmonary embolism (2 RCTs [17, 20])

High (70)
Medium (40)
Low (20)

56§
32§
16§

6–111
12–222
16–296

High (20)
Medium (10)
Low (5)

0–22
0–11
0–5

0–40
0–45
0–47

No evidence was available to assess the test accuracy of using POCUS in addition to the standard diagnostic pathway for suspected pneumothorax. No
studies reported data on inconclusive test results or test complications. CGC = Clinical Guideline Committee; POCUS = point-of-care ultrasonography;
RCT = randomized controlled trial; TEP = technical expert panel.
* The CGC and TEP estimated typical prevalence of specific underlying conditions in patients with acute dyspnea and low, medium, and high pretest prob-
abilities, and estimates were informed by prevalence reported in the studies. Table 3 of Supplement 1 provides clinical descriptions of low, medium, and
high pretest probabilities according to specific condition.
† Table 4 of Supplement 1 provides descriptions of clinical consequences of false-positive and false-negative test results according to specific condition.
‡ Small sample size; downgraded 2 steps for serious imprecision.
§ Same value across studies.
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patients with acute dyspnea is inconclusive, given the ab-
sence of any direct evidence on health outcomes.

On the basis of the data included in this guideline
and the accompanying systematic review (7), the
effect of the amount and type of physician training
and type of device used on the outcomes remained
unclear. More research is needed to understand the
linkage among physician training, device type, and
health outcomes.

AREAS OF NO EVIDENCE

No studies provided information for the following out-
comes when POCUS was used in addition to the standard
diagnostic pathway or as a replacement test in patients
with acute dyspnea: quality of life, admissions to intensive
care units, and disease-specific health outcomes (unneces-
sary use of antibiotics, need to use breathing support, time
to referral, and lung computed tomography [proportion of
patients]). No studies reported the consequences of false-
positive or false-negative findings from POCUS in addition
to the standard diagnostic pathway or as a replacement
test, including additional or downstream testing.

RECOMMENDATION

Supplement 2 (available at Annals.org) presents a
graphic summary of the recommendation, evidence and
rationale, and clinical considerations.

Recommendation: ACP suggests that clinicians may
use point-of-care ultrasonography in addition to the
standard diagnostic pathway when there is diagnostic
uncertainty in patients with acute dyspnea in emergency
department or inpatient settings (conditional recommen-
dation; low-certainty evidence).

Rationale
The rationale to add POCUS to the standard diagnos-

tic pathway is largely based on diagnostic accuracy stud-
ies and encompasses several considerations. First,
POCUS increased the proportion of correct diagnoses by
32% when used in addition to the standard diagnostic
pathway (moderate-certainty evidence). Second, the test
accuracy, particularly sensitivity, of standard diagnostic
testing with the addition of POCUS is better than the test
accuracy of standard diagnostic pathway alone without a
substantial tradeoff in specificity (low-certainty evidence)
(Table 1). The test accuracy of POCUS is generally accept-
able, particularly for diagnosis of congestive heart failure
or pleural effusion, although the usefulness of POCUS
varies somewhat according to the underlying disease
(Table 1 and Figure 2; see Clinical Considerations). Third,
it is unlikely that POCUS is directly associated with serious
harms. Finally, POCUS is not a high-cost test (Table 3). Of
note, although correctness of diagnosis was not a prespe-
cified outcome of importance, the CGC believed it was
likely of value to patients and clinicians and was likely to

Table 2. Test Accuracy of POCUS as a Replacement Test Versus the Standard Diagnostic Pathway Alone in Patients With Acute
Dyspnea Across Common Underlying Conditions*

Underlying

Condition

(Studies, n

[Reference])

Certainty

of

Evidence

Sensitivity and Specificity Prevalence,

%†

False Test Results per 1000 Patients

POCUS as a Replacement Test Standard Alone False-Negative Test Results False-Positive Test Results

Patient

Range,

n

Sensitivity,

Range,

%

Specificity

Range,

%

Patient

Range,

n

Sensitivity

(95% CI),

%

Specificity

(95% CI),

%

POCUS

Range,

n

Standard

Alone

Range,

n

Absolute

Difference

Range,

n

POCUS

Range,

n

Standard

Alone

Range,

n

Absolute

Difference

Range,

n

Congestive

heart failure

(2 RCTs

[17, 19]

Low‡ 158–258 68–94 93–96 157–258 38–85 89–92 50 30–160 75–310 150 fewer–

45 fewer

5–20 40 –55 35 fewer

Pleural

effusion

(1 RCT [17])

Low‡ 158 89 88 157 18 (5–40) 98 (95–100) 5 5 41 36 fewer 114 19 95 more

Pneumonia

(1 RCT [17])

Low‡ 158 60 59 157 83 (72–92) 72 (62–81) 40 160 68 92 more 246 168 78 more

Pulmonary

embolism

(1 RCT [17])

Low‡ 158 63 97 157 80 (28–100) 97 (93–99) 5 18 10 8 more 28 28 0 fewer

Downstream consequences§ Delay or failure to initiate appro-

priate follow-up care

Delay in appropriate care. May

lead to unnecessary follow-

up care.

CGC = Clinical Guideline Committee; POCUS = point-of-care ultrasonography; RCT = randomized controlled trial; TEP = technical expert panel.
* Studies did not report on pneumothorax. Absolute differences for false test results that were rated as critical outcomes (by type and condition) are
boldfaced. Absolute differences for false test results that are not boldfaced were rated as important outcomes.
† The CGC and TEP estimated typical prevalence of specific underlying conditions in patients with acute dyspnea and low, medium, and high pretest
probabilities, and estimates were informed by prevalence reported in the studies. For decision making in patients in whom there is diagnostic uncertainty,
the CGC created evidence profiles for average prevalence expected to be seen in the emergency department (e.g., the proportion of patients with pul-
monary embolism compared with the proportion of patients who have congestive heart failure and pneumonia in emergency department is relatively
small). Table 3 of Supplement 1 provides clinical descriptions of low, medium, and high pretest probabilities according to specific condition.
‡ Only 1 or 2 studies and small sample size, probably not enough to meet optimal information size threshold; downgraded 2 steps for serious
imprecision.
§ Table 4 of Supplement 1 provides descriptions of clinical consequences of false-positive and false-negative test results according to specific condition.
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correlate with the delivery of appropriate care and
improved health outcomes.

The CGC graded this as a conditional recommenda-
tion because there was limited evidence examining the
effect of POCUS on health outcomes, and there are
many uncertainties related to variation in testing proto-
cols, training, clinician experience, clinical setting, and
equipment. Limited evidence on health outcomes
showed that POCUS did not reduce hospital length of
stay or readmissions (moderate-certainty evidence).
However, there was no increase in length of stay with the
addition of POCUS. The CGC determined that the lack of
demonstrated effects on other health outcomes was ei-
ther of low certainty or insufficient and thus does not pre-
clude clinically meaningful benefits, especially given the
supporting evidence on correctness of diagnosis and
test accuracy as well as the lack of evidence of serious
harms or high costs.

CLINICAL CONSIDERATIONS

• The included studies enrolled adult patients present-
ing in EDs and inpatient settings with dyspnea as a
primary symptom (unspecified acute dyspnea) and
who were later confirmed to have 1 of the conditions
of interest (congestive heart failure [including pulmo-
nary edema], pleural effusion, pneumonia, pneumo-
thorax, or pulmonary embolism).

• Findings may differ in outpatient settings. Thus, our
recommendation applies to EDs and inpatient settings.

• The systematic review excluded studies that included
patients with other medical conditions that can cause
dyspnea (for example, chronic obstructive pulmonary

disease, asthma, acute coronary symptoms, and
trauma) if the patients were not also confirmed to have
1 of the conditions of interest.

• This recommendation does not apply to handheld
devices; evidence from 1 high risk of bias study is very
uncertain (insufficient) about the effect of handheld
POCUS devices in addition to the standard pathway on
health, diagnostic, and treatment outcomes. Future
research is needed to assess the effectiveness, harms,
and diagnostic accuracy characteristics of handheld
devices.

• Clinicians who use POCUS should be trained in the use
and interpretation of findings and ongoing care quality
assessment. This is an important area for future research:
In the included studies, the experience and training of
POCUS operators varied and reportingwas limited.

• As with any diagnostic test, this recommendation
applies to clinical scenarios where there is diagnostic
uncertainty. Clinicians should understand and con-
sider that the test accuracy of POCUS varies accord-
ing to the likelihood of underlying diseases.

• Figure 2 shows that, using the prevalence estimates of
various conditions reported in the studies, the rate of
false-positive test results for pneumonia and pulmo-
nary embolism may be higher than what many clini-
cians and patients are comfortable with, especially
because false-positive results for these conditions may
lead to unnecessary use of anticoagulation and
antibiotics.

• Clinicians can also review Figure 2 and consider that
the severity of consequences of false-negative or
false-positive test results may differ according to

Table 3. National Average Medicare Reimbursement Rates for the Diagnostic Work-up of Common Underlying Conditions for
Acute Dyspnea, With POCUS and Without POCUS*

Work-up Component Medicare Reimbursement Rate† Relevant Work-up Components by Condition‡

Physician,

U.S. $

Hospital ED or

Laboratory,

U.S. $

Congestive

Heart

Failure

Pulmonary

Embolism

Pleural Effusion Pneumonia Pneumothorax

Ultrasonography, chest cardiac,

limited

26 233 ✓ – – – –

Ultrasonography, chest, real-time

imaging, and documentation

30 112 – ✓ ✓ ✓ ✓

Electrocardiography 17 – ✓ – – – –

Complete blood count without

differential

– 6 ✓ – – – –

Brain natriuretic peptide – 39 ✓ – – – –

Chest radiography 11 80 ✓ – ✓ ✓ ✓

D-dimer – 10 – ✓ – – –

Total sum of national average reimbursement rates for standard work-up

Without POCUS, U.S. $ 153 10 91 91 91

With POCUS, U.S. $ 412 152 233 233 233

ED = emergency department; POCUS = point-of-care ultrasonography.
*Hospital ED visits are paid under the Medicare Outpatient Prospective Payment System called the Ambulatory Payment Classifications system. Each
Ambulatory Payment Classification comprises services that are similar in clinical intensity, resource use, and cost. Services in the ED followed by inpatient stays
or services during inpatient stays are not individually reimbursed. These services are paid in an episode-of-care bundle under Medicare's Inpatient Prospective
Payment System. Laboratory services, although not the clinical services provided to evaluate need for laboratory work, are paid under the Medicare Clinical
Laboratory Fee Schedule. Sources: Medicare fee schedules (www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched; www.cms.gov/
Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched; www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/HospitalOutpatientPPS/
Addendum-A-and-Addendum-B-Updates; https://www.cms.gov/medicaremedicare-fee-service-paymentdmeposfeescheddmepos-fee-schedule/dme20).
† The 2020 national average rates for participating providers (physicians, hospitals, and laboratories). Costs rounded to nearest U.S. dollar.
‡ The ✓ indicates included in work-up.
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condition. Table 4 of Supplement 1 provides clinical
descriptions of potential consequences according to
specific conditions: It may be more “serious” to miss
a diagnosis of pneumonia or pulmonary embolism
than to miss a diagnosis of heart failure or pleural
effusion.

• However, we do not have direct evidence about the
health outcome effect of false-negative or false-
positive testing in POCUS.

• In patients who are clinically unstable, the use of
POCUS should not delay management actions
derived from results of other diagnostic tests in the
pathway.

• The extent of organs and anatomical sites imaged varied
across included studies, with some confined to the
lungs, whereas others included more comprehensive
assessment of the inferior vena cava, deep veins, and
heart. Clinicians should focus POCUS on anatomical
sites consistent with their diagnostic and treatment
uncertainties.
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APPENDIX: DETAILED METHODS OF THE

SYSTEMATIC REVIEW AND GUIDELINE

Cochrane Austria at Danube University Krems con-
ducted the supporting systematic review. Details of the
ACP guideline development process can be found in
ACP's methods articles (8, 9). Disclosure of interests and
management of any conflicts can be found at https://
www.acponline.org/clinical_information/guidelines/
guidelines/conflicts_cgc.htm.

Key Questions Addressed
Key question 1: In patients with acute dyspnea, what

are the beneficial and harmful health effects of POCUS
plus clinical examination compared with clinical exami-
nation alone?

Key question 2: What is the diagnostic test accuracy
of POCUS in patients with acute dyspnea to detect con-
gestive heart failure, pneumonia, pulmonary embolism,
pleural effusion, or pneumothorax as the underlying
cause of acute dyspnea?

Search Strategy of Systematic Review
Reviewers searched several databases for studies

and systematic reviews published in English from 2004
to August 2020.

Quality Assessment, Synthesis, andOverall

Certainty of Evidence
Reviewers used the Cochrane Risk of Bias Tool (31)

and the QUADAS-2 (Quality Assessment of Diagnostic
Accuracy Studies 2) tool (32) to assess the risk of bias for
randomized controlled trials and diagnostic accuracy
studies, respectively.

Population Studied
Adult patients with unspecified acute dyspnea or

acute dyspnea due to a suspected diagnosis of congestive
heart failure (including pulmonary edema), pneumonia,
pulmonary embolism, pleural effusion, or pneumothorax.

Interventions Evaluated
Bedside POCUS (trolley- or cart-based, compact–hand-

held, or application-based) in addition to clinical examina-
tionwith or without a standard diagnostic pathway.

Comparators
Standard diagnostic pathway without POCUS; refer-

ence tests: chest radiography, echocardiography, labora-
tory values for congestive heart failure, chest radiography
and computed tomography scan for pleural effusion and
pneumonia, chest radiography for pneumothorax, and
computed tomography pulmonary angiography and ven-
tilation perfusion scanning for pulmonary embolism.

Outcomes
Members of the CGC (clinicians and nonclinician

public members) and the CGC Public Panel members
were asked a priori to independently rate the impor-
tance of evaluated outcomes.

Setting
Hospital settings (ED, intensive care units, and nonin-

tensive care settings) in countries with a “very high”
Human Development Index.

Target Audience
The target audience is all clinicians.

Target Patient Population
The target patient population is adult patients with

acute dyspnea in ED or inpatient settings.

Public or Patient Involvement
The development of this guideline also included per-

spectives, values, and preferences of 2 nonphysician CGC
members who represent the public and a 7-member CGC
Public Panel. In addition, the CGC Public Panel was also
surveyed to assess their preferences with regards of the
intervention options.
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Cost Search
ACP staff searched PubMed (MEDLINE) from incep-

tion to February 2020. ACP staff searched several other
databases (National Health Service Economic Evaluation
Database, Database of Abstracts of Reviews of Effects,
and the Health Technology Assessment database) from
inception through 2015, at which point the databases
stopped adding records. The search used a modified
search string strategy from the clinical effectiveness
review that added cost, resource use, and economic
search terms as identified by the Canadian Agency for
Drugs and Technologies in Health Information Services
Filters Working Group.

ACP staff used the Medicare Fee Schedules to identify
Medicare reimbursements fees for POCUS and other
tests included in the standard diagnostic work-up for the
included conditions. The search yielded 779 citations, of
which 6 were selected for full-text review.

Peer Review
The supporting systematic review and guideline

each had a peer review process through the journal. The
guideline was posted online for comments from ACP
Regents and ACP Governors, who represent internal
medicine and its subspecialty physician members at the
national and international levels.

Appendix Table. Outcome Ratings for the Appropriate Use of POCUS in Patients With Acute Dyspnea in Emergency
Department or Inpatient Settings

Critical Outcomes Important Outcomes

False-positive results for suspected pneumonia

False-positive results for suspected pneumothorax

False-positive results for suspected pulmonary embolism

False-negative results for suspected congestive heart

failure

False-negative results for suspected pneumonia

False-negative results for suspected pneumothorax

False-negative results for suspected pulmonary

embolism

In-hospital mortality

Time to treatment

Time to diagnosis

Correctness of diagnosis

Hospital admission/readmission

Hospital length of stay

False-positive results for suspected congestive heart failure

False-negative results for suspected pleural effusion

False-positive results for suspected pleural effusion

Intensive care unit admission

Need to use breathing support

Proportion of patients to receive lung computed tomography

Quality of life

Time to referral

Unnecessary use of antibiotics

POCUS = point-of-care ultrasonography.
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