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Abstract
Purpose Point-of-care ultrasonography (POCUS) is an established tool in the management of hypotensive patients in the 
emergency department (ED). We compared the diagnostic accuracy of a POCUS protocol versus standard assessment without 
POCUS in patients with undifferentiated hypotension.
Methods This was an international, multicenter randomized controlled trial included three EDs in North America and three 
in South Africa from September 2012 to December 2016. Hypotensive patients were randomized to early POCUS protocol 
plus standard care (POCUS group) or standard care without POCUS (control group). Initial and secondary diagnoses were 
recorded at 0 and 60 min. The main outcome was measures of diagnostic accuracy of a POCUS protocol in differentiating 
between cardiogenic and non-cardiogenic shock. Secondary outcomes were diagnostic performance for shock sub-types, as 
well as changes in perceived category of shock and overall diagnosis.
Results Follow-up was completed for 270 of 273 patients. For cardiogenic shock, the POCUS-based diagnostic approach 
(POCUS) performed similarly to the non-POCUS approach (control) for specificity [95.5% (89.9–98.5) vs.93.8% (87.7–
97.5)]; positive likelihood ratio (17.92 vs 14.80); negative likelihood ratio (0.21 vs 0.09) and diagnostic odds ratio (85.6 vs 
166.57), with a similar overall diagnostic accuracy between the two approaches [93.7% (88–97.2) vs 93.6% (87.8–97.2)]. 
Diagnostic performance measures were similar across sub-categories of shock.
Conclusion This is the first randomized controlled trial to compare diagnostic performance of a POCUS protocol to standard 
care without POCUS in undifferentiated hypotensive ED patients. POCUS performed well diagnostically in undifferentiated 
hypotensive patients, especially as a rule-in test; however, performance did not differ meaningfully from standard assessment.
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Résumé
Objectif L'échographie au point d'intervention (POCUS) est un outil bien établi dans la gestion des patients hypotendus dans 
le service des urgences. Nous avons comparé la précision diagnostique d'un protocole POCUS par rapport à une évaluation 
standard sans POCUS chez des patients présentant une hypotension indifférenciée.
Méthodes Il s'agissait d'un essai contrôlé randomisé international multicentrique incluant 3 services d'urgence en Amérique 
du Nord et 3 en Afrique du Sud de septembre 2012 à décembre 2016. Les patients hypotenseurs ont été répartis par randomi-
sation selon le protocole POCUS précoce plus les soins standard (groupe POCUS) ou les soins standard sans POCUS (groupe 
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témoin). Les diagnostics initiaux et secondaires ont été enregistrés à 0 et 60 minutes. Le principal résultat était la mesure de 
la précision diagnostique d'un protocole POCUS pour différencier le choc cardiogénique du choc non cardiogénique. Les 
résultats secondaires étaient la performance diagnostique pour les sous-types de chocs, ainsi que les changements dans la 
perception de la catégorie de choc et du diagnostic global.
Résultats Le suivi a été complété pour 270 des 273 patients. Pour le choc cardiogénique, l'approche diagnostique basée 
sur le POCUS (POCUS) a donné des résultats similaires à l'approche non-POCUS (Contrôle) pour la spécificité (95,5 % 
(89,9–98,5) vs 93,8 % (87,7–97,5)) ; Rapport de vraisemblance positif (17,92 vs 14,80) ; Le rapport de vraisemblance négatif 
(0,21 vs 0,09) et le rapport de cotes diagnostiques (85,6 vs 166,57), avec une précision diagnostique globale similaire entre 
les deux approches (93,7 % (88–97,2) vs 93,6 % (87,8–97,2). Les mesures de performance diagnostique étaient similaires 
dans toutes les sous-catégories de choc.
Conclusion Il s'agit du premier essai contrôlé randomisé visant à comparer la performance diagnostique d'un protocole 
POCUS aux soins standard sans POCUS chez des patients hypotendus indifférenciés aux urgences. La POCUS a donné de 
bons résultats diagnostiques chez les patients hypotendus indifférenciés, surtout en tant que test de référence ; cependant, 
les performances ne diffèrent pas de manière significative de l'évaluation standard.

Mots‑clés Médecine d'urgence · échographie au point de service · choc · hypotension

Clinician’s capsule 

What is known about the topic?
  Point of Care Ultrasound decreases the number of 
differential diagnoses and has high accuracy in undif-
ferentiated atraumatic shocked patients.

What did this study ask?
 Does the addition of a POCUS protocol to the usual 
diagnostic approach improve diagnostic accuracy in 
undifferentiated hypotensive ED patients?

What did this study find?
  Accuracy of the diagnosis of shock type was simi-
lar with and without a POCUS protocol but POCUS 
seemed to change preferred diagnosis more fre-
quently.

Why does this study matter to clinicians?
 The diagnostic benefits of a POCUS protocol seen in 
individual patients may not improve diagnostic accu-
racy over a non-POCUS approach at a population 
level.

Introduction

Background

Hypotension is a common presentation to the emergency 
department (ED) and is associated with poor outcomes 
when no clear, identifiable cause is obvious. Patients pre-
senting with hypotension are in a state of hypoperfusion and 

end organ dysfunction and have an associated mortality of 
greater than 30% if appropriate management is not promptly 
initiated [1]. Unfortunately, the underlying cause for hypo-
tension is not always immediately apparent, and given the 
various categories of shock, initial management may not 
be targeted effectively. The use of point-of-care ultrasound 
(POCUS) in the ED can provide rapid additional information 
leading to timely diagnosis or identification of the cause of 
shock [2, 3]. Given that time is a factor in improving survival 
of patients with undifferentiated hypotension [4–7], POCUS 
could be beneficial in the diagnosis and subsequent manage-
ment of patients in shock.

Previous studies have shown that POCUS is helpful in 
narrowing diagnostic etiologies for non-traumatic hypoten-
sion, with one study demonstrating that POCUS increases 
diagnostic accuracy by 30% [8]. A recent systematic review 
has shown that POCUS protocols have been shown to have 
reasonable diagnostic accuracy in shock, and demonstrated 
high diagnostic accuracy for cardiogenic, hypovolemic, and 
obstructive shock in particular [9–11]. In septic patients, 
POCUS can improve diagnostic time by minutes, com-
pared to hours with standard of care. In this same subset 
of patients, POCUS improved sensitivity of initial clinical 
diagnosis by 25% [12]. In some cases, the use of POCUS can 
completely change the management of hypotensive patients 
by adding pertinent information that would otherwise be 
unknown [2]. It follows that practitioners feel more confident 
in decision making with the added information from bedside 
ultrasound [13].

Although there are reported benefits with the use of 
POCUS in assessing hypotensive patients, evidence com-
paring the diagnostic accuracy of POCUS to that of standard 
care in the diagnosis of patients with undifferentiated shock 
is lacking.
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The Sonography in Hypotension and Cardiac Arrest 
in the Emergency Department (SHoC-ED) study was an 
international, multicenter, randomized controlled trial 
that assessed the impact of a standardized POCUS pro-
tocol on survival and key clinical outcomes of patients 
presenting to the ED with undifferentiated hypotension. 
We have previously reported clinical outcomes from 
the study [14–16]. In this planned secondary analysis, 
we report on diagnostic accuracy, an a priori secondary 
outcome of the SHoC-ED study, aiming to determine if 
use of a POCUS directed diagnostic protocol leads to 
improved diagnostic accuracy in ED patients with undif-
ferentiated hypotension, compared to a standard non-
POCUS-based approach. Th primary outcome measure 
for this report was the diagnostic accuracy measures of 
a POCUS protocol in differentiating between cardio-
genic and non-cardiogenic shock. Secondary outcome 
measures include diagnostic performance of POCUS for 
sub-categories of shock, as well as change in perceived 
category of shock and diagnosis.

Materials and methods

Study design and setting

This was an international, multi-center, randomized con-
trolled trial (RCT) in North America (3 sites) and South 
Africa (3 sites) from September 2012 to December 2016. 
The population consisted of adult patients who presented to 
the ED with undifferentiated, non-traumatic hypotension, or 
shock. The North American sites were large tertiary referral 
and academic centers, staffed by accredited emergency phy-
sicians. The South African sites consisted of a large district 
hospital, a large regional hospital and a tertiary academic 
center and were also staffed by accredited emergency physi-
cians. All physicians performing POCUS were assessed and 
certified as competent using the relevant national and uni-
versity POCUS certification processes based on the IFEM 
curriculum [17]. Any scans completed by residents were 
supervised by POCUS-certified emergency physicians. Staff 
from different international sites visited other locations to 
confirm competency standards were comparable across all 
study locations.

For all sites, recruitment and enrollment was per-
formed on consecutive eligible patients by physicians 
who were immediately available in the department. The 
POCUS protocol was based upon previously published 
protocols for hypotension and shock [3, 18]. It con-
sisted of cardiac (C), lung (L), inferior vena cava (IVC), 
abdominal aortic (aorta), abdominal (A) and pelvic 
views (P). Specific questions to be answered included: 
presence of pericardial fluid, contractility and size of 

both ventricles using subxiphoid, parasternal and api-
cal views (whichever could be obtained); presence of 
free peritoneal, pleural or pelvic fluid using abdominal, 
lung and pelvic views; size and collapsibility of the IVC; 
lung views to assess for pneumothoraces; aortic views to 
assess abdominal aortic aneurysm (Supplemental Fig. 1).

Participants

All adult patients were screened at triage. Sustained hypo-
tension with a systolic blood pressure (SBP) < 100 mmHg, 
or a shock index (SI) > 1.0 (SI = heart rate divided by SBP) 
indicated potential eligibility. Inclusion criteria for study 
enrollment were age 19 years of age and older and ED pres-
entation with a sustained initial systolic blood pressure < 100 
or a shock index (SI) > 1.0 (SI = heart rate divided by SBP). 
Exclusion criteria included pregnancy (known at time of 
presentation or discovered during initial screening), requir-
ing CPR or other advanced life support interventions prior 
to screening or enrollment, a history of significant trauma 
in past 24 h, a 12-lead electrocardiogram (ECG) diagnostic 
of acute myocardial infarction (AMI), a clear mechanism 
or etiology for the hypotension or shock (i.e., not undiffer-
entiated shock), a previously known diagnosis from other 
hospital (for transferred patients), a vagal episode (as cause 
of hypotension) and low blood pressure considered to be 
non-pathologic (normal variant or other). Once the screen-
ing form was reviewed with a physician, if no obvious etiol-
ogy was evident (see exclusion criteria) then the patient was 
included and randomized.

Interventions

Emergency department clinical staff identified potential can-
didates and notified the attending physician. A standardized 
patient pre-inclusion form was utilized to confirm eligibility. 
Emergency physicians trained on the study protocol pro-
ceeded to review the inclusion and exclusion criteria and 
obtained written or witnessed verbal consent to participate 
in the study. In severely compromised patients, consent was 
waived as per the study protocol.

Randomized block sampling by site was used to give 
participants equal likelihood of being assigned to either the 
control or POCUS protocol group and to decrease acciden-
tal bias associated with convenience sampling. QuickCalcs 
Random Numbers by GraphPad Software (Prism5 GPW5-
105,200-RKI-9100) was used to randomly assign either 
“control” (no POCUS protocol) or “intervention” (POCUS) 
documents to batches of 100 sealed envelopes. 50 envelopes 
of each group were assigned. Researchers provided sequen-
tially numbered pre-randomized envelopes, which were 
matched in size, color and weight to ensure randomization.
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Case report forms included clear instructions for pro-
spectively documenting demographics, clinical data and 
study findings as well as ultrasound views required. For 
both groups, the attending physicians performed their nor-
mal initial clinical assessment, documenting their perceived 
category of shock as cardiogenic or non-cardiogenic, as well 
as a suspected diagnosis. It was suggested for physicians 
to choose one category of shock and anticipated diagnosis, 
although in complex cases physicians may leave it blank, 
meaning uncertain, or may have suggest more than one sus-
pected contributing etiology for diagnosis. For the POCUS 
group a POCUS protocol was completed within the first 
60 min of the patient visit The treating physician performed 
the POCUS unless they were not fully certified in POCUS, 
in which case an additional POCUS trained physician per-
formed the scan in the presence of the treating physician 
and shared details and findings in real time. If views could 
not be achieved (i.e., Subxiphoid cardiac views), physicians 
were encouraged to obtain other views to gain information 
(i.e., parasternal views). In cases where a view could abso-
lutely not be obtained, no comment was made. No scan was 
completed in the control group and they received standard 
care. At 60 min, physicians reevaluated participants and 
completed a secondary clinical impression, again docu-
menting their perceived category of shock and suspected 
diagnosis, with the additional information provided in the 
POCUS protocol group. No inter-rater reliability calcula-
tions were completed between physicians for diagnosis of 
category of shock—a consensus model was used where all 
patient information was reviewed by the physician, in addi-
tion to their views, to determine shock category. Additional 
information included a standard blood panel including com-
plete blood count, electrolytes, creatinine, venous blood gas, 

and lactate. Results from this secondary study are already 
in publication [16].

A chart review was completed by the research coordina-
tor for any missing data, and subsequently entered into a 
master study spreadsheet (MS Excel, version 15; Microsoft, 
Redmond, WA).

The original study ended early on the advice of the inde-
pendent oversight committee, due to lack of predicted mean-
ingful difference between groups for the primary outcome 
of mortality for the main SHOC-ED study.

Outcomes measures

The main outcome of this report is the standard measures 
of diagnostic performance of a POCUS protocol for differ-
entiating between cardiogenic and non-cardiogenic shock in 
patients presenting to the ED with undifferentiated hypoten-
sion. These include sensitivity, specificity, negative and pos-
itive likelihood ratios and accuracy of a POCUS protocol.

Secondary outcomes include accuracy measures of sub-
categories of shock as well as rate of change of perceived 
shock category and diagnosis with the addition of a POCUS 
protocol.

Data analysis

Reported diagnoses were grouped under general diagnostic 
categories for ease of comparison. The diagnosis category list 
was adapted from Jones et al. [8] with the addition of a category 
for malignancy related illness. These diagnoses would then be 
considered in a category of ‘cardiogenic’ vs ‘non-cardiogenic’ 
forms of shock as seen in Supplemental Table 1. In certain 
complex cases, a ‘mixed’ category could be considered.

Table 1  Baseline demographic 
profile of study participants

Group characteristics and baseline measurements

Group POCUS Control

Total participants (n) 138 135
North America (n; %) 90 (65.2%) 89 (65.9%)
South Africa (n; %) 48 (34.8%) 46 (34.1%)
Male (n; %) 73 (52.9%) 65 (48.1%)
Age (years; mean; 95% CI) 56.1 (53.0 to 59.3) 58.7 (55.5 to 61.9)
SBP (mmHg; mean; 95% CI) 91.0 (88.7 to 93.4) 91.5 (88.9 to 94.2)
HR (bpm; mean; 95% CI) 106.7 (102.0 to 111.3) 111 (106.0 to 116.0)
Resps (bpm; mean; 95% CI) 24.2 (22.5 to 25.9) 23.7 (22.3 to 25.0)
Temp (deg C; mean; 95% CI) 36.7 (36.5 to 36.8) 36.9 (36.6 to 37.1)
Category of shock (n; %; 95% CI)
 Cardiogenic 15 (10.9%; 6.6 to 17.3%) 13 (9.6%; 5.6 to 15.9%)
 Non-cardiogenic 121 (87.7%; 81.1 to 92.3%) 118 (87.4%; 80.1 to 92.1%)
 Both 1 (< 1%) 0 (< 1%)
 Uncertain 1 (< 1%) 4 (3.0%)
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Definitive diagnosis was established by independent final 
chart review, including all results and tests during the attend-
ance/admission, by two emergency clinicians with no direct 
relationship to the patients blinded to initial impressions and 
POCUS findings. Charts were reviewed after 30 days from 
inclusion in the trial, or after the patient expired if applica-
ble. This was considered the reference standard.

The study was registered at ClinicalTrials.gov (registra-
tion number NCT01419106) and all sites received local 
research ethics board (REB) approval. All study subject 
information collected was kept confidential and password 
protected with identifiable patient data replaced by study 
specific numbers. The study was conducted in accordance 
with the International Conference on Harmonization for 
Good Clinical Practice [19] and the appropriate regula-
tory requirements. Informed consent, written or verbal 
was obtained. Delayed consent or waiver of consent was 
obtained post patient recovery or from next of kin.

Measures of diagnostic accuracy were calculated 
with the “epiR” package v. 0.9–99 on R Studio v. 3.1.2. 

Categorical data were analyzed using Fisher’s exact test 
(RStudio). A sample size of 265 provided a power of 0.80 
(α: 0.05) to detect a moderate effect size (> 15%), as sta-
tistical significance at this size may indicate a difference 
that is of clinical importance.

Results

273 patients were enrolled, with follow-up and data collec-
tion completed for 270, with 3 patients being lost to follow-
up. The participant CONSORT flow sheet can be seen in 
Fig. 1.

Of those enrolled, 135 participants were randomized to 
the control group, and 138 to the POCUS protocol group. 
Baseline demographics can be seen in Table 1. Randomi-
zation was successful, with the groups being adequately 
matched for baseline demographics and vital signs. Base-
line vitals confirm selection of hypotensive shocked patients, 
with an overall mean systolic blood pressure of 91.2 (95% 
CI 89.5 to 93.0) mmHg, and a mean heart rate of 108.9 (95% 
CI 105.5 to 112.2) bpm. The majority of participants had 
non-cardiogenic shock.

Main outcome measure

The POCUS protocol-based diagnostic approach (POCUS) 
performed similarly to the non-POCUS approach (control) 
in correctly determining underlying cardiogenic shock (see 
Table 2); The specificity of POCUS was 95.5% [95% CI 
89.9–98.5) vs. control 93.8% (87.7–97.5)]; sensitivity 80% 
(51.9–95.6) vs 91.7% (61.5–99.8); positive likelihood ratio 
17.92 (7.33–43.8) vs 14.80 (7.08–30.9); negative Likelihood 
ratio 0.21 (0.08–0.58) vs 0.09 (0.01–0.58); and diagnos-
tic odds ratio 85.6 (18.2–403.6) vs 166.57 (18.7–1481.4); 
with a similar overall diagnostic accuracy between the two 
approaches [POCUS 93.7% (88–97.2) vs control 93.6% 
(87.8–97.2)].

Diagnostic performance was similar across other sub-
categories of shock (Table 3), with neurogenic sub-category 
not reported due to low numbers.

Fig. 1  Consort flow diaphragm

Table 2  Diagnostic 
performance of POCUS 
vs control for diagnosing 
cardiogenic shock

POCUS Control

Sensitivity (%; 95% CI) 80% (51.9–95.6) 91.7% (61.5–99.8)
Specificity (%; 95% CI) 95.5% (89.9–98.5) 93.8% (87.7–97.5)
Positive likelihood ratio (95% CI) 17.92 (7.33–43.8) 14.80 (7.08–30.9)
Negative likelihood ratio (95% CI) 0.21 (0.08–0.58) 0.09 (0.01–0.58)
Diagnostic odds ratio (95% CI) 85.6 (18.2–403.6) 166.57 (18.7–1481.4)
Diagnostic accuracy (95% CI) 93.7% (88–97.2) Control 93.6% (87.8–97.2)
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Secondary outcomes

Category of shock

We found that clinicians in the POCUS protocol group were 
more likely to change their perceived category of shock 
(24/138; 17.39%) when compared to control (10/135; 7.4%; 
p = 0.016. (Supplemental Fig. 3). However, those in the 
POCUS protocol group that changed their category of shock 
(13/22; 59%) were no more likely to change it to the cor-
rect category when compared with the control (7/10; 70%; 
p = 0.70). In addition, when comparing accuracy between 
groups who did not change their category of shock, clini-
cians using the POCUS-based approach were no more likely 
to stay with their original, correct impression (109/114; 
95.6%) when compared to the control group (115/122; 
94.2%; p = 0.77). See Table 4.

Diagnosis

There was no important difference in rate of change of 
diagnosis between the POCUS protocol (48/137; 35.0%) 
and control groups (36/135; 26.7%; p = 0.15). Similar to 
our findings for category of shock, those in the POCUS 
protocol group that changed their diagnostic impression 
were no more likely to change it to the correct diagnosis 
(21/46; 45.7%) when compared to the control (13/36; 36.1%; 
p = 0.50). Those in the POCUS group who stayed with their 
original diagnosis were no more likely to be correct (66/89; 
74.2%) when compared to control (72/98; 73.5%; p = 1.00). 
Follow-up for two patients was lost during this analysis of 
those physicians who changed their category of shock and 
diagnosis. See Table 4.

Table 3  Diagnostic performance of POCUS vs control for sub-categories of shock

Hypovolemia N = 68 LV dysfunction (cardiogenic) 
N = 25

Sepsis (distributive) N = 159 Obstructive N = 7

POCUS 
N = 34

Control 
N = 34

POCUS 
N = 13

Control 
N = 12

POCUS 
N = 77

Control 
N = 82

POCUS N = 5 Control N = 2

Sensitivity ( 
%; 95% CI)

65 (0.46–
0.80)

65 (0.46–
0.80)

54 (0.25–
0.81)

58 (0.28–
0.85)

73 (0.61–
0.82)

78 (0.68–
0.86)

20 (0.01–
0.72)

50 (0.01–0.99)

Specificity ( 
%; 95% CI)

87 (0.79–
0.93)

87 (0.79–
0.93)

98 (0.94–
1.00)

97 (0.92–
0.99)

77 (0.64–
0.87)

79 (0.65–
0.89)

99 (0.96–
1.00)

99 (0.96–1.00)

PPV (95% CI) 63 (0.45–
0.79)

63 (0.45–
0.79)

78 (0.40–
0.97)

64 (0.31–
0.89)

80 (0.69–
0.89)

85 (0.75–
0.92)

50 (0.01–
0.99)

50 (0.01–0.99)

NPV (95% 
CI)

88 (0.80–
0.94)

88 (0.80–
0.94)

95 (0.90–
0.98)

96 (0.91–
0.99)

69 (0.56–
0.79)

69 (0.56–
0.81)

97 (0.93–
0.99)

99 (0.96–1.00)

 + LR (95% 
CI)

5.13 (2.91–
9.02)

4.98 (2.83–
8.75)

33.38 (7.72–
144.32)

17.79 (6.07–
52.18)

3.12 (1.93–
5.03)

3.69 (2.16–
6.31)

26.40 (1.91–
364.09)

66 (6.02–
723.46)

− LR (95% 
CI)

0.40 (0.25–
0.64)

0.41 (0.26–
0.64)

0.47 (0.26–
0.84)

0.43 (0.22–
0.84)

0.36 (0.24–
0.53)

0.28 (0.18–
0.43)

0.81 (0.52–
1.25)

0.50 (0.13–
2.01)

Table 4  Changes in perceived (preferred) category of shock and accuracy of change in diagnosis

POCUS (n/total) (%) Control (n/total) (%) p value

Changes in perceived (preferred) category of shock
 Change in perceived category of shock 24/138; 17.39% 10/135; 7.4% p = 0.016*
 Correctly changed perceived category of shock 13/22; 59% 7/10; 70% p = 0.70
 Correctly retained perceived category of shock 109/114; 95.6% 115/122; 94.2% p = 0.77
 Changed diagnosis 48/137; 35.0% 36/135; 26.7% p = 0.15
 Correct change of diagnosis 21/46; 45.7% 13/36; 36.1% p = 0.50
 Correctly did not change diagnosis 66/89; 74.2% (72/98; 73.5% p = 1.00



54 Canadian Journal of Emergency Medicine (2023) 25:48–56

Vol.:(0123456789)1 3

Discussion

Interpretation of findings

Although previous studies have reported clinically useful 
levels of accuracy for point-of-care ultrasound (POCUS)-
based diagnostic strategies in shock and critical illness, 
none have compared this accuracy to a control group uti-
lizing standard non-POCUS-based diagnostic approaches. 
In this study we have confirmed the diagnostic accuracy 
of a POCUS protocol for the underlying shock type, which 
with an overall accuracy of around 94%, similar to previous 
reports [9] and have also shown that a POCUS-based strat-
egy performs to a similar level of accuracy as a no-POCUS-
based approach for our study population of ED patients pre-
senting with undifferentiated shock. In this study, a POCUS 
protocol performed better as a “rule-in” test, with better 
specificities than sensitivities, and better positive likelihood 
ratios than negative, which could suggest that the use of 
ultrasound might be helpful in ruling-in, rather than ruling-
out, various presentations of shock. POCUS performed best 
in confirming left ventricular dysfunction (cardiogenic) and 
obstructive sub-categories of shock In our previous reported 
publication, common findings found with the POCUS pro-
tocol included small-volume inferior vena cava (55%), col-
lapsing inferior vena cava (50%), hyperdynamic left ven-
tricular function (44%), pericardial effusion (18%), pleural 
fluid (14%), hypodynamic left ventricular function (13%), 
peritoneal fluid (9%), and abdominal aortic aneurysm (4%), 
therefore giving the impression that it is the overall global 
assessment of multiple views and clinical picture contribut-
ing to diagnosis category of shock, as opposed to one single 
finding.

Comparison to previous studies

It is important to highlight that only patients with true undif-
ferentiated shock were included in this comparison. It is also 
important to note that the large majority of patients included 
in both groups had an underlying diagnosis of sepsis (dis-
tributive shock), a diagnosis that has no specific POCUS 
findings, but rather a typical pattern of several findings 
across the cardiovascular system [14]. One previous study 
found that POCUS improved the sensitivity of initial clinical 
diagnosis by 25% in septic patients compared to standard of 
care [12]. However, these scans were history driven where 
a clinician specifically scanned the area of interest pertinent 
to their diagnosis, whereas our protocol focused on the car-
diovascular findings associated with hypotension. The inci-
dence of diagnoses that may be expected to be captured by 

POCUS, but not easily detected by initial clinical assessment 
such as AAA, cardiac tamponade, or peritoneal hemorrhage, 
was low in this study [14].

It is interesting that clinicians using POCUS in our 
study were more likely to change their initial impression 
of shock category than those relying on standard diagnostic 
approaches without POCUS, yet were not more likely to 
improve the accuracy of shock category or diagnosis. Per-
haps as diagnosticians, we are prone to believing tests and 
images over clinical signs when revising our differential 
diagnoses [20].

Strengths and limitations

As a multicenter randomized controlled trial, this is the first 
study to report evidence directly comparing diagnostic accu-
racy of a POCUS protocol to routine clinical assessment with-
out POCUS. The accuracy of interpretation of both POCUS 
and clinical findings in this study relied on the trained clinician 
at the bedside. We did not record images, and did not review 
or revise the interpretation of laboratory results or other diag-
nostic tests, other than in determining the reference standard 
diagnosis and shock category. As such, the study reports how 
each group performed, rather than how each group might 
have optimally performed with the available information. Our 
reference standard of a chart review to determine the actual 
diagnosis and shock category is not a gold standard, but is a 
reliable alternative. This has been a widely used approach to 
determine final diagnosis, and improved by blinding to the 
initial clinical and POCUS findings, and by the use of two 
reviewers and consensus reasoning [21]. However, it is still 
an approach that relies on second hand information and on 
the diagnostic accuracy of the clinicians looking after these 
patients beyond their emergency department phase of care. 
Finally, the original study ended prior to recruitment of the 
initially planned 400 patients, on the advice of the independent 
oversight committee, due to the predicted futility of finding 
any difference between groups for the overall primary out-
come measure of survival in the initial SHOC-ED study [14]. 
Although this was not directly related to the primary outcome 
of diagnostic accuracy in this paper, the ending of the over-
all study limited our analysis However, it remains the largest 
comparative study to date.

Clinical and research implications

It is reassuring for POCUS users that the addition of POCUS 
to the diagnostic approach for critically ill patients in the 
ED does not seem to have any negative impact on over-
all diagnostic accuracy. The first do no harm principle has 
now clearly been confirmed as it relates to POCUS in this 
setting, and answers concerns raised previously by certain 
groups [22]. The potential benefit of POCUS in helping to 
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detect an unanticipated underlying critical cause of shock (e.g., 
AAA, cardiac tamponade) in any individual case can now be 
embraced without fear of any general negative impact from its 
use. To balance this enthusiasm, our findings also recognized 
that at a population level, standard diagnostic approaches for 
undifferentiated shock are reasonable and as likely to reach 
an accurate diagnosis as strategies that include POCUS. We 
did not attempt to analyze the time taken to reach an accurate 
diagnosis between groups, though previous studies have shown 
significant benefits for POCUS use in reducing the time to 
diagnosis and critical interventions in shock [18, 23]. Future 
research examining diagnostic performance in all comers with 
critical illness is warranted.

Conclusion

In this first randomized controlled trial to compare a POCUS 
protocol-based diagnostic approach to standard care without 
PoCUS, in undifferentiated hypotensive emergency depart-
ment patients, we confirmed the accuracy of point-of-care 
ultrasound (POCUS), which performed best as a rule-in test. 
While a POCUS protocol may add diagnostic advantage for 
some individual patients, overall, a POCUS-based approach 
showed a similar performance to standard (no-POCUS) 
diagnostic approaches in this population.
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