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The diagnostic accuracy of a point-of-care ultrasound
protocol for shock etiology: A systematic review and
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CLINICIAN’S CAPSULE

What is known about the topic?

The rapid ultrasound for shock and hypotension (RUSH)
exam has been suggested to help diagnose the etiology
of undifferentiated shock.

What did this study ask?

What does the literature say regarding the diagnostic
accuracy of the RUSH exam for shock etiology by
subtype?

What did this study find?

The RUSH exam is better able to “rule in” than “rule out”
most shock subtypes.

Why does this study matter to clinicians?

Diagnostic accuracy for shock evaluation can be improved
with use of an ultrasound protocol, but additional clinical
information should still be used.

ABSTRACT

Objective: The aim of this study was to perform a systematic
review and meta-analysis of the diagnostic accuracy of a
point-of-care ultrasound exam for undifferentiated shock in
patients presenting to the emergency department.

Methods: Ovid MEDLINE, Scopus, Cochrane Central Register
of Controlled Trials, and research meeting abstracts were
searched from 1966 to June 2018 for relevant studies. QUA-
DAS-2 was used to assess study quality, and meta-analysis
was conducted to pool performance data of individual categor-
ies of shock.

Results: A total of 5,097 non-duplicated studies were identi-
fied, of which 58 underwent full-text review; 4 were included
for analysis. Study quality by QUADAS-2 was considered over-
all alow risk of bias. Pooled positive likelihood ratio values ran-
ged from 8.25 (95% Cl 3.29 to 20.69) for hypovolemic shock to
40.54 (95% Cl 12.06 to 136.28) for obstructive shock. Pooled
negative likelihood ratio values ranged from 0.13 (95% CI
0.04 to 0.48) for obstructive shock to 0.32 (95% CI 0.16 to
0.62) for mixed-etiology shock.

Conclusion: The rapid ultrasound for shock and hypotension
(RUSH) exam performs better when used to rule in causes of
shock, rather than to definitively exclude specific etiologies.
The negative likelihood ratios of the exam by subtype suggest
that it most accurately rules out obstructive shock.

RESUME

Objectif: L'étude visait a réaliser une revue systématique et
une méta-analyse de I'exactitude diagnostique de I'échogra-
phie au point de service dans le diagnostic des états de choc
non différenciés au service des urgences.

Méthode: Une recherche documentaire a été entreprise dans
les bases de données Ovid, MEDLINE, Scopus et le registre
Cochrane Central Register of Controlled Trials ainsi que dans
des résumés de congres sur la recherche dans le but de relever
des études pertinentes, de 1966 a juin 2018. La qualité des
études a été évaluée a I'aide de QUADAS-2, et une méta-ana-
lyse, effectuée afin de réunir des données sur la performance
de I'examen dans différentes catégories d’état de choc.
Résultats: Ont été relevées en tout 5097 études nouvelles, dont
58 ont fait I'objet d'un examen en version intégrale; sur ce der-
nier nombre, 4 ont été retenues aux fins de I'analyse. La qualité
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des études comportait, dans I'ensemble, un faible risque de
bais, d'apres l'instrument QUADAS-2. Les valeurs réunies
des rapports de vraisemblance positifs variaient de 8,25 (IC a
95% : 3,29 a 20,69) pour les chocs d’origine hypovolémique a
40,54 (IC a 95% : 12,06 a 136,28) pour les chocs d’origine
obstructive. Les valeurs réunies des rapports de vraisem-
blance négatifs variaient de 0,13 (IC a 95% : 0,04 a 0,48) pour
les chocs d’origine obstructive a 0,32 (IC a 95% : 0,16 a 0,62)
pour les chocs d'origine mixte.

Conclusion: L'EPS pratiquée d’urgence dans les cas de choc et
d’hypotension donne de meilleurs résultats lorsqu’il s’agit
d’inclure des causes d’état de choc que lorsqu’il s'agit d’écar-
ter définitivement des causes particuliéres. D'apres les rap-
ports de vraisemblance négatifs répartis en sous-catégorie,
I'examen permettrait d'écarter avec une grande exactitude
les états de choc d’origine obstructive.

Keywords: hypotension, POCUS, RUSH, shock, ultrasound

INTRODUCTION

Shock is a state of severe metabolic and circulatory dys-
function resulting in inadequate tissue oxygenation and
perfusion.” Shock etiology can be categorized into four
categories: hypovolemic/hemorrhagic, distributive, car-
diogenic, and obstructive. “Undifferentiated shock”
denotes a shock state of an unclear source, a common ini-
tial presentation of shock in the emergency department
(ED).!

Point-of-care ultrasound (POCUS) can diagnose vari-
ous potential causes of shock.”™ In one study, early
multi-organ POCUS correctly classified the final diag-
nosis in 80% of cases of shock, offering support that
multi-organ POCUS can help diagnose the cause of
shock, and therefore, expedite treatment decisions.”

Numerous multi-organ POCUS protocols exist, the
rapid ultrasound for shock and hypotension (RUSH)
exam being amongst the comprehensive.'’! The
RUSH exam involves assessments of the heart, lungs,
inferior vena cava (IVC), peritoneum, abdominal aorta,
and possibly lower extremity veins.'®'? However, the
diagnostic accuracy of the RUSH exam to distinguish
different shock subtypes remains undefined. The pur-
pose of this systematic review and meta-analysis is to
evaluate the ability of the RUSH exam to diagnose the
etiology of shock among patients with different shock
subtypes presenting to the ED.

METHODS
Study design
This systematic review was registered at the Prospero

registry of systematic reviews (CRD42016036033). The
design and manuscript structure conforms to the
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Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement.*

Search strategy

A trained medical librarian performed the literature
search using Ovid MEDLINE (1966-June 13, 2018),
Cochrane Central Register of Controlled Trials (1991-
June 13, 2018), and Scopus (1996-June 13, 2018). The
following major terms were searched in combination
(full search strategy in Appendix Document 1): “rapid
ultrasound in shock,” “rush protocol,” “rush exam,”
“undifferentiated shock,” “undifferentiated hypotension,”
“shock,” “hypotension,” “ultrasound,” “ultrasonography,”
“echocardiography.” Results from all languages were
included, with Google Translate (Mountain View, CA)
used to translate non-English manuscripts.”” Two
reviewers (SPS and RGQG) searched abstracts accepted
for presentation at national conferences and published
in Annals of Emergency Medicine, Academic Emergency
Medicine, Journal of Emergency Medicine, fournal of Ultra-
sound in Medicine, Critical Ultrasound Journal, CFEM, and
Critical Care Medicine from 2000 through June 13, 2018.
Authors of any potentially relevant articles were con-
tacted for further information. Clinicaltrials.gov was
searched for ongoing and completed trials.

Study selection

Two authors (SPS and RG) independently reviewed
titles and abstracts generated by the literature search
and selected relevant manuscripts for a full-text review.
Diagnostic studies using the RUSH exam or an identical
protocol for the evaluation of shock/hypotension in ED
patients were considered for inclusion. An identical
protocol was considered one that included POCUS
evaluation of the heart (for size, strain, contractility,
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and tamponade), lungs (for pneumothorax, pulmonary
edema, and pleural effusion), IVC (for size and collaps-
ibility), peritoneum (for free fluid), and aorta (for aneur-
ysm or dissection) for the evaluation shock/hypotension
etiology. Evaluation of lower extremity veins for deep
venous thrombosis (DVT) was not considered necessary
for inclusion due to variable inclusion in the original
RUSH exam publications.'®"’

Table 1 defines the RUSH exam criteria for each
shock subtype and associated clinical diagnosis (see
also supplemental videos).'*** “Mixed-etiology” shock
was defined by the authors. Any disagreements between
reviewers for study inclusion were resolved by
discussion.

Individual evidence quality appraisal

Two reviewers (SS and CK) independently used the
Quality Assessment Tool for Diagnostic Accuracy Stud-
ies (QUADAS-2) for systematic reviews to evaluate the
quality of evidence for identified studies.”” The
reviewers used several a priori conditions to evaluate
risk of bias for individual studies and applicability to
the PICO question:

Patient selection

Reviewers assessed whether a study’s inclusion and
exclusion criteria led investigators to evaluate patients
with shock who were more or less acutely ill than those
typically evaluated in ED settings, or those in whom an
ultrasound evaluation may be easier or more challenging
to acquire adequate images (e.g., body habitus). Such
exclusions could introduce spectrum bias.*®

Index test

Reviewers assessed whether the criteria for shock sub-
type according to the RUSH exam were uniform and
consistent with criteria stated in the source articles (see

Table 1).

Reference standard

Because no single test is accepted to diagnose every
etiology of shock, reviewers accepted a reference stand-
ard of chart review or blinded expert opinion/consensus.

Disagreements were discussed between SS and CK to
achieve consensus.

408 2019;21(3)
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Data collection

Two reviewers (SS and GU) independently abstracted
data from included studies, including the title, publica-
tion year, enrolment period, sample sizes, sampling
methods, inclusion and exclusion criteria, operators
and equipment used, ultrasound protocol description,
study test characteristics, and reference standard.
Authors of included papers were contacted for additional
data if all relevant data were not included in the original
manuscript.

Data analysis

One reviewer (CRC) computed meta-analysis estimates
when >1 study assessed the same findings on POCUS
and were compared to a similar criterion standard. We
generated combined estimates for diagnostic accuracy
using a random-effects model (Meta-DiSc Hospital
Universitario Ramén y Cajal, Madrid, Spain).””*® Inter-
study heterogeneity ~was assessed using the
Der-Simonian-Laird random effects model and the
Index of Inconsistency (I7).*”° Pooled estimates of
dichotomous positive (LR+) and negative (LR-) likeli-
hood ratios were also reported from the random effects
model. Publication bias was not assessed because this is
not an accepted approach in diagnostic meta-analyses
due to the small number of studies generally identified.”’
Additionally, one study reported indeterminate data
regarding POCUS results. Although not planned prior
to commencing our review, we conducted a separate ana-
lysis to evaluate the potential statistical impact of these
indeterminate cases (Appendix Document 2).

RESULTS
Search results

Our search identified 6,462 citations; 5,097 studies
remained after the removal of duplicates (Figure 1).
Nine studies met inclusion criteria. Four were included
in our final analysis after determining that one study
included data presented in a later publication,’” one
study included a subset of data contained in a previous
publication,’® and another provided inadequate refer-
ence standard data.’* Additionally, two studies were
excluded following a QUADAS-2 assessment: one con-
sidered high risk for incorporation bias and imperfect

CJEM * JCMU
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Table 1. RUSH exam findings in shock subtypes

Heart IVC Peritoneum

Hypovolemic Hyperdynamic Slit-like, fully Peritoneal fluid
compressible (e.g., from
trauma,
ruptured
ectopic)
Cardiogenic  Hypodynamic, Distended Normal, possible
dilated peritoneal fluid
Obstructive  Pericardial effusion, Distended Normal
dilated ventricle
(s) with strain
Distributive  Hyperdynamic Normal or slit-  Normal, possible
(early) or like peritoneal fluid
hypodynamic
(late)

IVC =inferior vena cava.

gold standard bias, and another considered high risk for
incorporation bias and double gold standard bias, both
following author correspondence.’””> We excluded two
conference abstracts due to insufficient data following
unanswered requests for further information.’®*” One
trial was identified on clinicialtrials.gov for possible
inclusion, but early results were not available.’® All
included studies were deemed to be of low overall risk
of bias (Table 2). Although all included studies cited an
original RUSH exam article in the description of the
protocol performed,'® we received clarification from
only one author group regarding what specific POCUS
criteria were used to define each shock subtype. The ref-
erence standard was a medical chart review.

Study characteristics

Table 3 displays study characteristics for the included
studies. All were prospective trials involving convenience
samples of ED patients with acute undifferentiated shock.

Risk of bias within studies

Table 4 displays the QUADAS-2 assessment results. All
included studies were deemed to be of overall low risk for
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Principal clinical

Aorta Lungs Leg veins diagnoses
Aneurysm, Normal Normal “Dehydration,”
dissection hemorrhage
Normal Pleural effusion, Normal Heart failure, acute
interstitial fluid myocardial
infarction
Normal Absent lung sliding Thrombosis Pulmonary
(e.g., embolism,
pneumothorax) cardiac
tamponade,
tension
pneumothorax
Normal Possible pleural Normal Sepsis, neurogenic
effusion or shock,
interstitial fluid anaphylaxis

bias; we felt that the issue regarding criteria for RUSH
exam interpretation was a theoretical concern, rather

than a clear high risk of bias.
Meta-analysis results

The graphical results of our meta-analysis are included
in Appendix Figures 1-5. Table 5 shows the pooled sen-
sitivity, specificity, LR+ and LR- by shock subtype. All of
the meta-analysis results are based on four studies of 357
patients, except for obstructive, which was based on three
studies of 239 patients, and mixed-etiology, which was
based on three studies of 332 patients.

Hypovolemic

Pooled LR+ and LR- were 8.25 (95% CI 3.29-20.69)
and 0.19 (95% CI 0.07-0.50), respectively. Statistical
heterogeneity (I) was high (near or above 70%) for all
test characteristics calculated.

Cardiogenic

Pooled LR+ and LR- were 24.14 (95% CI 12.43-46.86)
and 0.24 (95% CI 0.12-0.49), respectively. For sensitiv-
ity, I was high (near or above 70%). For specificity and
positive likelihood ratio, I? was 0%.

2019;21(3) 409
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Citations identified
Ovid MEDLINE 2199
CCRCT 122

Scopus 4141
n=6462

! Duplicates removed
| n=1365
v
Studies reviewed for title
and abstract

n=5097

l}—, Studies excluded by
| title or abstract

v
Full-text articles n=5039

reviewed for eligibility
n=58

| Full-text articles

f not meeting

v inclusion criteria
Full-text articles meeting n=46
inclusion criteria
n=9

Studies excluded
» | for redundant or
incomplete data

v

Full-text articles included ar:(; bias
for analysis =
n=4

CCRCT: Cochrane Clinical Register of Controlled Trials

Figure 1. Search results flowchart.

Obstructive

Data from the Bagheri-Hairiri et al. study were not
included in the meta-analysis of obstructive shock
because there were no cases of obstructive shock in
their study.’” Additionally, only cases of massive pul-
monary embolism as causes of obstructive shock were
noted in the Shokoohi et al. study.** Pooled LR+ and
LR- were 40.54 (95% CI 12.06-136.28) and 0.13 (95%
CI 0.04-0.48), respectively. I* for specificity and LR+
were moderate at 59.8% and 25.6%, respectively. I? for
sensitivity and LR- were 0%.

Distributive

Pooled LR+ and LR- were 17.56 (95% CI 3.46-86.19)
and 0.30 (95% CI 0.11-0.79), respectively. I* for all
test characteristics were high (above 70%).

Mixed

Data from the study by Shokoohi et al. were not included
in the meta-analysis of mixed etiology shock because

410 2019;21(3)
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there were no specifically documented cases of that
category.” Pooled LR+ and LR- were 12.91 (95% CI
0.84-198.84) and 0.32 (95% CI 0.16-0.62), respectively.
I? for specificity and LR+ were high (both above 85%),
whereas I* was 0% for sensitivity and LR-.

Indeterminate studies

One study was unique in that it included data on indeter-
minate RUSH exams.*’ We sought to evaluate the
impact that this may have on the results. There were
eight cases (10%) where no final clinical diagnosis was
reported and five cases where the ultrasound diagnosis
was indeterminate. The eight cases without reference
standard data were removed from our analysis. Table 3
includes our 3 x2 cell matrix; Appendix Document 2
includes all calculated data when factoring the potential
impact of indeterminate results. Overall, worst case
LR+ ranged from 7.4 (mixed) to 11 (cardiogenic), and
best case LR+ ranged from 26.5 (hypovolemic) to 50.9
(obstructive). Worst case LR- ranged from 0.4 (mixed)
to 0 (hypovolemic), and best case LR- ranged from
0.28 (mixed) to 0 (hypovolemic and cardiogenic).

DISCUSSION
Summary of evidence

With this systematic review, we sought to evaluate the
accuracy with which the RUSH exam performed by
ED providers was able to diagnose the etiology of
shock by subtype.

A comparison of LR+ across shock subtypes reveals
that the RUSH exam is most accurate for obstructive
shock and least accurate for mixed-etiology shock. How-
ever , there were very few cases of obstructive shock over-
all, and no cases of cardiac tamponade in the included
studies. Also, the wide confidence intervals for hypovol-
emic, distributive, and mixed-etiology shock suggest that
further data are needed to understand the true value of
the RUSH exam for these etiologies. The high specifi-
city values in our analysis of the RUSH exam support
that a positive finding when performing the protocol
may yield clinically useful information for all shock sub-
types except mixed.

"The pooled LR- for obstructive shock was also useful
to rule out these etiologies. On the other hand, the
pooled LR- for cardiogenic, distributive, hypovolemic,
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Table 2. Included studies characteristics

Enrolment Inclusion criteria
Bagheri-Hairiri  Prospective SBP <90 mm Hg or
etal. (2015) convenience shock index > 1
sample of 25 with hypoperfusion
patients symptoms
Ghane, et al Prospective SBP <100 mmHg or
(2015) convenience shock index > 1
sample of 77
patients

Shokoohi, et al
(2015)

SBP < 90 mm Hg
after an initial fluid
resuscitation; no

Prospective
convenience
sample of 118
patients obvious source of

hypotension

Exclusion criteria

Age < 18 years; IV fluids
administered prior to hospital
admission; presence of
known ascites or pleural
effusion due to documented
chronic disease; severe
obesity (BMI > 40);
pregnancy; patients with a
known or obvious type of
shock; patients already under
“standard treatment and

management” for shock prior

to the RUSH; patients with
penetrating or multiple blunt
trauma

None stated

Age <18 years; Obvious source;

trauma-related hypotension;
Pre-existing DNR order

Operators and
Equipment

Protocol

Operator. POCUS-trained  RUSH including

Emergency Physicians
Equipment. SonoScape
S6 system with 7.5
MHz linear and 4 MHz
phased array
transducers

Operator. POCUS-trained
Emergency Physicians
and Radiologist
“acquainted” with
RUSH exam

Equipment. Sonoscape
system with 2.5-5b
MHz curvilinear and
5-12 MHz linear
transducers

Operator. POCUS-trained
Emergency Physicians

Equipment. Sonosite
M-Turbo system with
5-1 MHz phased array
transducer and Zonare
z.0ne Ultra system with
4-1 MHz phased array
transducer

leg veins

RUSH including
leg veins

Heart. contractility,
effusion, dilatation

Lung: lung sliding,
effusion

IVC: size

Abdomen: free
fluid, aorta (no
leg vein
imaging
reported)

RUSH exam
diagnosis
criteria

Perera et al.
RUSH
article cited,
no specific
criteria
provided

Perera et al.
RUSH
article cited,
no specific
criteria
provided

Perera et al.
RUSH
article cited,
no specific
criteria
provided

Reference
standard

Expert ICU panel
and medical
chart review

Medical chart
review/
secondary
physician
determination

Independent,
blinded chart
review by two
intensivists

(Continued)
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Table 2. Continued.

Atkinson, et al
(2018)

Enrolment

Prospective
randomized
convenience
sample, 138
patients received
POCUS, data
provided for 137
patients

Inclusion criteria

Exclusion criteria

SBP < 100 mm Hg or Age < 19 years; pregnancy;

shock index > 1

necessity of cardiopulmonary
resuscitation or advanced
cardiac life support before
screening; trauma in the last
24 hours; acute myocardial
infarction on
electrocardiogram; obvious or
previously known cause of
shock if transferred,;
vasovagal cause; history of
baseline hypotension (i.e.,
normal variant)

ACES = abdominal and cardiac evaluation with sonography for shock; POCUS = point-of-care ultrasound;

RUSH, rapid ultrasound in shock and hypotension; SBP = systolic blood pressure.

Table 3. Individual results of included studies by shock category

Hypovolemic
Bagherir-Hairiri US+ us-
etal. (2015) Dx+ 14 0
Dx- 3 8
Ghane et al. US+ us-
(2015)* Dx+ 16 0
Dx- 2 51
Shokoohi et al. US+ us-
(2015)# Dx+ 36 8
Dx- 3 71
Atkinson et al. US+ us-
(2018) Dx+ 22 12
Dx- 14 89

Cardiogenic

Dx+
Dx-

US+
Dx+ 18
Dx- 1

Dx+

Dx+
Dx-

Obstructive
us- US+
2 Dx+ 0
20 Dx- 0
US+-~  US- US+
2 0 Dx+ 10
3 45 Dx- 1
us- US+
4 Dx+ 3
95 Dx- 0
Us- US+
4 Dx+ 1
116 Dx- 4

Operators and
Equipment

Operator: POCUS-trained
Emergency Physicians
Equipment: Sonosite

M-Turbo, Sonosite

Protocol

Heart: contractility,
effusion, dilatation

Lung:lung sliding,
pleural effusion

Edge, Sonosite X-porte, /VC: size,

and Esoate Mylab collapsibility
systems with Abdomen: free
curvilinear and phased fluid, aorta
array transducers (no leg vein
(specific bandwidths imaging
not provided) reported)
Distributive
us- US+ us-
0 Dx+ 3 1
25 Dx- 0 21
US+/~  US- US+  US+~  US-
1 1 Dx+ 8 1 2
4 52 Dx- 0 4 54
us- US+ us-
0 Dx+ 43 8
115 Dx- 2 65
us- US+ Us-
0 Dx+ 33 37
132 Dx- 8 59

*The study by Ghane et al. included eight patients who did not have a final clinical diagnosis. These patients were removed from analysis to avoid differential verification bias.
#For the study by Shokoohi et al, obstructive shock only included cases attributed to pulmonary embolism. Cardiac tamponade was not included.

US+ Positive diagnosis by ultrasound.
US- Negative diagnosis by ultrasound.

US+/- Indeterminate diagnosis by ultrasound

Dx+ Positive diagnosis by gold standard
Dx- Negative diagnosis by gold standard

RUSH exam
diagnosis Reference
criteria standard
Specific Independent,
pre-set blinded chart
criteria review by two
based on physicians
RUSH and
ACES
exams
Mixed
US+ uUs-
Dx+ 2 0
Dx- 0 23
US+ US+~ US-
Dx+ 7 1 3
Dx- 1 4 53
US+ Us-
Dx+
Dx-
US+ us-
Dx+ 9 3
Dx- 40 85
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Table 4. QUADAS-2 results

Risk of bias
Patient Index Reference
Study selection test standard
Bagheri-Hairari et al. ? ? ?
(2015)

Ghane et al. (2015)

=~

Shokoohi et al. (2015)
Mesterhézi et al. (2016)
Atkinson et al. (2018)

Elbai et al. (2018)

> © ®
~> O 0 -

®

@Low risk ®High risk  Q Unclear risk

POCUS for shock — RUSH systematic review and meta-analysis

Applicability concerns

Reference
standard

Patient Index
selection test

©

Flow and
timing

©

@)

=~

D O ~ O -
© 0000
© <~ O 0
~>~ 0000 6

Table 5. Pooled sensitivities, specificities, and likelihood ratios by shock subtype

Shock type Sensitivity (%) 95% ClI Specificity (%)
Hypovolemic 81 73-88 91
Cardiogenic 83 71-92 97
Obstructive 93 68-100 98
Distributive 64 56-72 95
Mixed 75 53-90 80

and mixed-etiology shock is potentially inadequate when
used alone to exclude these etiologies, suggesting that
additional clinical judgment is necessary.

Our search found few studies directly evaluating the
diagnostic accuracy of the RUSH exam. The paucity of
RUSH exam diagnostic accuracy research may reflect a
lack of awareness of the protocol or lack of experience
with components of the protocol amongst clinicians
and researchers. Lack of buy-in and poor integration of
POCUS in clinical practice may be another barrier, as
suggested by a recent analysis of billing data in the Uni-
ted States noting only 0.7% of emergency medicine
practitioners received reimbursement for ED POCUS
exams.” Whether this reflects simply low billing rates
or low utilization is unclear, but it seems plausible that
poor clinical integration may affect research endeavours.
Additionally, because a relatively large number of multi-
organ POCUS protocols have been proposed fairly
recently (Appendix Table 1), a criticism may be in

CJEM * JCMU
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95% ClI (+) LR 95% ClI () LR 95% Cl
87-94 8.25 3.29-20.69 0.19 0.07-0.50
95-99 24.14 12.43-46.86 0.24 0.12-0.49
96-99 40.54 12.06-136.28 0.13 0.04-0.48
91-98 17.56 3.46-89.19 0.30 0.11-0.79
73-85 12.91 0.84-198.84 0.32 0.16-0.62

order that the POCUS community has been more
focused on proposing protocols rather than testing and
refining those that already exist,'!315-17:19-21

Our analysis found that in the single, small study that
included indeterminate data, inclusion or exclusion of
indeterminate studies can have a marked effect on the
results — for example, the worst case LR+ for mixed eti-
ology shock was 7.4, but the best case was 42.8, which
changes the impact of the study from being strongly sug-
gestive to clinching the diagnosis. We are unaware of
studies evaluating the frequency with which indetermin-
ate POCUS exams occur. POCUS researchers should
include data on indeterminate results to better character-
ize their analyses.

Our review also highlights the need for refined
POCUS research for shock. Existing and future multi-
organ POCUS protocols should be compared head-to-
head to determine which provides the most critical infor-
mation in the most pragmatic and expeditious fashion

2019;21(3) 413
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when used by typical (not ultrasound expert) ED provi-
ders.'*13 17171921 One group has attempted to devise
an optimal multi-organ POCUS protocol for shock via
a preliminary study and subsequent consensus confer-
ence statement, but this has not been compared with
existing protocols to prove superiority.*** Additionally,
although clinicians and researchers may equate diagnos-
tic accuracy with improved patient care, high test accur-
acy does not necessarily lead to better patient outcomes.
Atkinson et al. sought to evaluate the impact of multi-
organ POCUS on 30-day mortality or discharge for
patients presenting to the ED with undifferentiated
shock.” Their analysis noted no significant difference
in the primary end point, with a mortality rate of around
24% in the POCUS and control groups. Further
research into the patient-centric value that POCUS
brings to shock evaluation should be considered, particu-
larly regarding any potential clinical decision rule deriv-
ation and validation studies, so that the additive value of
the imaging beyond other bedside tests (e.g., history,
physical exam, and labs) can be fully evaluated.*®

This review demonstrates that the RUSH exam can
aid in the identification of the category of undifferenti-
ated shock subtypes, which can help guide further
decision-making. However, used in isolation, the
RUSH exam is imperfect, particularly in excluding any
subtype besides obstructive, potentially leading to an
incomplete or incorrect diagnosis. The RUSH exam is
best used as one component in a complete evaluation
of a hypotensive patient, rather than the sole determin-
ant for decision-making.

Limitations

There are several limitations to our review. In this study,
we accepted a diagnosis of “mixed” as its own group,
without explicit identification of which comprised the
diagnosis. Therefore, our data may be interpreted as a
best-case scenario for the ability of the RUSH exam to
diagnose mixed-etiology shock. A less biased method
to quantify diagnostic accuracy would be for researchers
to define what shock types contribute to the “mixed”
category and compare those with an agreed upon refer-
ence standard.

The sample sizes for several studies were small, and
the overall number of patients was low. Only one of
the included studies reported an a priori sample size esti-
mate, and only one followed Standards for Reporting
Diagnostic Accuracy (STARD) criteria,*” which limits
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future investigators’ ability to reproduce researchers’
methods.** Methods for estimating appropriate diag-
nostic sample sizes exist and should prevent underpow-
ered studies.”® Additionally, not all causes of shock
were equally represented. In particular, obstructive
causes of shock were the least represented in the analysis,
with no cases of tamponade. While this may reflect the
relatively low incidence of this category of shock, it
may also impair the ability to make judgments on the
ability of the RUSH exam to evaluate its representative
pathologies equally.

We accepted the medical chart review as an adequate
reference standard to compare with RUSH exam diag-
noses. While this would seem to hold some face (clinical)
validity, itis difficult to determine whether medical chart
reviewers were using the same criteria for each subtype
diagnosis. Because no suitable comparative diagnostic
tool exists across etiologies, we felt this was a reasonable
reference standard to use, but readers should keep this
limitation in mind.

Heterogeneity (I?) was fairly high across several statis-
tical parameters for most subtypes. This may be due in
part to low sample sizes, differences in RUSH exam
interpretation or performance (e.g., in one study clinical,
data may have played a role in RUSH exam interpret-
ation; for all studies it is unknown what the providers’
previous experience was with RUSH exam interpretation
beyond subjective descriptions), or differences in study
populations (e.g., no mixed category in one study, few
obstructive cases overall). Further studies would be
aided by appropriately powered sample sizes and rigor-
ous standards for RUSH exam interpretation.

Although all studies reported those performing the
RUSH exams to have been familiar with the protocol,
none included data on inter-rater reliability or intra-rater
reliability. This limits the ability to evaluate procedural
competence and its effect on the reported results.
Whether the reported results reflect the value of the
RUSH exam when performed perfectly, by an “average”
clinical ultrasonographer, or by a novice, is unclear.

Few authors fulfilled our requests for the data sheets
used to determine RUSH exam diagnoses. We were
unable to compare whether the same criteria for index
test diagnosis were used across studies, raising concern
for possible differential verification bias, which may
artificially improve statistical measures of diagnostic
accuracy.”

We did not include DVT evaluation as necessary for
inclusion. This was decided upon because the original
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description of the RUSH exam by Weingartetal. did not
include DVT evaluation, although subsequent versions
varied.'®!*! Rather than appear to favour one version
over the other, we chose to be as comprehensive as pos-
sible and viewed the inclusion of DVT evaluation as
optional. Our results should therefore be interpreted
with this in mind, although we feel that obstructive
shock due to pulmonary embolism would most likely
have other ultrasonographic findings of obstructive
shock besides DVT.’ Therefore, we do not feel
strongly that this should affect the impact of our
analysis.

CONCLUSION

Our review suggests that the RUSH exam performs bet-
ter when used to confirm suspected causes of shock,
rather than to definitively exclude specific etiologies.
The LR- values of the RUSH exam by subtype suggest
that it most accurately rules out obstructive shock.
Future research should evaluate the comparative
accuracy and real-world acceptability of the various
multi-organ POCUS protocols for the evaluation of
undifferentiated shock, as well as evaluate patient-
oriented outcomes in regard to POCUS evaluation for
shock patients.
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