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Objective: To perform a diagnostic accuracy of the rapid ultrasound in shock (RUSH) to diagnose the etiology
of undifferentiated shock in patients presenting to the emergency department (ED).

Methods: We searched the Medline via PubMed, Scopus, and ISI Web of Knowledge till July 2017. Two
independent reviewers screened studies for eligibility. Our study analysis is planned in accordance with the
guidelines for meta—analysis of diagnostic studies. In the systematic search, of 397 references, 295 were
excluded on the basis of the title and abstract. For the remaining 102 articles, the full text was retrieved and
critically reviewed. After the selection process, five papers were included.

Results: The pooled estimate of all data showed that the RUSH protocol exhibited high sensitivity (0.87, 95%
Confidence Interval (CI): 0.80-0.92, 1’=46.7%) and specificity (0.98, 95% C. I.: 0.96-0.99, 1>=30.8%). The AUC
for SROC, a global measure of the RUSH protocol performance, was 0.98+0.01, indicates the high accuracy of
the test. Positive and negative likelihood ratios reported from the studies ranged from 9.83 to 51.32 and 0.04
to 0.33, respectively. The pooled estimate of all data showed that the RUSH protocol exhibited high positive
likelihood ratio (19.19, 95% C. 1.: 11.49-32.06, I’=14.1%) and low negative likelihood ratio (0.23, 95% C. L.:
0.15-0.34, I°=18.4%)).

Conclusion: This meta-analysis suggests that RUSH protocol has generally good role to distinguish the states
of shock in patients with undifferentiated shock referred to the emergency department.
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Introduction

hock is a life-threatening condition which is

typically divided into four categories: cardiogenic,
hypovolemic, distributive, obstructive [1]. There
is an increasing trend in the number of cases of
shock following the increase in accidents leading
to traumatic shocks [2]. Since each type of shock
requires a special treatment, we need quick-detection
techniques for all kinds of shock in the emergency
room and critical care units [2]. Considering the
diagnosis of the cause of shock is usually based on
the history of the patients or his/her relatives, along
with the results of some laboratory tests, there is a
possibility of an error, especially in the results of
emergency tests [3]. According to this, over the last
decade, multi-system shock detection techniques
have been used, all based on ultrasound technology
[4]. These methods include: Undifferentiated
hypotensive patient, focused echocardiographic
evaluation in life support, focused echocardiographic
evaluation in resuscitation, abdominal and cardiac
evaluation in life support, rapid ultrasound in shock
(RUSH), critical care ultrasonography (CCUS),
echocardiography guided life support [S]. A lot of
studies have shown that use of ultrasound in the
bedside management of the patients with shock
provides an accurate assessment that is associated
with improved patient care. One of the newest
diagnostic methods used in recent years to detect all
types of shock and its causes is the RUSH protocol,
which not only has great success in rapid diagnosis
at the patient’s bedside, but is easily learned and
implemented at the moment of the patient’s arrival
in the emergency room and this training is now
included in education programs for emergency
medicine residents in United States [5].

The RUSH protocol consists of three steps, in
which all three categories of factors (Tank, Pipe,
and Pump), which ultimately lead to the occurrence
of different types of shock, are examined [5]. The
RUSH protocol examines the Pump’s anatomy of
the heart cavity, the possible mechanical stresses on
the heart and the cardiac contractile power and the
obstructive situation of cardiac output like cardiac
tamponade and Massive pulmonary emboli. In the
Tank section, the IVC and jugular venous vein status
is evaluated either in collapse or dilation, as well
as retention or loss of fluids. In the Pipe section,
abdominal arteries and aorta are examined for the
presence of aneurysms and Lower Extremities
venous system for DVT [5]. In a study by Shahram
Bagheri Hariri et al. in 2015, the Kappa correlation
coefficient for comparing the RUSH protocol and
the final diagnosis was 0.84 percent, indicating a
high compliance rate of the protocol. In this study,
the overall sensitivity of this method (for detection
of shock type) is 88% and its overall specificity is
96%. Also, in this study, the type of shock 81% of
patients were correctly diagnosed using the RUSH
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protocol, but 19% of patients were diagnosed as
being mistaken [6]. In another study in 2013, Kappa’s
correlation coefficient for comparison of the RUSH
0.7 protocol has been calculated [7].

Although few studies have been conducted to
illustrate the effect of the Rush protocol on the
diagnosis and treatment of shock patients, a systematic
study has not been done so far. The purpose of this
review was to review the effectiveness of the RUSH
protocol in determining the exact types of shock in
patients referred to the emergency department.

Materials and Methods

Literature Search

Search Strategy: We searched the Medline via
PubMed, Scopus, and ISI Web of Knowledge till
July, 2017. Following search strategy was used for
this study: [“rapid ultrasound in shock” OR “rapid
ultrasound in shock protocol” OR “RUSH protocol”
OR “rush protocol”]. Flow diagram of literature
search and selection of primary study process was
shown in Figure 1. For increasing the sensitivity of
our search we also searched Google Scholar. Ethical
approval was not required as this was a secondary
study. Limitations were applied to exclude conference
papers, editorials, letters, commentary, short survey,
and note. The search was refined to the English
language and we did not consider any time limitation.
Also we limited our search in human studies, but
we didn’t any limitation in “title/abstract”, due to
this logic that our desired results or outcomes might
have been considered a secondary aim of the studies.

Hand Searching

To increase the sensitivity and to select more
studies, the reference list of the related studies was
checked as well.

Selection Criteria

Studies identified from the literature search were
selected on the basis of the predefined selection
criteria presented below:

Inclusion criteria:

1. All observational studies (cross-sectional studies,
case—control studies, cohort studies)

2. Studies investigating the accuracy of RUSH
protocol in diagnosis or classification of any type
of shock.

3. Studies that investigate the RUSH protocol before
doing any treatment procedures for patients.

Exclusion Criteria

1. Conference papers, editorials,
commentary, short survey, and note

2. Animal studies

3. Laboratory studies

letters,

Data Extraction and Abstraction
EndNote software (Version 6) was used for
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database search (n=452)

(Pub Med: 53 Scopus: 355
ISI: 44)

Articles identified through electronic

A4

Articles screened by title
and abstract (n=397)

Accuracy of rapid ultrasound in shock protocol

Removed duplicates
articles (n=55)

v
Retrieved Full text
(n=102)

A4

Excluded non-relevant
articles (n=295)

Articles identified through
reference checking (n=0)

l

\4

Full text articles assessed
for eligibility (n=102)

Excluded full texts (n=97)
Non relevant papers: 63
Not appropriate article type:25

\4

Articles that had a differentpurpose:9

(0=5)

Studies included in the Systematic Review

Fig. 1. Literature search and flowchart for selection of primary study.

managing and handling extracted references that
were searched from databases. After include all
retrieved article into EndNote, Duplicates were
removed and entered into a duplicate library.Titles
and abstracts of papers were screened, and relevant
papers were selected. Then, full texts of relevant
papers were read, and findings were rescreened. Two
independent reviewers (RSN and MK) screened the
titles and abstracts of papers, which were identified
by the literature search, for their potential relevance
or assessed the full text for inclusion in the review.
In the case of disagreement, the discrepancy was
resolved in consultation with an expert investigator
(MM).Two reviewers (MK and RS) abstracted
the data independently. The required information
that were extracted from all eligible papers was as
follows: data on first author name, publish year,
location, title of study, characteristics of participants/
sample size, type of study, aim, cure before RUSH,
type of shock, result of RUSH compare with final
diagnosis, main findings of studies and effect size
(i.e.; RR, OR).

Study Selection Strategy

In the systematic search, 397 unique references
were identified (Figure 1). Of them, 295 were
excluded on the basis of the title and abstract. For
the remaining 102 articles, the full text was retrieved
and critically reviewed. After the selection process,
the review included 5 studies published from 2014
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to 2015.

Statistical Analysis

Our study analysis is planned in accordance with
the guidelines for meta—analysis of diagnostic
studies [6]. We combined the sensitivity, specificity,
likelihood ratios, and diagnostic odds ratio to estimate
the usefulness of the RUSH protocol in the diagnosis
or classification of any type of shock. To provide a
global diagnostic performance measure, area under
curve (AUC) for the summary receiver operating
characteristic (SROC) curves is reported [7]. The
AUC values for SROC curves, >0.97, 0.93-0.96, and
0.75-0.92 indicate excellent, very good, and good
diagnostic accuracy, respectively. [-square statistic
was used to assess the observed heterogeneity. The
I-square value greater than 50% was considered as
the indication of heterogeneous studies [8]. A Deeks’
funnel plot was employed to investigate publication
bias [9, 10]. Meta-Disk 1.4 [11] and the Midas module
[12] in Stata software (Version 13.0; Stata Corp.,
College Station, TX) were used for meta-analysis.

Results

The summary of characteristic of included studies is
presented in Table 1. In addition, we have included
information of two case report study that have been
report usefulness of RUSH protocol to diagnosis of
shock.Sensitivities and specificities reported from
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the studies ranged from 0.70 to 1.00 and 0.94 to
1.00, respectively. The pooled estimate of all data
showed that the RUSH protocol exhibited high
sensitivity (0.87, 95% C. I.: 0.80-0.92, 1’=46.7%)
and specificity (0.98, 95% C. I.: 0.96-0.99, I’=30.8%)).
The AUC for SROC, a global measure of the RUSH
protocol performance, was 0.98+0.01, indicates
the high accuracy of the test. Also, a graph of
SROC is shown in Figure 2. Positive and negative
likelihood ratios reported from the studies ranged
from 9.83 to 51.32 and 0.04 to 0.33, respectively.
The pooled estimate of all data showed that the
RUSH protocol exhibited high positive likelihood
ratio (19.19, 95% C. 1.: 11.49-32.06, 1>=14.1%) and low
negative likelihood ratio (0.23, 95% C. I.: 0.15-0.34,
1>=18.4%). The pooled estimate of the diagnostic
odds ratio was 210.49 (95% C. 1.: 94.83-467.23,
1>=0.00%). The detailed report of accuracy measures
of RUSH protocol among the several types of shock
is shown in the Table 2. Furthermore, we include all
validity criteria (diagnostic odds ratio, sensitivities,
specificities, positive and negative likelihood ratios
and SROC) for any types of shocks, separately, into
a supplementary file. The Deeks’ funnel plot, Figure
3, revealed a potential publication bias in our study
(p=0.03). Also, sensitivity analysis by omitting each
study from meta-analysis yielded similar accuracy
measures as the meta-analysis of all studies.

i .
°® Symmetric SROC
%)
.

With this information, diagnosis of pulmonary thromboembolism (PTE) causing obstructive shock was

considered.
By focusing on both the anatomy and the physiology, points of care ultrasound by intensivists may help

Pipes: Deep venous thrombosis screening was done (femoral vein in the femoral canal, popliteal vein in
in differentiating between various etiologies of hypotension in the unstable patient.

popliteal fossa) which was normal.
The relatively poor sensitivity of ultrasound findings necessitates other investigations to rule out the

Pump: Grossly enlarged right atrium and right ventricle with D shaped left ventricle.
diagnosis of PTE in critically ill patients.

McConnell’s sign was present.
Pulmonary artery was dilated with pulmonary artery systolic pressure 80 mm of Hg.

Left ventricular contractility was adequate.
There was no evidence of pericardial effusion or valvular dysfunction.

Tank: Inferior vena cava was full and non collapsing with respiration.

Screening of the aorta was also normal.

AUC = 0.9699
SE(AUC) = 0.0197

Q' =0.9196
SE(Q")= 00319

4
r
) ]

[ 02 04 06 08 1
1-specificity

Fig. 2. Summary receiver operating characteristic (SROC)
curves for accuracy of rapid ultrasound in shock.

Discussion

Several rapid protocols are increasingly available
in bedsides to provide related information to the
pathology and management of shocks states. The
advantages of the RUSH-protocol are its rapid
learning doing, the simple equipment required and
the possibility to be performed at the bedside, its

8 simplicity and a possible direct vision of volume. In
fg a study by Shahram Bagheri Hariri et al. in 2015,
- the Kappa correlation coefficient for comparing the

RUSH protocol and the final diagnosis was 0.84
s percent, indicating a high compliance rate of the
§ S protocol. In this study, the overall sensitivity of this
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Table 2. accuracy measures of RUSH protocol among the several types of shock

Sensitivity Specificity Positive LR Negative LR DOR AUC
All shock 0.87 (0.80-0.92) 0.98 (0.96-0.99) 19.19 (11.49-32.06)  0.23 (0.15-0.34)  210.49 (94.83-467.23) 0.98+0.01
1746.7% *°30.8% *14.1% 1*"18.4% 177:0.00%
Hypovolem- 1.00 (0.91-1.00) 0.94 (0.87-0.98)  9.83 (3.24-29.78) 0.04 (0.01-0.20)  250.54 (41.21-1523.4) 0.99+0.01
ic Shock 1270.00% 143.7% 163.7% 1770.00% 1270.00%
Cardiogenic  0.89 (0.73-0.97) 0.97 (0.92-0.99) 22.29 (7.92-62.77)  0.17(0.06-0.46)  209.77 (43.94-1001.5) 0.98+0.02
Shock 1270.00% *14.3% 1270.00% 1732.7% 0.00%
Obstructive  0.94 (0.73-1.00) 0.98(0.93-1.00)  33.07 (9.69-112.92)  0.08(0.02-.38) 476.42 (55.13-4114.8) NC
Shock 1°2.20% 1*70.00% 17°0.00% 170.00% 1°0.00%
Distributive ~ 0.73 (0.50-0.89)  1.00 (0.97-1.00)  51.32 (10.17-258.96) 0.31 (0.17-0.56)  170.36 (26.77-1083.7) 0.970.02
Shock 127:0.00% >°0.00% 17°:0.00% 1>°0.00% 17°:0.00%
Mixed Shock 0.70 (0.47-0.87) 0.99 (0.95-1.00)  40.49 (9.97-164.39)  0.33 (0.19-0.59)  130.95 (24.12-710.68) 0.99+0.03
1270.00% 12-0.00% 12-0.00% 12-0.00% 12-0.00%
NC: Not computable
Io shock state patients. As we observed in the present
o s // © analysis, the RUSH protocol is able to identify and
] Rt:gryession d distinguish all types of shock with a high sensitivity
_____ Line and specificity. Subgroup analysis according to the
Deeks' Funniel Plot Asymmetry Test & type of shock state was performed.
pvalue = 0.03 00
. o Hypovolemic Shock
A ® / This condition is commonly occurs as a result of
%ﬂ* / bleeding or severe fluid loss. The RUSH protocol is
i‘% // based on the hyper contractile and small chamber size

25— /

100 1000

Diagnostic Odds Ratio

Fig. 3. Deeks’ funnel plot for detecting publication bias.

method (for detection of shock type) is 88% and
its overall specificity is 96%. Also, in this study,
the type of shock 81% of patients were correctly
diagnosed using the RUSH protocol, but 19% of
patients were diagnosed as being mistaken [13]. In
another study in 2013, Kappa’s correlation coefficient
for comparison of the RUSH 0.7 protocol has been
calculated [14].

In this meta-analysis, 3 original researches and 2
case reports were analyzed to show overall efficacy
of RUSH protocol. Although the efficacy of RUSH
come from few studies, it has been rapidly integrated
into clinical practice as a form of the pathology
evaluation and management of shocks states.
Regarding the effectiveness of this protocol, the
meta-analysis or systematic reviews has not yet been
published.In our study, RUSH showed efficacy when
analyzing RCTs only, however, with the inclusion
of case reports, the same results were observed.
This finding is striking, as heterogeneous results
from RCTs and observational studies could be the
reason for detecting inconsistent effects of RUSH on

www.beat-journal.com

for hypovolemic shock detection. Pooled sensitivity
for the RUSH, 1.00 (0.91-1.00), was the stronger across
the hypovolemic etiology of shock compared to other
causes of shock. The pooled specificity 0.94 (0.87-
0.98), actually was strong and quite homogeneous
among studies. The pooled positive likelihood ratio
of 9.83 (3.24-29.78), however, indicated that the test
result is almost associated with a great likelihood
of hypovolemic shock. Pooled negative likelihood
ratio for RUSH, [0.04 (0.01-0.20)], actually were just
good among studies and there is much accuracy.
Overall, the evidence is strong enough on the use
of diagnostic RUSH protocol in hypovolemic shock
management.

Cardiogenic Shock

Cardiogenic shock is due to the pump failure
and the inability of the heart to propel the needed
oxygenated blood forward to vital organs. All studies
included in this meta-analysis indicate that pooled
sensitivity [0.89 (0.73-0.97)] and pooled specificity
[0.97 (0.92-0.99)] of RUSH for cardiogenic shock are
relatively high. The pooled positive likelihood ratio
of 22.29 (7.92-62.77), indicated that the test result
is associated with a great likelihood of cardiogenic
shock, however, the pooled—LR [0.17(0.06-0.46)]
support modestly in cardiogenic shock diagnosis.

Obstructive Shock

This type of shock is most commonly caused by
cardiac tamponade, tension pneumothorax, or large
pulmonary embolus. The pooled sensitivity [0.94
(0.73-1.00)] and pooled specificity [0.98(0.93-1.00)]
of RUSH for obstructive shock are dramatically high.
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The pooled positive likelihood ratio of 33.07 (9.69-
112.92) and pooled — LR [0.08(0.02-.38)] indicated that
the test result is associated with a great likelihood of
obstructive shock. Overall, the evidence is too strong
enough on the use of diagnostic RUSH protocol in
obstructive shock management.

Distributive Shock

Pathology of this condition is vascular system
vasodilation which to the point that the core vascular
blood volume is insufficient to maintained organ
perfusion. Examples of distributive shock include
sepsis, neurogenic shock, caused by a spinal cord
injury, and anaphylactic shock, a severe form of
allergic response. Pooled specificity [1.00 (0.97-1.00)]
and pooled +LR [51.32 (10.17-258.96)], in distributive
shock diagnosis were shown potent, however, this
potency was limited by pooled sensitivity [0.73
(0.50-0.89)] and — LR 90.31 (0.17-0.56)].

Mixed Shock
This condition is commonly occurs when shock

happened due to more than one pathology. Although
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