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Abstract
Background and purpose: Shock detection techniques have been used on

the basis of ultrasound technology. This study was thus conducted to
investigate accuracy of RUSH in early recognition of emergency
department patients.

Materials and Methods: During April 2016 to May 2017, we have
recorded all the patients with shock at the emergency department of
Shahid Mohammadi hospital and the samples were selected by simple
sampling method. Shock was classified into 4 groups: hypovolemic,
cardiogenic, distributive and obstructive. The Kappa index was used for
final diagnosis.

Results: The data for hypovolemic shock showed good sensitivity,

excellent agreement, specificity and accuracy and highest agreement
with final diagnoses were observed for this shock. Good sensitivity,
excellent specificity, accuracy and agreement were observed for

cardiogenic shock. The data for obstructive shock showed good
sensitivity and agreement, excellent specificity and accuracy. Moreover,

low agreement, excellent specificity, sensitivity and accuracy were seen

in distributive shock.
Conclusion: These results provided reliable information for clinicians to
make a fast and acceptably accurate recognition of the shock type in a
hypotensive

patient,

especially

hypovolemic shock types.

for

obstructive,

cardiogenic

or

Keywords: cardiogenic shock, hypovolemic shock, obstructive shock,
rapid ultrasound in shock

ISSN: 2626-3041

VOLUME 3 | NUMBER 1 | OCTOBER 2019

http://gmjpress.de
Email: info@gmjpress.de
Publisher: GMJ Medical Press, LLC, Germany

GMJ Medicine Publication Office, GMJ Medical Press, LLC, Frankfurt, Germany

Investigation of Accuracy of RUSH on Detection of Early Rapid Shock

Downloaded from gmjpress.de at 14:20 +0330 on Tuesday January 28th 2020

[ DOI: 10.29088/GMJM.2019.149 ]

150
64

Introduction

S

hock includes conditions that threatens life

diagnosis and continuous monitoring of patients in

cardiogenic, hypovolemic, distributive and
obstructive [1]. Some shocks such as accidents have

conduct a study for evaluation of accuracy of RUSH
in early recognition of emergency department

and is divided into four categories including

interested different individuals [2]. Since different

shocks need special treatments, it is needed to use

quick-detection techniques for recognition of shock
in the emergency department and critical care units
[2]. The detection of cause of shock is conducted by
using history of the patients and laboratory tests, but
there may be errors for accuracy of emergency tests

[3]. For several years, shock detection techniques

have been used on the basis of ultrasound

technology [4]. Abdominal and cardiac evaluation in
life support, rapid ultrasound in shock (RUSH),
critical care ultrasonography and echocardiography

guided life support are commonly used [5]. The use

of ultrasound in patients with undifferentiated
shock

helps

rapid

evaluation

and

early

in

undifferentiated hypotension [6]. Early and accuracy
recognition of shock can reduce mortality [7, 8]. The
RUSH is a novel emergency ultrasound protocol that
uses pulmonary assessment with cardiac, abdominal,

and venous evaluation [9-11]. The RUSH protocol
are consisted from three stages with different factors
including Tank, Pipe and Pump [5]. This technique
investigates Pump’s anatomy of the heart cavity,

mechanical stresses on it and the cardiac contractile
power and the obstructive condition of cardiac
output like cardiac tamponed and Massive
pulmonary emboli [12]. A study reported an
appropriate Kappa correlation coefficient by 0.84
for comparison of RUSH technique and final
diagnosis that show efficiency of the protocol. They

also reported sensitivity of 88% and specificity of

96%. In the study mentioned, recognition was
correctly conducted for 81% patients [13]. Other
study reported Kappa’s correlation coefficient of 0.7
for RUSH [14]. Previous studies have suggested
using protocol for better and faster diagnosis [9].
RUSH technique is one of protocols used for early

emergency departments [15, 11]. There was need to

patients. This study was thus conducted to
investigate accuracy of RUSH in early recognition of
emergency department patients.

Materials and methods
Patients
A case-control study was conducted in the

emergency department of Shahid Mohammadi
hospital for detecting accuracy of the RUSH

technique. All the procedures used were approved

by the ethics committee of Hormozgan University of
Medical Sciences.

Participants
During April 2016 to May 2017, we have recorded

all the patients with shock at the emergency
department of Shahid Mohammadi hospital and the
samples were selected by simple sampling method.
On the basis of the time of the patients’ arrival, the

emergency physicians or radiologist conducted the

sonography exams on the basis of the RUSH
procedure concurrent with ongoing care of each
patient.

Shock classification and rapid ultrasound in
shock protocol

In the current study shock was classified into 4
groups: hypovolemic, cardiogenic, distributive
(septic or neurogenic) and obstructive (due to
pneumothorax,

tamponade,

pulmonary

thromboembolic disease). Some patients showed a

combination of shocks and grouped as mixed type.
Some components are used in RUSH exam including
evaluation of inferior vena cava, thoracic and

abdominal compartments and large arteries and
veins. Pericardial effusion, cardiac tamponade,
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ascite, pleural effusion and pulmonary edema were
investigated.

Statistical Analysis
SPSS 20 software was used for analyzing the data.

We have evaluated the overall agreement of defined
shock types on the basis of RUSH results and final

diagnosis of patients via calculating the Kappa

index. Subgroup analysis and investigation of Kappa
index for results of the RUSH exam were used. The
Kappa agreement and reliability indices (sensitivity,
specificity, positive (PPV) and negative predictive
values (NPV) were used.

Results
Demographic and clinical characteristics
The results showed that mean of age was 64.04±9.2 years and the minimum and maximum of age was 45 and 86

years of age. Pulmonary and cardiac signs in patients studied are shown in Table 1. The results showed that out of

52 patients studied, pulmonary and cardiac signs were as follows; 21 patients with pericardial effusion (40.40%),
9 patients with cardiac tamponade (17.30%), 25 patients with ascite (48.10%),25 patients with ascite (48.10%),
25 patients with pleural effusion (48.10%) and 18 patients with pulmonary edema (34.60%).
Table 1. Pulmonary and cardiac signs in patients studied
Variable

Pericardial effusion

Cardiac tamponade

Ascite

Pleural effusion

Pulmonary edema

N

21

9

25

25

18

Total

52

52

52

52

52

40.40

17.30

48.10

48.10

34.60

Frequency %

Prevalence of different types of shock
The prevalence of different types of shock on the

accuracy

hospitalization is presented in Table 2. On the basis
the procedures, hypovolemic and cardiogenic shocks

shocks who were all observed on the basis of RUSH

basis

final

diagnosis

and

RUSH

during

had most frequent among types of shock.

The data for accuracy, sensitivity, specificity, PPV,

NPV and Kappa index of the protocol for type of
shock are shown in Table 3. The results for Kappa
index for general agreement between shock types

was defined by the RUSH protocol and final

and

highest

agreement

with

final

diagnoses were observed for this shock. We had 15
cases finally diagnosed as having hypovolemic
findings (88.20% sensitivity, and 100% PPV). In the

current study, among 17 diagnosed, 15 patients
were correctly diagnosed, 1 patient was diagnosed
in cardiogenic shock and 1 patient in mixed shock.

Cardiogenic shock

diagnosis was 0.85(P = 0.000) for all patients.

Good sensitivity, excellent specificity, accuracy and

Hypovolemic Shock

have

The data for hypovolemic shock showed good
sensitivity, excellent agreement, specificity and

agreement were observed for cardiogenic shock. We
correctly

distinguished

14

out

of

16

cardiogenic shock cases, indicating good sensitivity
(87.50%). Other patients were diagnosed as
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obstructive and mixed respectively. The results showed 87.50%, 97.30%, 94.20%, 93.30, 97.30 and
0.62 for sensitivity, specificity, accuracy, PPV, NPV and agreement respectively.

Table 2. Prevalence of different types of shock based on final clinical diagnosis and RUSH exam
Shock type based on final clinical diagnosis

Shock type based on RUSH
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Hypovolemic

Cardiogenic

Obstructive

Distributive

Total

Hypovolemic

15

0

0

0

15

Cardiogenic

1

14

0

0

15

Obstructive

0

1

8

0

9

Distributive

0

0

1

9

10

Mixed

1

1

0

1

3

Total

17

16

9

10

52

Obstructive Shock

The data for obstructive shock showed good sensitivity and agreement, excellent specificity and accuracy. We had
10 cases finally diagnosed as having obstructive shocks in which 9 patients were diagnosed as obstructive on the

basis of RUSH findings (96.20% accuracy, and 88.90% PPV). In the current study, other patient was diagnosed as
distributive. The results showed 88.90%, 97.70%, 96.20%, 88.90, 97.70 and 0.77 for sensitivity, specificity,
accuracy, PPV, NPV and agreement, respectively.

Distributive shock

Low agreement, excellent specificity, sensitivity and accuracy were seen in distributive shock. We have found 10
patients with distributive shocks with the early RUSH exam that 9 patients belonged to this shock, showing good
sensitivity. The results showed 90.00%, 97.70%, 96.20%, 90.00, 97.70 and 0.47 for sensitivity, specificity,
accuracy, PPV, NPV and agreement, respectively.

Table 3. Reliability indices and Kappa agreement of the rapid ultrasound in shock exam for each individual shock subtype
Hypovolemic

Cardiogenic

Obstructive

Distributive

Sensitivity

88.20

87.50

88.90

90.00

Specificity

100.00

97.30

97.70

97.70

Accuracy

96.20

94.20

96.20

96.20

PPV

100.00

93.30

88.90

90.00

NPV

94.60

97.30

97.70

97.70

0.98 (0.000)

0.62 (0.038)

0.77 (0.000)

0.47 (0.042)

Kappa (p)

PPV, positive predictive value of RUSH criteria to determine each type of shock; NPV, negative predictive value of

RUSH criteria to determine each shock type; Kappa, index of agreement between diagnosis of shock type based
on RUSH criteria and final diagnosis.
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Discussion
Shock includes conditions that threatens life and is

failure and the inappropriate ability of the heart for

hypovolemic, distributive and obstructive [1]. Since

organs. The results showed 87.50%, 97.30%,

divided into four categories including cardiogenic,
different shocks need special treatments, it is needed

to use quick-detection techniques for recognition of
shock in the emergency department and critical care
units [2]. The results showed an acceptable
appropriate agreement between the results obtained

and final clinical diagnosis of patients (Kappa=0.85).

Some fast protocols are increasingly in access for
providing associated information to the pathology

and management of shocks condition. The RUSH
protocol has advantages including learning doing,

moving the needed oxygenated blood toward vital
94.20%, 93.30, 97.30 and 0.62 for sensitivity,

specificity, accuracy, PPV, NPV and agreement,
respectively. Our findings confirm effectiveness of

use of diagnostic RUSH technique in cardiogenic
shock management is appropriate. Obstructive

shock is most commonly induced through cardiac

tamponade,
tension
pneumothorax,
or
largepulmonary embolus [12]. The results showed
88.90%, 97.70%, 96.20%, 88.90, 97.70 and 0.77 for
sensitivity, specificity, accuracy, PPV, NPV and

the simple equipment needed, simplicity and a
possible direct vision of volume. A study reported

agreement, respectively. Overall, the results confirm
effectiveness of use of diagnostic RUSH technique in

similar multi-organ sonography assessment of
emergency patients [16]. Bagheri Hariri et al. [17]

Distributive shock is most commonly induced by
vascular system vasodilation in point that the core

similar agreement for their study that focused on a

reported Kappa correlation coefficient for
comparison of the RUSH technique and the final

diagnosis by 0.84% that shows a high compliance

rate of the protocol. Another study reported Kappa’s
correlation coefficient for comparison of the RUSH
by 0.85 [12].

The results show that use of RUSH is appropriate

option for early recognition in patients with shock.

The RUSH technique is reliable for hypovolemic,
cardiogenic or obstructive subtypes (NPV>0.94).
These results show that therapeutic approaches used
for

treatment

have

appropriate

effectiveness,

especially for final outcome obtained. Hypovolemic

shock is usually occurs due to bleeding or severe
fluid loss [12]. The RUSH technique is on the basis of
the hyper contractile and small chamber size for
diagnosis of hypovolemic shock. The results showed
88.20%, 100.00%, 96.20%, 100.00, 94.60 and 0.98
for sensitivity, specificity, accuracy, PPV, NPV and
agreement, respectively. In summary, the results

showed the use of diagnostic RUSH technique in
hypovolemic shock management is appropriate.
Cardiogenic shock is usually occurs due to pump

obstructive shock management is appropriate.

vascular blood volume is insufficient for
maintaining organ perfusion [12]. This shock
usually

occurs

following

inflammation.

Inflammatory response to infection increases by
systemic inflammatory response syndrome (SIRS),
severe sepsis and septic shock steps. The results

showed 90.00%, 97.70%, 96.20%, 90.00, 97.70 and
0.47 for sensitivity, specificity, accuracy, PPV, NPV
and agreement, respectively. In summary, the results

showed the use of diagnostic RUSH technique in
distributive shock management is appropriate.

Conclusion

In summary, the results obtained for RUSH provided
reliable information for clinicians to make a fast and
acceptably accurate recognition of the shock type in
a hypotensive patient, especially for obstructive,
cardiogenic or hypovolemic shock types.
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