
The RUSH Exam:
Bedside Ultrasound in 

Resuscitation and Shock
Justin Davis, MD, MPH, RDMS

Kaiser Permanente Oakland Medical Center



Intro Case

• 80 year old woman

• Hx: Grandma’s not herself today

• General: Moaning

• BP= 60/40, HR=110, T=99, RR=22, SaO2=94%

• Exam: otherwise non-focal



Outline
What We’ll Cover

• Why use ultrasound in shock and 
resuscitation?

• Literature and Protocols

• Recommended RUSH Protocol

• Cases



What we won’t cover

• Techniques of the incorporated exams

• Extensive literature



Why?

• Physical exam is inaccurate

• X-rays and CTs are slow or impossible

• Treatments for shock vary by etiology

• Literature supports it

• You don’t have time for trial and error



The Literature
A Decade of Acronyms
• UHP protocol: Rose JS et al,  Am J Emerg Med 2001

• Trinity Protocol:  Bahner D,  JDMS 2002

• RCT of ultrasound in hypotension: Jones AE et al, Crit Care Med 2004 

• FATE: Focused Assessed Transthoracic Echocardiography: Jensen et al, Eur J Anaesthesiol 2004

• FLASH: Emergency Department Assessment Evolution: Simon and Price, Emerg Med Crit Car 2006

• FEER: Focused Echocardiographic Evaluation in Resuscitation: Breitkreutz et al, Crit Care Med 2007

• CAUSE: Cardiac Arrest Ultrasound Exam: Hernandez et al, Resuscitation 2008

• RUSH: Rapid Ultrasound in Shock and Hypotension: Weingart et al, emCrit.org 2008,

• ACES: Abdominal and Cardiac Evaluation with Sonography in Shock : Atkinson et al, Emerg Med J 2009

• RUSH: Rapid Ultrasound in SHock: Perera P et al, Emerg Med Clin N Am 2010
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1. Heart
(LV function and large effusion)

2. Morison’s Pouch
(Free Fluid)

3. Aorta
(AAA)

The UHP Ultrasound Protocol: A Novel 
Ultrasound Approach to the Empiric Evaluation 

of the Undifferentiated Hypotensive Patient 

JOHN S. ROSE, MD,* AARON E. BAIR, MD,* DIKU MANDAVIA, MD, t 
AND DONNA J. KINSER, MD* 

This report describes a novel sonographic protocol for the evaluation of 
the undifferentiated hypotensive patient. This protocol combines com- 
ponents of 3 sonographic applications: free fluid, cardiac, and abdomi- 
nal aorta into a single protocol. We believe this protocol and its under- 
lying principles should be a routine part of the empiric evaluation of the 
patient with undifferentiated hypotension or pulseless electrical activity. 
(Am J Emerg Med 2001;19:299-302. Copyright © 2001 by W.B. Saunders 
Company) 

Many critical conditions in emergency medicine involve 

the use of empiric protocols or techniques to facilitate the 

detection of reversible and time-dependent conditions. Car- 

ing for a patient with an unknown cause of hypotension can 

be one of the most challenging situations in emergency 

medicine. We describe the use of novel focused, goal- 

directed ultrasound protocol as a part of the empiric evalu- 

ation of the patient with hypotension of uncertain origin. We 

have termed this sonographic evaluation the undifferenti- 

ated hypotensive patient (UHP) ultrasound protocol. The 

UHP protocol uses components of 3 accepted emergency 

department (ED) ultrasound applications: free fluid evalua- 

tion, qualitative cardiac evaluation, and abdominal aorta 

evaluation. The rationale for the UHP protocol is to facili- 

tate the rapid and systematic evaluation of reversible causes 

of hypotension when the clinical history is limited or un- 

known. We describe 3 actual cases where the UHP protocol 

was pivotal in the emergency evaluation of an undifferen- 

tiated hypotensive patient. A description and discussion of 

the protocol follow the case presentations. We believe this 

sonographic approach to be an important addition to the role 

of emergency ultrasound for the practicing emergency phy- 

sician. 

CASE 1 

A 70-year old woman is brought to the ED for evaluation 

of syncope after being found on the floor by family mem- 
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bets. The patient had complained earlier in the evening of a 

"stomach ache" and gone to bed early. Family members 

remarked to the paramedics that they heard a crash in the 

woman's room and immediately went to investigate where 

she was found on the floor. At the time of arrival in the ED 

her blood pressure was 80/palpation, heart rate of 120 

beats/min, respiratory rate of 30 breaths/min. Her pulse 

oximetry was 100% on high flow oxygen. The only past 

medical history available was hypotension for which she 

took a single unknown prescription medication. On exami- 

nation she was mumbling and disoriented. There was no 

gross evidence of trauma. Her chest was clear to ausculta- 

tion and her heart is regular without murmurs. Her abdomen 

was obese and soft without apparent masses. Mild tender- 

ness, without peritoneal signs, was noted in the midepigas- 

trium. Initial standard resuscitative measures included crys- 

talloid infusion. An electrocardiogram (ECG) was obtained 

and was normal. While awaiting the return of the portable 

chest x-ray machine, the UHP ultrasound protocol was 

performed as a routine component of her hypotension eval- 

uation. The hepatorenal interface view showed grossly nor- 

mal anatomy without evidence of free intraperitoneal fluid. 

The cardiac view revealed normal cardiac activity without 

pericardial effusion. Evaluation of the aorta revealed a 

6-centimeter aneurysm with associated intraluminal clot. 

The vascular surgeon on call was immediately notified and 

the patient was taken directly to the operating room where 

her aorta was successfully repaired. The total time in the ED 

was less than 20 minutes. 

CASE 2 

A 40-year old woman with a significant prior history of 

systemic lupus erythematosus (SLE) and recurrent pulmo- 

nary embolus arrived in the ED with the chief complaint of 

shortness of breath. She stated that her symptoms had been 

progressive over the past several days and associated with a 

mild diffuse chest "tightness." Her review of systems was 

notable for an absence of fever, peripheral edema, and 

cough. On initial examination she was speaking in full 

sentences and had normal vital signs including a room air 

oxygen saturation of 99%. Her chest was clear and her heart 

regular in rate and rhythm. A chest radiograph revealed mild 

cardiomegaly and clear lung fields. Her ECG was within 

normal limits with the exception of questionably low volt- 

age. She had a precipitous drop in her blood pressure and on 

re-evaluation was in obvious distress. She was cool and 

diaphoretic complaining of shortness of breath. Although 

the initial impression was a recurrent pulmonary embolism, 

the UHP protocol was performed as part of the evaluation of 
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1. Heart
(LV fxn, RV size, effusion, tamponade)

2. Morison’s Pouch
(Free Fluid)

3. Aorta
(AAA)

4. IVC
(Collapse with Inspiration)

Randomized, controlled trial of immediate versus delayed
goal-directed ultrasound to identify the cause of nontraumatic
hypotension in emergency department patients*

Alan E. Jones, MD; Vivek S. Tayal, MD; D. Matthew Sullivan, MD; Jeffrey A. Kline, MD

Prior research has suggested
that emergency department
(ED) patients with symptom-
atic hypotension in the ab-

sence of trauma have a high mortality
rate. Jones et al. (1) found that symptom-
atic patients with a systolic blood pres-
sure !100 mm Hg measured during am-
bulance transport had an in-hospital
mortality rate of 25%. Moore et al. (2)
found an 18% in-hospital mortality rate
in 50 consecutive ED patients presenting
with nontraumatic, symptomatic hypo-
tension. In the latter study, emergency
physicians accurately determined final

etiology of hypotension in only 24% of
patients (2).

Ultrasound has emerged as a useful
diagnostic tool for a variety of emergent
situations, and both its availability and
incorporation into emergency medicine
practice are increasing (3). The diag-
nostic utility of ultrasound in patients
with nontraumatic, undifferentiated
hypotension has not been systemati-
cally evaluated. The hypothesis of the
present study was that the results of an
emergency physician performed, goal-
directed ultrasound protocol would sig-
nificantly narrow the number of poten-
tial viable diagnoses of patients with
nontraumatic, symptomatic, undiffer-
entiated hypotension and would signif-
icantly improve physician accuracy in
identifying the correct diagnosis of
nontraumatic, symptomatic, undiffer-
entiated hypotension.

MATERIALS AND METHODS

Patients were enrolled from July 2002
through September 2003 in the ED at Carolinas
Medical Center, an urban 800-bed teaching hos-

pital with "100,000 patient visits per year. Ex-
plicit criteria for enrollment included the follow-
ing: a) age "17 yrs; b) written agreement of two
independent physician observers on the pres-
ence of the first measured vital signs consistent
with shock (systolic blood pressure !100 mm
Hg or shock index (pulse rate/systolic blood
pressure) "1.0); and c) a minimum of both one
sign and one symptom listed in Table 1, re-
corded by each observer independently and
blinded to the other observers’ observations. Ex-
clusions included a) either observer found no
symptom or sign in Table 1; b) history of “low
blood pressure” reported by the patient or dis-
covered from chart review; c) cardiopulmonary
resuscitation, defibrillation, or advanced cardiac
life support medications before enrollment; d)
history of significant trauma to the chest or
abdomen in the previous 24 hrs; e) a 12-lead
electrocardiogram diagnostic of acute myocar-
dial infarction; f) presence of an obvious cause of
shock that would mandate immediate specific
treatment (active gastrointestinal bleeding,
known drug overdose, external hemorrhage); g)
referral from another hospital with a known
diagnosis; h) development of signs and symp-
toms of shock in the ED after the results of
diagnostic testing (radiographic imaging and
laboratory results) were known to the treating

*See also p. 1798.
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Objective: We examined a physician-performed, goal-directed
ultrasound protocol for the emergency department management
of nontraumatic, symptomatic, undifferentiated hypotension.

Design: Randomized, controlled trial of immediate vs. delayed
ultrasound.

Setting: Urban, tertiary emergency department, census >100,000.
Patients: Nontrauma emergency department patients, aged

>17 yrs, and initial emergency department vital signs consistent
with shock (systolic blood pressure <100 mm Hg or shock index
>1.0), and agreement of two independent observers for at least
one sign and symptom of inadequate tissue perfusion.

Interventions: Group 1 (immediate ultrasound) received standard
care plus goal-directed ultrasound at time 0. Group 2 (delayed
ultrasound) received standard care for 15 mins and goal-directed
ultrasound with standard care between 15 and 30 mins after time 0.

Measurements and Main Results: Outcomes included the number of

viable physician diagnoses at 15 mins and the rank of their likelihood of
occurrence at both 15 and 30 mins. One hundred eighty-four patients
were included. Group 1 (n ! 88) had a smaller median number of viable
diagnoses at 15 mins (median ! 4) than did group 2 (n ! 96, median
! 9, Mann-Whitney U test, p < .0001). Physicians indicated the correct
final diagnosis as most likely among their viable diagnosis list at 15 mins
in 80% (95% confidence interval, 70–87%) of group 1 subjects vs.
50% (95% confidence interval, 40–60%) in group 2, difference of 30%
(95% confidence interval, 16–42%).

Conclusions: Incorporation of a goal-directed ultrasound pro-
tocol in the evaluation of nontraumatic, symptomatic, undifferen-
tiated hypotension in adult patients results in fewer viable diag-
nostic etiologies and a more accurate physician impression of
final diagnosis. (Crit Care Med 2004; 32:1703–1708)

KEY WORDS: hypotension; shock; ultrasound; diagnosis; mortal-
ity; clinical trial
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Randomized to:

1. Immediate vs. 15-min delayed ultrasound

2. Fill out DDx sheet at 15 & 30 minutes

Randomized, controlled trial of immediate versus delayed
goal-directed ultrasound to identify the cause of nontraumatic
hypotension in emergency department patients*

Alan E. Jones, MD; Vivek S. Tayal, MD; D. Matthew Sullivan, MD; Jeffrey A. Kline, MD

Prior research has suggested
that emergency department
(ED) patients with symptom-
atic hypotension in the ab-

sence of trauma have a high mortality
rate. Jones et al. (1) found that symptom-
atic patients with a systolic blood pres-
sure !100 mm Hg measured during am-
bulance transport had an in-hospital
mortality rate of 25%. Moore et al. (2)
found an 18% in-hospital mortality rate
in 50 consecutive ED patients presenting
with nontraumatic, symptomatic hypo-
tension. In the latter study, emergency
physicians accurately determined final

etiology of hypotension in only 24% of
patients (2).

Ultrasound has emerged as a useful
diagnostic tool for a variety of emergent
situations, and both its availability and
incorporation into emergency medicine
practice are increasing (3). The diag-
nostic utility of ultrasound in patients
with nontraumatic, undifferentiated
hypotension has not been systemati-
cally evaluated. The hypothesis of the
present study was that the results of an
emergency physician performed, goal-
directed ultrasound protocol would sig-
nificantly narrow the number of poten-
tial viable diagnoses of patients with
nontraumatic, symptomatic, undiffer-
entiated hypotension and would signif-
icantly improve physician accuracy in
identifying the correct diagnosis of
nontraumatic, symptomatic, undiffer-
entiated hypotension.

MATERIALS AND METHODS

Patients were enrolled from July 2002
through September 2003 in the ED at Carolinas
Medical Center, an urban 800-bed teaching hos-

pital with "100,000 patient visits per year. Ex-
plicit criteria for enrollment included the follow-
ing: a) age "17 yrs; b) written agreement of two
independent physician observers on the pres-
ence of the first measured vital signs consistent
with shock (systolic blood pressure !100 mm
Hg or shock index (pulse rate/systolic blood
pressure) "1.0); and c) a minimum of both one
sign and one symptom listed in Table 1, re-
corded by each observer independently and
blinded to the other observers’ observations. Ex-
clusions included a) either observer found no
symptom or sign in Table 1; b) history of “low
blood pressure” reported by the patient or dis-
covered from chart review; c) cardiopulmonary
resuscitation, defibrillation, or advanced cardiac
life support medications before enrollment; d)
history of significant trauma to the chest or
abdomen in the previous 24 hrs; e) a 12-lead
electrocardiogram diagnostic of acute myocar-
dial infarction; f) presence of an obvious cause of
shock that would mandate immediate specific
treatment (active gastrointestinal bleeding,
known drug overdose, external hemorrhage); g)
referral from another hospital with a known
diagnosis; h) development of signs and symp-
toms of shock in the ED after the results of
diagnostic testing (radiographic imaging and
laboratory results) were known to the treating
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Objective: We examined a physician-performed, goal-directed
ultrasound protocol for the emergency department management
of nontraumatic, symptomatic, undifferentiated hypotension.

Design: Randomized, controlled trial of immediate vs. delayed
ultrasound.

Setting: Urban, tertiary emergency department, census >100,000.
Patients: Nontrauma emergency department patients, aged

>17 yrs, and initial emergency department vital signs consistent
with shock (systolic blood pressure <100 mm Hg or shock index
>1.0), and agreement of two independent observers for at least
one sign and symptom of inadequate tissue perfusion.

Interventions: Group 1 (immediate ultrasound) received standard
care plus goal-directed ultrasound at time 0. Group 2 (delayed
ultrasound) received standard care for 15 mins and goal-directed
ultrasound with standard care between 15 and 30 mins after time 0.

Measurements and Main Results: Outcomes included the number of

viable physician diagnoses at 15 mins and the rank of their likelihood of
occurrence at both 15 and 30 mins. One hundred eighty-four patients
were included. Group 1 (n ! 88) had a smaller median number of viable
diagnoses at 15 mins (median ! 4) than did group 2 (n ! 96, median
! 9, Mann-Whitney U test, p < .0001). Physicians indicated the correct
final diagnosis as most likely among their viable diagnosis list at 15 mins
in 80% (95% confidence interval, 70–87%) of group 1 subjects vs.
50% (95% confidence interval, 40–60%) in group 2, difference of 30%
(95% confidence interval, 16–42%).

Conclusions: Incorporation of a goal-directed ultrasound pro-
tocol in the evaluation of nontraumatic, symptomatic, undifferen-
tiated hypotension in adult patients results in fewer viable diag-
nostic etiologies and a more accurate physician impression of
final diagnosis. (Crit Care Med 2004; 32:1703–1708)

KEY WORDS: hypotension; shock; ultrasound; diagnosis; mortal-
ity; clinical trial
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Immediate Ultrasound Group

1. Fewer items on differential (4 vs 8)

2. More likely to have correct Dx (80% vs 50%)

Randomized, controlled trial of immediate versus delayed
goal-directed ultrasound to identify the cause of nontraumatic
hypotension in emergency department patients*

Alan E. Jones, MD; Vivek S. Tayal, MD; D. Matthew Sullivan, MD; Jeffrey A. Kline, MD

Prior research has suggested
that emergency department
(ED) patients with symptom-
atic hypotension in the ab-

sence of trauma have a high mortality
rate. Jones et al. (1) found that symptom-
atic patients with a systolic blood pres-
sure !100 mm Hg measured during am-
bulance transport had an in-hospital
mortality rate of 25%. Moore et al. (2)
found an 18% in-hospital mortality rate
in 50 consecutive ED patients presenting
with nontraumatic, symptomatic hypo-
tension. In the latter study, emergency
physicians accurately determined final

etiology of hypotension in only 24% of
patients (2).

Ultrasound has emerged as a useful
diagnostic tool for a variety of emergent
situations, and both its availability and
incorporation into emergency medicine
practice are increasing (3). The diag-
nostic utility of ultrasound in patients
with nontraumatic, undifferentiated
hypotension has not been systemati-
cally evaluated. The hypothesis of the
present study was that the results of an
emergency physician performed, goal-
directed ultrasound protocol would sig-
nificantly narrow the number of poten-
tial viable diagnoses of patients with
nontraumatic, symptomatic, undiffer-
entiated hypotension and would signif-
icantly improve physician accuracy in
identifying the correct diagnosis of
nontraumatic, symptomatic, undiffer-
entiated hypotension.

MATERIALS AND METHODS

Patients were enrolled from July 2002
through September 2003 in the ED at Carolinas
Medical Center, an urban 800-bed teaching hos-

pital with "100,000 patient visits per year. Ex-
plicit criteria for enrollment included the follow-
ing: a) age "17 yrs; b) written agreement of two
independent physician observers on the pres-
ence of the first measured vital signs consistent
with shock (systolic blood pressure !100 mm
Hg or shock index (pulse rate/systolic blood
pressure) "1.0); and c) a minimum of both one
sign and one symptom listed in Table 1, re-
corded by each observer independently and
blinded to the other observers’ observations. Ex-
clusions included a) either observer found no
symptom or sign in Table 1; b) history of “low
blood pressure” reported by the patient or dis-
covered from chart review; c) cardiopulmonary
resuscitation, defibrillation, or advanced cardiac
life support medications before enrollment; d)
history of significant trauma to the chest or
abdomen in the previous 24 hrs; e) a 12-lead
electrocardiogram diagnostic of acute myocar-
dial infarction; f) presence of an obvious cause of
shock that would mandate immediate specific
treatment (active gastrointestinal bleeding,
known drug overdose, external hemorrhage); g)
referral from another hospital with a known
diagnosis; h) development of signs and symp-
toms of shock in the ED after the results of
diagnostic testing (radiographic imaging and
laboratory results) were known to the treating
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Objective: We examined a physician-performed, goal-directed
ultrasound protocol for the emergency department management
of nontraumatic, symptomatic, undifferentiated hypotension.

Design: Randomized, controlled trial of immediate vs. delayed
ultrasound.

Setting: Urban, tertiary emergency department, census >100,000.
Patients: Nontrauma emergency department patients, aged

>17 yrs, and initial emergency department vital signs consistent
with shock (systolic blood pressure <100 mm Hg or shock index
>1.0), and agreement of two independent observers for at least
one sign and symptom of inadequate tissue perfusion.

Interventions: Group 1 (immediate ultrasound) received standard
care plus goal-directed ultrasound at time 0. Group 2 (delayed
ultrasound) received standard care for 15 mins and goal-directed
ultrasound with standard care between 15 and 30 mins after time 0.

Measurements and Main Results: Outcomes included the number of

viable physician diagnoses at 15 mins and the rank of their likelihood of
occurrence at both 15 and 30 mins. One hundred eighty-four patients
were included. Group 1 (n ! 88) had a smaller median number of viable
diagnoses at 15 mins (median ! 4) than did group 2 (n ! 96, median
! 9, Mann-Whitney U test, p < .0001). Physicians indicated the correct
final diagnosis as most likely among their viable diagnosis list at 15 mins
in 80% (95% confidence interval, 70–87%) of group 1 subjects vs.
50% (95% confidence interval, 40–60%) in group 2, difference of 30%
(95% confidence interval, 16–42%).

Conclusions: Incorporation of a goal-directed ultrasound pro-
tocol in the evaluation of nontraumatic, symptomatic, undifferen-
tiated hypotension in adult patients results in fewer viable diag-
nostic etiologies and a more accurate physician impression of
final diagnosis. (Crit Care Med 2004; 32:1703–1708)
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At 15 minutes into resuscitation:



• H eart

• I VC

• M orison’s

• A orta

• P neumothorax
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RUSH Exam #2
The RUSH Exam: Rapid Ultrasound in 

SHock in the Evaluation of the Critically Ill
 Perera, Mailhot, Riley, Mandavia 2010

LV Function
Effusion

Tamponade
RV Dilation

IVC
Morison’s

PTX
Pulm Edema

AAA
Dissection

DVT

PumpTank Pipes



Application

• Any Hypotensive patient

• Any PEA arrest (extreme hypotension)


