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How can we deploy ultrasound so that it does not 
become “the next PA catheter”

• Ultrasound has great intuitive appeal with immediate visual 
information available.

• Where, when and how to use ultrasound all key elements in 
the successful deployment of this technology

• Essential to know what questions to answer rather than 
simply scanning and creating extra/un-needed knowledge.



Resuscitation of shock
What do we know without ultrasound?

• We now know a good deal thanks to some excellent recent 
large studies of protocolized resuscitation and many smaller 
physiology studies 

• First therapy in shock is intravenous volume expansion



JAMA. 2016 Sep 27;316(12):1298-1309. doi: 10.1001/jama.2016.12310.

Will This Hemodynamically Unstable Patient Respond to a Bolus of Intravenous
Fluids?

Bentzer P et al

A patient with a CVP < 8mmHg will increase cardiac output to further 
intravenous fluid expansion. 
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100% of patients achieve a CVP > 8 with 60cc/kg 
intravenous volume expansion in the first 10 hours of 
care.



First potential role for POCUS in shock

• In the patient with cardiovascular failure despite 60cc/kg 
fluids (and a CVP > 8mmg)

• Decision point: Is the patient apneic or are they breathing 
spontaneously?

• In apneic patients POCUS is an excellent “one stop shop”.



If they end up intubated, apneic with controlled ventilation 
imaging of the IVC is easily mastered

IVC expansion during inspiration >12% predicts an increase in 
Cardiac output to 5-10cc/kg fluids.

Positive pressure 
respiration



What do we expect to find when 
performing this study?



Improvement in survival appeared to be most related 
to protection from AKI



If we try to determine volume by Ultrasound can we 
predict volume responsiveness in spontaneously 

breathing patients?

QUIET Spontaneous 
respiration

IVC < 2.1 and > 50% 
collapse = CVP < 5

IVC >2.1 and visible (15%) 
collapse = CVP 8

IVC > 2.1 and no collapse 
= CVP >12



HOWEVER…Patients in shock are generally not quietly 
breathing unless intubated and sedated!

Anesthesiology. 2016 Jun;124(6):1338-46. doi: 10.1097/ALN.0000000000001096.

Influence of Diaphragmatic Motion on Inferior Vena Cava Diameter Respiratory
Variations in Healthy Volunteers.

Gignon L(1), Roger C, Bastide S, Alonso S, Zieleskiewicz L, Quintard H, Zoric L, 
Bobbia X, Raux M, Leone M, Lefrant JY, Muller L.



JAMA. 2016 Sep 27;316(12):1298-1309. doi: 10.1001/jama.2016.12310.

Will This Hemodynamically Unstable Patient Respond to a Bolus of 
Intravenous
Fluids?

Bentzer P et al

• Passive Leg Raising is an excellent test for fluid responsiveness (the strongest Likelihood 
ratio of any maneuver). 

• In patients not on vasopressors the “readout” is an increase in blood pressure (approx
5-10mmHg).

• Patients on vasopressors do not generally increase their blood pressure to PLR, rather 
we must measure cardiac output. This is the second opportunity for Cardiac U/S in the 
resuscitation process.

• The aortic blood flow using an apical view is highly reproducible in EXPERT 
hands…highly non-reproducible in non expert hands!



If I am not yet confident in cardiac ultrasound how else can I 
measure Stroke volume?

• Arterial pulse wave analysis (PICCO and others). Excellent for 
operative patients and reasonably good for pure cardiogenic shock. 
Very poor ROC for mixed shock if placed in radial artery (area about 
.5 or flip of a coin). Promising if used in a more central (eg femoral) 
artery less affected by vasodilation.

• PA catheter with thermodilution. Associated with small morbidity 
at insertion and greater morbidity due to aggressive therapy to 
“normalize” cardiac indices. Detection limit is 22% (one needs a 
change of 22%1 in CO to detect a true difference with this method 
so while good for identifying severe cardiac failure, titrating therapy 
is clearly not useful).

• Stetz CW, Miller RG, Kelly GE, Raffin TA: Reliability of the thermodilution method in the determination of cardiac output in clinical practice. Am Rev 
Respir Dis 1982, 126(6):1001-1004.



Methods to estimate Cardiac output continued

• Global ejection fraction (inject cold saline or dye tracer in RA 
with arterial sensor – like a PICCO+). Less robust than PA 
catheter (Trepte CCM 2011).



Summary of where I think Ultrasound is best 
deployed in resuscitation

• Realize of 100 patients in undifferentiated shock at presentation to the 
ED only 50 will require pressors.

• Perform Bedside U/S in patients who have received 60cc/kg IV fluid and 
who remain in shock. First choice due to sensitivity and precision for 
diagnosing acute cardiac failure and to gauge fluid responsiveness via 

DIVC in apneic patients 

• PLR is best choice (following BP) in spontaneously breathing patients 
not on pressors

• For spontaneusly breathing patients on pressors PLR following aortic 
blood flow is a good choice for expert users, while a PICCO type device 
placed in a large artery is an alternative to gauge fluid response.  


