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Advanced echo in shock states



Outline

• The paradigm of perfusion and congestion 

• Left and right heart perfusion by Doppler

•Concept of fluid tolerance

• Take home messages 
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Shock is a continuum

Bellumkonda L. et al. Am J Card 2018



55 years old male → Referred from another center

• Fever, raised inflammatory markers 

• Warm, sweaty

• BE -8 and Lactate 6 mmol/L

• SpO2 88% on O2 15 L/min

• BP 75/45 mmHg

• Troponin mildly raised  
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EF is not invalidated in haemodynamically unstable patients

Limitations

Dependent on LV end-diastolic volume (too big or too small)

Geometric assumptions

Affected by tachycardia

LV systolic function
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Dependent on loading conditions (preload, afterload)

Overestimating in MR and intrventricular shunt

Low reproducibility

Low sensitivity in detecting subtle LV systolic impairament



Good EF and in Cardiogenic Shock Low EF and stable haemodynamics
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Why EF can be misleading in shock?



SV 27 ml
CO 2.9 L/min
CI 1.46 L/min/m2

LVOT VTI (Velocity Time Integral)

Normal values:

• LVOT diameter = 1.8-2.2 cm 

• LVOT VTI (dynamic) = 18-22 cm
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Dynamic

• SAM: severe hypovolaemia, HCM

• Hyperdynamic basal segments: Takotsubo cardiomyopathy or anterior 
MI with hyperdynamic basal segments 

Why?

• LVOT shape is distorted and no longer a cylinder

• High velocity flow across the LVOT (not linear) → aliasing on PWD

Pitfalls LVOT obstruction

@EchoSoliman



Predisposing factors: Tachycardia, hypovolemia, sepsis, severe anemia, 
inotropes, mitral valve surgery, LVH, small LV cavity

Dynamic LVOT Obstruction
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Dynamic LVOT Obstruction
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• LVOT VTI 20 cm in a patient with sepsis is not normal

• LVOT VTI 20 cm in moderate to severe AR is not normal

• LVOT 14 cm could be normal in patient with large LVOT diameter  

• LVOT VTI could be from LVF or RVF or both!

Clinical context is the key factorVTI is just a number!
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Total Isovolumetric Time (t-IVT)

t-IVT  = 60 - (t-FT + t-ET)

Normal < 12 s/min



“In patients with dilated cardiomyopathy, t-IVT has a strong inverse 

relationship with cardiac output during dobutamine stress and is the 

major determinant of cardiac output”

Duncan A et al, JACC Vol. 41, No. 1, 2003 @EchoSoliman



Post redo CABG: Echo-guided pacing optimisation

CO 2.6 L/min
tIVT 16 s/min

CO 3.2 L/min
tIVT 13.9 s/min

ET

ET FT

FT

a b

c d



RVOT (PWD)

Valuable insights into RV function, PVR and ventriculo-arterial coupling
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mPAP = 90 – (0.65 x AT) 

Debastani, 1987
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Before pulmonary vasodilator After pulmonary vasodilator
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RVOT

Lopez-Candales 2012@EchoSoliman



RVOT

PA compliance

RV performance
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Takahama et al, JACC Imaging, 2017@EchoSoliman



• Pre-systolic A wave (antegrade PA flow)
• Frequently seen in critically ill
• Can persist even after normalisation of PVR 
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Impella CP and V-A ECMO (ECPELLA)
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MR and worsening oxygenation 
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Heart-lung interactions

Marik et al. Annals of Intensive Care 2011 @EchoSoliman



PEEP 8 → 12 cmH2O

Hypoxaemia
Hypercapnoea

72 y/o, pneumonia, ARDS
Profound shock on increasing PEEP
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72 y/o, pneumonia, ARDS
Profound shock on increasing PEEP

TAPSE 8 mm / PASP 42 mmHg = 0.2 → RV-PA uncoupling <0.31 
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SpO2 = 88% on O2 15 L/min

Rt. Sided consolidation Bilateral coalescent B lines
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45 y/o suspected ARDS, 10 yr post MVR for rupture cord  

TTE → no MR seen, however, signs of LV volume overload and high LVEDP (? mitral regurgitation)
TOE → paravalvular leakage due to dehiscence of posterior annulus  

M-mode can provide vital information



25 y/o SOB, few wks after flu, worse perfusion 
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25 y/o SOB, few wks after flu, worse perfusion 

’A’ filler = Suppressed early filling LVOT VTI 5 cm 
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25 y/o SOB, few wks after flu, worse perfusion 

Diastolic mitral regurgitation = very high LVEDP@EchoSoliman



48 y/o, post PCI to LAD, RCA

Lactate 7, BE -6, ScVO2 35%, CI 1.7 

LVOT VTI 8 cm

Noradrenaline 0.10 mcg/ks/min, 
Milrinone 0.2 mcg/kg/min, 
Adrenaline 0.08 mcg/kg/min 
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Contrast echo
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Assessment of stroke volume

LVOT  VTI ≳ 18 cm 

Vasoplegic shock
Obstructive shock
(PE, tamponade, dynamic LVOT/mid-cavitary obstruction)

Assess LV filling pressures

Elevated Normal 

Cardiogenic shock

Check LVEDA 

Reduced

Hypovolemic shock

Normal

Visual assessment of LV/ RV size and function

Hypotension (shock)

LVOT VTI < 18 cm 

Echo signs of  LV filling pressures:
- E/A > 2
- Septal e’< 8 cm/sec , 
- Lateral e’ < 10 cm/sec 
- E/e’ > 15
- LA volume ≳ 34 mL/m2

- PV flow S/D ratio < 1
- LA strain < 20% 
- LUS: Bilateral symmetrical B lines 
pattern 
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Take Home Messages

• Echo enables phenotyping of cardiogenic shock 

• Multimodal approach (cardiac, lung and VeXUS)

• Functional haemodynamic echo arena is evolving

• Training and accreditation is essential  

• Further research and validation is awaiting
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