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CASE REPORT

A simple algorithm for differential 
diagnosis in hemodynamic shock based on left 
ventricle outflow tract velocity–time integral 
measurement: a case series
J. Mercadal1, X. Borrat1, A. Hernández2, A. Denault3, W. Beaubien‑Souligny4, D. González‑Delgado5 and 
M. Vives5*   on behalf of the Spanish Critical Care Ultrasound Network Group 

Abstract 

Echocardiography has gained wide acceptance among intensive care physicians during the last 15 years. The lack of 
accredited formation, the long learning curve required and the excessive structural orientation of the present algo‑
rithms to evaluate hemodynamically unstable patients hampers its daily use in the intensive care unit. The aim of this 
article is to show 4 cases where the use of our simple algorithm based on VTI, was crucial. Subsequently, to explain 
the benefit of using the proposed algorithm with a more functional perspective, as a means for clinical decision‑
making. A simple algorithm based on left ventricle outflow tract velocity–time integral measurement for a functional 
hemodynamic monitoring on patients suffering hemodynamic shock or instability is proposed by Spanish Critical 
Care Ultrasound Network Group. This algorithm considers perfusion and congestion variables. Its simplicity might be 
useful for guiding physicians in their daily decision‑making managing critically ill patients in hemodynamic shock.

Keywords: Transthoracic echocardiography, Cardiac output, Velocity–time integral, Hemodynamic shock, Point‑of‑
care ultrasound, POCUS
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Introduction
Echocardiography is a procedure that has been used in 
the critical care setting for a long time. Several working 
groups from different societies have published guidelines 
and consensus documents suggesting competencies and 
training programs [1, 2]. However, its expansion has been 
limited by the absence of an accredited training. Further-
more, echocardiography is apparently complex and often 
requires a prolonged training in the cardiovascular imag-
ing unit. Therefore, echocardiography is often limited to 

specific areas such as perioperative cardiac surgery or 
lung and liver transplantation.

Its use in the cardiology setting has mainly a diagno-
sis and prognosis role, focusing mainly in its structural 
perspective for medium and long-term decision-making. 
However, in the cardiology setting, it may also be used 
for functional and hemodynamic monitoring at the bed-
side [3, 14–16], such as using mitral Doppler inflow pat-
terns to guide diuresis, LVOT VTI to optimize pacing, 
RV systolic pressure (RVSP) estimation to guide therapy 
in pulmonary hypertension.

There are several algorithms aiming for guiding in 
the assessment of hemodynamic shock in critically ill 
patients, based on echocardiography [4–6]. These echo-
cardiographic algorithms focus mainly in its structural 
perspective and do not offer a clear guide on how to 
interpret the findings in such a complex clinical context, 
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which often leads to starting unnecessary treatment or 
support measures.

The aim of this article is to show a simple algorithm 
based on left ventricle outflow tract (LVOT) velocity–
time integral for differential diagnosis in hemodynamic 
shock proposed by the Spanish Critical Care Ultrasound 
Network Group. This algorithm is based on LVOT veloc-
ity–time integral measurement, giving a more functional 
perspective to the use of echocardiography in the criti-
cal care setting. This functional perspective is based on 
measuring forward flow, by LVOT velocity–time integral 
measurement, in the LVOT or right ventricle outflow 
tract (RVOT), which will allow us to measure variables 
related to perfusion (preload, afterload and contractility). 
This variable integrated into clinical context may have a 
potential role in the differential diagnosis for hemody-
namic shock in critically ill patients (Fig. 1).

Assessment of hemodynamic status is based on two 
concepts: perfusion and congestion. Congestion may be 
assessed by lung ultrasound as well as, hepatic, portal 
vein and venous renal congestion (VEXUS Score) along 
with trans-mitral inflow and E/e’ ratio to estimate LV fill-
ing pressures. However, in our article, we will focus on 
perfusion parameters rather than congestion.

Our review will be centered on transthoracic echocar-
diography, although it might also be used by transesoph-
ageal echocardiography.

Written informed consent was obtained from the 
patients for publication of this case report.

A case series of 4 patients is reported to whom the 
algorithm based on VTI was performed and its use was 
crucial for the differential diagnosis and management of 
the hemodynamic shock.

Clinical case 1
This is a 73-year-old patient with a medical history of 
diabetes mellitus on insulin, hypertension and dilated 
ischemic heart disease (IHD) with left ventricle ejec-
tion fraction (LVEF) of 25–30% on diuretic treatment 
undergoing urgent cholecystectomy for acute cholecys-
titis. After anesthesia induction a profound hypotension 
(BP 60/30) and tachycardia (HR 100  bpm) refractory to 
volume and low-dose administration of ephedrine, is 
presented. It was decided to do an urgent echocardiog-
raphy. From the structural perspective, a severe left ven-
tricular systolic function impairment is observed in the 
echocardiography.

Step 1: What is the cause of this hemodynamic shock? 
According to clinical context and medical history it could 
be the following: (a) septic shock due to cholecystitis, or 
(b) cardiogenic shock secondary to an acute ischemic 
cardiomyopathy, or (c) relative hypovolemia due to 
diuretics.

Step 2: What treatment would you give? (1) Fluid ther-
apy, with its associated risk of overloading; (2) vasopres-
sors, with its associated risk of lowering cardiac output 
and worsening hypoperfusion; (3) inotropic drugs, with 
its associated risk of worsening the clinical state if hypov-
olemia or IHD is the cause of the shock.

According to structural algorithms, the images showing 
low LVEF in the TTE would lead to initiation of inotropic 
support to improve contractility, whereas with the use of 
echocardiography from the hemodynamic and functional 
perspective, an adequate forward flow (VTI of 19 cm and 
cardiac output of 5,9L/min) is shown. As it is a chronic 
dilated cardiomyopathy with high end-diastolic volumes, 
an adequate stroke volume was maintained. Inferior vena 
cava (IVC) diameter was 20  mm with a distensibility of 
10%. Mitral-inflow E/A ratio was 1.2.

The VTI of 19 cm, calculated by TTE, helped us in our 
differential diagnosis, leading us to suggest that the most 
likely cause of hemodynamic shock was the low vascular 
resistance due to anesthetic drugs and treating with vaso-
pressors rather than inotropic support or fluids.

Clinical case 2
A 67-year-old male patient was admitted to ICU for 
a post-operative shock state after surgery. As a medi-
cal history, he has chronic kidney disease on hemodi-
alysis, two previous episodes of Pulmonary Embolism 
(PE) on anticoagulant treatment and chronic IHD sec-
ondary to a myocardial infarction (MI) in 2006. After 
reversal of anticoagulation, he underwent surgery for 
an arteriovenous peripheral abscess drainage in the 
left arm. Intraoperatively, there was significant bleed-
ing, estimated as 1  L, due to extension of abscess to Fig. 1 Principles of functional echocardiography
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deep planes. Two-hours after surgery severe hypoten-
sion with tachycardia of 110 bpm and signs of tissular 
hypoperfusion (lactates of 4.5 mmol/L and ScvO2 63%) 
occurred.

Step 1: What is the cause of this hemodynamic 
shock? According to clinical context and medical his-
tory it could be the following: (a) hypovolemia second-
ary to bleeding, (b) septic shock due to abscess, or (c) 
obstructive shock due to a potential new PE or (d) car-
diogenic shock secondary to a new MI.

Step 2: What treatment would you give? (1) Fluid 
therapy, with its associated risk of overloading as he is 
patient on hemodialysis; (2) vasopressors, with its asso-
ciated risk of lowering cardiac output and worsening 
hypoperfusion; (3) inotropic drugs, with its associated 
risk of worsening the clinical state if hypovolemia or 
vasoplegia is the cause of hemodynamic shock.

LV systolic function, observed in the 4-chamber 
apical view, is estimated to be moderately impaired 
(LVEF estimated to be around 35%). RV systolic func-
tion assessment includes a RV/LV area ratio of 0.9 and 
a TAPSE of 13  mm measured by M-mode, suggest-
ing a moderate RV systolic dysfunction and mild RV 
dilatation.

SV is measured by normalized VTI, and a VTI of 21 cm 
is measured at the LVOT level in the 5-chamber apical 
view. Fluid responsiveness is assessed by a PLRT and VTI 
is increased by 13% (from 21 to 24 cm), suggesting that 
patient is fluid responsive. IVC diameter was 15 mm and 
distensibility of 20%.

As a summary, this is a patient with a moderately 
impaired LV systolic function, as well as, a moderately 
impaired RV systolic function, who is fluid responsive, 
has a stroke volume of 66 mL estimated by a normalized 
VTI.

Almost all echocardiographic structural parameters 
related to perfusion are impaired. Consequently, these 
values may be confusing.

What echocardiographic perfusion parameters should 
be prioritized to determine the main contributor to 
this hemodynamic shock? How to distinguish between 
chronic or acute impaired perfusion parameters?

Following our algorithm, first step is to determine 
whether an adequate forward flow is present or not. In 
this clinical case VTI at LVOT is 21  cm with a HR of 
110  bpm, and CO is 7.2L/min. As a result, an adequate 
SV or forward flow is suggested. Therefore, in the context 
of hemodynamic shock associated with hypotension, the 
main contributor is a distributive shock secondary to low 
systemic vascular resistance (SVR). However, the patient 
is also fluid responsive with signs of tissular hypoperfu-
sion (lactate 4.5  mmol/L and ScvO2 63%). Therefore, 
fluid therapy was given first, followed by vasopressors 

with significant hemodynamics improvement and re-
assessment was performed later.

Clinical case 3
A 42-year-old women, with a perforated duodenal ulcer 
secondary to NSAIDs required an urgent laparotomy 
complicated with bleeding. Diffuse secondary peritoni-
tis and severe hemodynamic shock, requiring high dose 
of noradrenaline (0.4mcg/kg/min), developed postop-
eratively. She had no past medical history. Biomarkers of 
infection were increased with a procalcitonin of 20  ng/
mL and C-reactive protein of 30 mg/l.

Step 1: What is the cause of this hemodynamic shock? 
According to clinical context and medical history it could 
be the following: (a) hypovolemia secondary to bleed-
ing, (b) septic shock due to secondary peritonitis, or (c) 
obstructive shock due to a PE or (d) cardiogenic shock 
secondary to a stress cardiomyopathy or a new MI.

Step 2: What treatment would you give? (1) Fluid ther-
apy, with its associated risk of overloading; (2) vasopres-
sors, with its associated risk of lowering cardiac output 
and worsening hypoperfusion; (3) inotropic drugs, with 
its associated risk of worsening the clinical state if hypov-
olemia or vasoplegia is the cause of hemodynamic shock.

24  h postoperatively, an inferolateral elevated ST was 
observed in ECG. LV global and regional contractil-
ity was not impaired and LVOT VTI was preserved 
(21,5  cm). Few hours later, bigeminy was observed. An 
anterior, anteroseptal medial and apical akinesia, with a 
VTI of 14 cm in LVOT and LVEF of 35% was shown in 
TTE. IVC was 22 mm and distensibility with mechanical 
ventilation was 5%. Trans-mitral inflow E/A ratio was 1.9. 
Hypotension and tachycardia (100 bpm) were developed 
requiring increasing dose of vasopressors and adding 
vasopressin at 0,03UI/min.

The low VTI of 14  cm associated with a dilated IVC 
with no distensibility and E/A ratio of almost 2, suggested 
that the cause of the hemodynamic shock was a mixed 
distributive and cardiogenic shock due to stress cardio-
myopathy, confirmed by a normal coronary angiography.

Dobutamine infusion was initiated at 5  mcg/kg/min 
and diuretics were given with a significant hemodynamic 
improvement leading to a decrease of noradrenaline and 
increase of VTI in LVOT to 17  cm. Dobutamine was 
stopped 4 days later because LV contractility had recov-
ered and VTI at the LVOT improved (21 cm).

Clinical case 4
A 65-year-old man with a perforated ascending colon due 
to a cancer requiring a right colectomy by an urgent lapa-
rotomy. Subsequently, a diffuse secondary peritonitis and 
a hemodynamic shock, requiring high dose of vasopres-
sors (noradrenaline at 0,3mcg/kg/min), was developed. 



Page 4 of 11Mercadal et al. The Ultrasound Journal           (2022) 14:36 

Ta
bl

e 
1 

Pa
tie

nt
s’ 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

ca
se

 s
er

ie
s 

to
 w

ho
m

 o
ur

 a
lg

or
ith

m
 b

as
ed

 o
n 

VT
I w

as
 p

er
fo

rm
ed

Pa
tie

nt
Cl

in
ic

al
 s

ce
na

ri
o

V
TI

 a
nd

 o
th

er
s T

TE
 p

ar
am

et
er

s
Ca

us
e 

of
 h

em
od

yn
am

ic
 s

ho
ck

Th
er

ap
eu

tic
 s

tr
at

eg
y

1
‑ A

ne
st

he
si

a 
in

du
ct

io
n 

fo
r c

ho
le

cy
st

ec
to

m
y 

du
e 

to
 a

cu
te

 c
ho

le
cy

st
iti

s
‑IH

D
 w

ith
 L

VE
F 

25
%

‑ L
VO

T 
VT

I 1
9 

cm
‑ I

VC
 o

f 2
0 

m
m

 a
nd

 d
is

te
ns

ib
ili

ty
 o

f 1
0%

‑ M
itr

al
‑in

flo
w

 E
/A

 ra
tio

 1
.2

‑ D
is

tr
ib

ut
iv

e 
Sh

oc
k 

se
co

nd
ar

y 
to

 a
ne

st
he

tic
 

dr
ug

s
Va

so
pr

es
so

rs
 (p

he
ny

le
ph

rin
e 

or
 n

or
ad

re
na

‑
lin

e)

2
‑ P

os
to

pe
ra

tiv
e 

of
 a

n 
ar

te
rio

ve
no

us
 p

er
ip

he
ra

l 
ab

sc
es

s 
dr

ai
na

ge
 c

om
pl

ic
at

ed
 w

ith
 b

le
ed

in
g 

re
qu

iri
ng

 p
ol

yt
ra

ns
fu

si
on

‑ C
KD

 o
n 

IH
D

‑ P
re

vi
ou

s 
PE

. I
H

D

‑ L
VO

T 
VT

I 2
1 

cm
‑ F

lu
id

 re
sp

on
si

ve
‑ I

VC
 d

ia
m

et
er

 1
5 

m
m

 a
nd

 d
is

te
ns

ib
ili

ty
 o

f 
20

%

‑ D
is

tr
ib

ut
iv

e 
sh

oc
k 

se
co

nd
ar

y 
to

 e
ith

er
 S

IR
S 

or
 S

ep
si

s 
2r

y 
to

 th
e 

ab
sc

es
s. 

A
lo

ng
 w

ith
, 

be
in

g 
flu

id
 re

sp
on

si
ve

 w
ith

 s
ig

ns
 o

f t
is

su
la

r 
hy

po
pe

rf
us

io
n

Fl
ui

d 
th

er
ap

y 
fir

st
 fo

llo
w

ed
 b

y 
va

so
pr

es
so

rs

3
‑ P

os
to

pe
ra

tiv
e 

of
 a

 d
iff

us
e 

se
co

nd
ar

y 
pe

rit
o‑

ni
tis

 s
ec

on
da

ry
 to

 p
er

fo
ra

te
d 

du
od

en
al

 u
lc

er
 

co
m

pl
ic

at
ed

 w
ith

 b
le

ed
in

g
‑N

o 
pa

st
 m

ed
ic

al
 h

is
to

ry

‑ L
VO

T 
VT

I 1
4 

cm
‑ I

VC
 w

as
 2

2 
m

m
 a

nd
 d

is
te

ns
ib

ili
ty

 w
as

 5
%

‑ M
itr

al
‑in

flo
w

 E
/A

 ra
tio

 1
.9

‑ M
ix

ed
 S

ho
ck

 (d
is

tr
ib

ut
iv

e 
pl

us
 c

ar
di

og
en

ic
) 

du
e 

to
 a

 s
tr

es
s 

ca
rd

io
m

yo
pa

th
y

D
ob

ut
am

in
e 

in
fu

si
on

 a
nd

 d
iu

re
tic

s

4
‑ P

os
to

pe
ra

tiv
e 

of
 a

 d
iff

us
e 

se
co

nd
ar

y 
pe

ri‑
to

ni
tis

 2
ry

 to
 a

 p
er

fo
ra

te
d 

as
ce

nd
in

g 
co

lo
n 

du
e 

to
 a

 c
an

ce
r r

eq
ui

rin
g 

a 
rig

ht
 c

ol
ec

to
m

y 
co

m
pl

ic
at

ed
 w

ith
 s

ev
er

e 
bl

ee
di

ng
‑ H

yp
er

te
ns

io
n

‑ D
ia

be
te

s
‑ I

H
D

 w
ith

 p
re

se
rv

ed
 L

VE
F

‑ L
VO

T 
VT

I 1
6 

cm
‑ I

VC
 8

 m
m

 w
ith

 a
 d

is
te

ns
ib

ili
ty

 o
f 2

0%
‑ M

itr
al

 E
/A

 ra
tio

 0
,9

‑ F
lu

id
 re

sp
on

si
ve

 w
ith

 a
 1

5%
 in

cr
ea

se
 in

 L
VO

T 
VT

I a
ft

er
 a

 P
LR

T

‑ H
yp

ov
ol

em
ic

 s
ho

ck
 d

ue
 to

 s
ev

er
e 

bl
ee

di
ng

 
du

rin
g 

su
rg

er
y 

w
ith

 s
ig

ns
 o

f t
is

su
la

r h
yp

op
‑

er
fu

si
on

‑ F
lu

id
 th

er
ap

y
‑ M

ai
nt

ai
n 

or
 d

ec
re

as
e 

va
so

pr
es

so
rs

 if
 p

os
si

bl
e



Page 5 of 11Mercadal et al. The Ultrasound Journal           (2022) 14:36  

As a medical history, he had hypertension, diabetes, and 
ischemic cardiomyopathy with preserved LVEF. During 
surgery bleeding of 1.5 L occurred.

24 h postoperatively, hypotension and tachycardia were 
progressively increasing requiring increasing dose of 
vasopressors up to 0,5mcg/kg/min and adding vasopres-
sin at 0,03UI/min, with signs of tissular hypoperfusion 
(lactate 3,5 mmol/L and ScvO2 64% and oliguria < 0,5 ml/
kg/h).

Step 1: What is the cause of this hemodynamic shock? 
According to clinical context and medical history it could 
be the following: (a) hypovolemia secondary to bleed-
ing, (b) septic shock due to secondary peritonitis, or (c) 
obstructive shock due to a PE or (d) cardiogenic shock 
secondary to a stress cardiomyopathy or a new MI.

Step 2: What treatment would you give? (1) Fluid ther-
apy, with its associated risk of overloading; (2) vasopres-
sors, with its associated risk of lowering cardiac output 
and worsening hypoperfusion; (3) inotropic drugs, with 
its associated risk of worsening the clinical state if hypov-
olemia or vasoplegia is the cause of hemodynamic shock.

TTE showed a not dilated LV with a moderate infer-
oseptal and inferior hypokinesia. RV was not dilated, 
and contractility was not impaired. IVC had a diameter 
of 8 mm with a distensibility of 20%. VTI at LVOT was 
16 cm. Trans-mitral inflow E/A ratio was 0.9 suggesting 
low LV filling pressures. A passive leg raising test was 
performed and a VTI increased of 15% occurred, sug-
gesting that the patient could benefit from fluid therapy. 
Hemodynamics improved with the administration of 
500 cc of fluid therapy allowing us to decrease noradren-
aline dose down to 0,25mcg/kg/min.

The low VTI (16  cm) associated with a small IVC of 
8 mm with a distensibility of 20%, along with, low filling 
pressures with E/A ratio 0.9 and fluid responsive after a 
PLRT, suggested that the patient was hypovolemic and 
not yet well filled intravascularly (Table 1).

Discussion
In this article, a case series of patients have been reported 
to whom the algorithm based on LVOT velocity–time 
integral measurement was performed, and its use was 
crucial for differential diagnosis and management of 
hemodynamic shock.

For the assessment of perfusion, it is essential to meas-
ure the CO. CO calculation often justifies the use of 
invasive monitors such as the pulmonary artery catheter 
pulmonary (PAC) or other transpulmonary thermodilu-
tion-based systems.

CO calculation by echocardiography non-invasively 
has been compared to thermodilution by the pulmo-
nary artery catheter (PAC), showing an excellent per-
formance. Data from a prospective cohort study on 50 

cardiac surgery patients determining the correlation 
between ultrasound (US) and PAC, showed an excellent 
performance to detect a 10% variation in CO (Receiver 
operating curve (ROC 0.9; specificity 71% and sensitiv-
ity 92%) [7]. More recently, data from a meta-analysis on 
1,996 patients from 68 studies, no significant differences 
were found between US and thermodilution-derived CO 
(mean difference − 0.14; 95% CI − 0.30 to 0.02; p = 0.08) 
[8].

Cardiac ultrasound allows calculating SV by using 
pulsed wave Doppler (PWD) technique. PWD calculates 
the velocity of red blood cells at a specific point in the 
cardiovascular system. If PWD is applied at the level of 
the LVOT, a triangular image will be obtained that repre-
sents the spectrum of velocities of the red blood cells that 
pass through this point during each beat.

If the surface of such a triangle is traced with our 
ultrasound system, the VTI, will be obtained, which is 
expressed in cm (Fig. 2).

VTI is the length of the column of blood passing 
through a single point in each heartbeat. It is considered 
that the LVOT is a circular structure that does not sig-
nificantly change its shape during the cardiac cycle.

The volume of blood ejected from the left ventricle 
during systole passes through the LVOT, which is shaped 
like a cylinder. Solving for the volume of that cylinder, 
therefore, yields the SV (Fig. 2):

where CSA indicates the cross-sectional area. The height 
of the cylinder is the LVOT VTI, obtained by pulsed wave 
(PW) Doppler placed just proximal to the aortic valve in 
an apical five- or three-chamber view.

The SV may be calculated by multiplying VTI by the 
cross-section area (CSA) at the level of LVOT: CSA = Π 
× (diameter LVOT/2) [2]. The main limitation with 
this measurement is that calculation of LVOT diam-
eter (LVOTd) is a measurement with poor reproducibil-
ity. Consequently, when interpreting the progression of 
the CO, it is unknown whether the changes are related 
to treatment or differences in the LVOTd measurement. 
A well acquired LVOT VTI is represented by a spectral 
envelope, which is “dark” on the inside with a bright “out-
line.” LVOT VTI should include the closure "click" of the 
aortic valve in the Doppler profile.

It was chosen to convert the LVOT in a constant 
parameter, given that, it is a value that does not change 
significantly over time and is proportional to body sur-
face area (BSA) [9]. This simplification allows us to 
assume that SV = VTI. Therefore, the changes in VTI 
reflect changes in the SV. This has already been men-
tioned in a consensus document on monitoring in hemo-
dynamic shock by a working group from the ESICM [10].

Cylinder volume = height × CSA,
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In this way, it is possible to estimate SV by normaliz-
ing the LVOTd to the global population mean, LVOTd of 
2 cm (20.3 ± 2.3 mm) [9, 11–13].

If the LVOTd is normalized, assuming the global 
population mean, the following formula may be used: 
SV = VTI × [Π × (2/2)2] = VTI × Π (= 3.14).

Based on this formula, SV may be calculated based on 
VTI values. A calculated VTI of 18  cm, corresponds to 
an SV of 56.5 mL, which is very close to 60 mL, which is 
the lower limit of normality, according to hemodynamic 
literature and the cut-off value to define a low SV (Fig. 3).

A VTI of 18 cm has been used as the cut-off value for 
low SV for several reasons. First, it is assumed that there 
is a tendency to underestimate the VTI, due to a subopti-
mal Doppler bean alignment between our beam and the 
orientation of the LVOT. Thus, it is possible to assess per-
fusion using VTI directly, either in the LVOT or RVOT 
[12–14]. Second, guidelines from the American Society 
of Echocardiography (ASE) for the echocardiography 
as a monitor for therapeutic intervention in adults sug-
gest VTI > 18  cm, as an adequate CO  [15]. This sugges-
tion is based on data from an observational cohort study 
on 990 ambulatory patients with stable coronary artery 
disease (CAD), where it is observed that a VTI < 18 cm is 
associated with an increase rate of heart failure requiring 
hospitalization and mortality independent of clinical and 
other echocardiographic parameters [16].

A recent editorial was emphasizing and suggesting that 
hemodynamic monitoring is best achieved with the use of 
a simple quantitative measurement reflecting stroke vol-
ume—VTI at the LVOT or RVOT—and that this meas-
urement should be taught to every operator at the earliest 
stage of echo training. The author suggested that since flow 
is such a crucial indicator of tissue perfusion and the target 
of most of our therapeutic interventions, it seems reason-
able to include LVOT VTI measurement in the curriculum 
of “basic” echo training [17]. This approach has also been 
supported by other experts in the field of critical care echo-
cardiography [18]. The view to be used for LVOT VTI is 
apical 5-chamber or apical 3-chamber view. PWD at the 
LVOT, 1 cm proximal to the aortic valve, should be used 
to measure VTI. As already mentioned above, the value 
of 18 cm is the minimum normal value of VTI, which dis-
criminates between normal or low SV.

Fig. 2 Mathematical explanation for VTI calculation

Fig. 3 Correlation of VTI and normalized SV
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The average overall RVOT distal diameter is slightly 
larger than LVOTd (21.7 ± 3.14 mm vs 20.3 ± 2.3 mm) [13]. 
Therefore, the RVOT VTI cut-off value should be slightly 
lower (from 18 to 15 cm) than LVOT VTI. The view to be 
used for RVOT VTI is subcostal short-axis RVOT or par-
asternal long-axis RV outflow. This value as the cut-off 
value should be interpreted into clinical context. Criti-
cal care setting is complex, but for the sake of simplicity 
it is useful to have a clear figure in memory to serve as a 
reference.

The main limitations for using VTI as SV calculation are 
the following:

1. SV calculation will be overestimated if the follow-
ing pathologies are present: (a) subaortic stenosis, 
(b) LVOT dynamic obstruction associated with sys-
tolic anterior motion (SAM), (c) moderate-to-severe 
aortic regurgitation, and (d) the presence of aortic 
prosthetic valve. To overcome this limitation, meas-
urement of VTI at the RVOT, placing the PWD just 
before the pulmonary valve, by the subcostal short-
axis RVOT or parasternal long-axis RV outflow, may 
be used.

2. Either a smaller (SV will be overestimated) or larger 
(SV will be underestimated) LVOT diameter than 
mean global population in people with low or high 
body surface area (BSA). To overcome this limitation, 
the LVOTd should be measured by an expert sonog-
rapher.

VTI‑based algorithm in hemodynamic shock proposal
In this article, an algorithm based on LVOT velocity–time 
integral measurement it is proposed by the Spanish Critical 
Care Ultrasound Network Group, for hemodynamic shock 
assessment, guiding in the decision-making for differential 
diagnosis (Fig. 4).

First step is to analyze whether the patient has an ade-
quate forward flow in terms of SV and CO. This first step 
will be answered by the measurement of the normalized 
VTI at LVOT or RVOT:

1. If VTI is above 20 cm, the SV is adequate and there-
fore the cause of the hemodynamic shock will most 
likely be a distributive shock. In this case, after initi-

ating vasopressors to normalized mean blood pres-
sure, VTI will be reassessed to ensure SV has not been 
reduced by increasing afterload related to vasopressors.
2. On the other hand, if VTI is below 16 cm, an abnor-
mally low SV is suggested, and the cause of this low-
cardiac output syndrome should be diagnosed. The 
lower limit of VTI has been downgraded to 16  cm 
because most of the time in critical care, images 
obtained are less than optimal and there is a tendency 
to underestimate the VTI, due to a suboptimal Dop-
pler bean alignment. Therefore, VTI between 18 ± 2 
is left as a “gray-zone” where clinical assessment is of 
paramount importance.
2.1First, pericardial function is evaluated to rule out 
cardiac tamponade.
2.2 Second, RV systolic function and size will be eval-
uated. If RV systolic function is impaired or severe 
RV dilatation is present, the most likely cause of the 
hemodynamic shock is obstructive shock, e.g., mas-
sive pulmonary embolism (PE), and it may be treated 
accordingly. However, differential diagnosis includes 
other causes of RV pressure or volume overload, such 
as acute cor pulmonale (ARDS, COPD, asthma), ten-
sion pneumothorax, RV infarction, decompensated 
chronic pulmonary hypertension (PHTN), fluid over-
load or stress-related RV systolic impairment (sepsis 
cardiomyopathy).
2.3Third, if RV systolic function is normal, LV systolic 
contractility will be assessed by eyeballing. LV fill-
ing pressure will be measured by mitral-inflow E/A 
ratio. If LV systolic function is moderate or severely 
impaired, in absence of hypovolemia, the most likely 
cause is cardiogenic shock, including diastolic dys-
function, sepsis stress-cardiomyopathy, MI, decom-
pensated previous cardiomyopathy, myocarditis.
2.4Fourth, if massive mitral or aortic regurgitation is 
observed, it could be a main contributor of the hemo-
dynamic shock.
2.5Lastly, fluid responsiveness will be assessed. If 
patient is responsive, fluid therapy will be given.

The order followed for the perfusion parameters assess-
ment in our algorithm is not trivial. The goal is to recover 
perfusion parameters without over resuscitating the 
patient avoiding adverse effects. For this reason, fluid 

(See figure on next page.)
Fig. 4 VTI‑based algorithm in hemodynamic shock. AR aortic regurgitation. AS, aortic stenosis, ARDS acute respiratory distress syndrome, CFD 
color flow Doppler. COPD chronic obstructive pulmonary disease, CRRT  continuous renal replacement therapy, GI gastrointestinal, MI myocardial 
infarction, IABP intra‑aortic balloon pump, IVC inferior vena cava, IVS intraventricular septum, LV left ventricle, LVEF left ventricle ejection fraction, 
LVOT left ventricle outflow obstruction. MS mitral stenosis, PE pulmonary embolism, PLRT passive leg raising test, PHTN pulmonary hypertension, RA 
right atrium, RBC red blood cells, RV right ventricle, RVOT right ventricle outflow tract, TAPSE tricuspid annular plane systolic excursion, VTI velocity–
time integral
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Fig. 4 (See legend on previous page.)
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responsiveness is the last one to be evaluated, after ruling 
out tamponade, RV/LV systolic function and left-sided val-
vular incompetency.

To achieve this goal, our premise is the following: a 
structural cardiac dysfunction does not significantly con-
tribute to the hemodynamic shock, unless causes a low-
cardiac output syndrome, measured by a normalized 
VTI below 16  cm. Therefore, it should not be treated. 
Even if the patient is fluid responsive and VTI is normal 
(VTI > 18  cm), fluid therapy may not be recommended, 
unless signs of tissular hypoperfusion are present. This is 
the normal physiological state and if SV is not low, fluid 
therapy may lead to worse outcomes associated with 
adverse effects secondary to overloading [19–21].

The presence of regional or global wall motion abnor-
malities does not necessarily mean it should be treated 
with inotropic support unless low SV (VTI < 18  cm) 
occurs. Inotropic support is indicated for low-cardiac 
output syndrome associated with signs of tissular hypop-
erfusion unless you have LV or RV outflow obstruction 
[10].

The use of inotropic support in a patient with an ade-
quate SV (VTI > 18 cm) might lead to an increased myo-
cardial mechanical stress and oxygen consumption with 
its risk of arrhythmias.

The presence of RV contractility impairment or RV 
dilatation associated with an adequate SV (VTI > 18 cm) 
means that the RV dysfunction is not the cause of hypo-
tension or hemodynamic shock. As an example, if a 
patient is diagnosed of PE in the clinical context of hemo-
dynamic shock with normal SV, the RV dysfunction will, 
most likely, not be the main cause of shock. It would 
rather be a distributive shock, requiring to rule out septic 
shock and controlling its source.

Overall, if there is no benefit from using a specific 
treatment, it should be avoided to decrease its associated 
adverse effects.

Our algorithm is not intended to be an algorithm that 
fits all possible clinical scenarios, since it would be too 
long and therefore not useful at the clinical level. Ten-
sion pneumothorax and LVOT/RVOT obstruction would 
be fluid responsive. However, they are out of the scope 
of our algorithm. Combined RV and LV systolic impair-
ment would include both clinical scenarios. Abdominal 
compartment syndrome would not be included in our 
algorithm.

The measurement of LV filling pressure by mitral-
inflow E/A ratio > 2 could only be used when LV sys-
tolic function impairment exists. Furthermore, only 
E/A > 2 and E/A < 0.8 + E velocity < 0.5  m/s can be 
used in isolation to clearly define LV filling pressure 
in those patients. The range of E/A 0.8—2.0 is indeter-
minate and required to measure additional variables 

(left atrium size, E/E’ ratio and tricuspid regurgitation 
peak velocity). Also, LV filling pressure can be normal 
with an E/A > 2 in patients with normal diastolic func-
tion (young < 40  years old). The criteria to accurately 
assess fluid responsiveness by aortic valve peak veloc-
ity or VTI variation associated with invasive mechani-
cal ventilation are well known: (a) sinus rhythm with 
no premature atrial or ventricle contraction; (b) tidal 
volume > 7 ml/kg; (c) absence of inspiratory efforts and 
lastly, but more importantly, absence of RV systolic 
dysfunction.

IVC distensibility test requires the following criteria to 
perform well: (a) tidal volume >  = 8  ml/kg; (b) PEEP no 
more than 5; (c) absence of inspiratory efforts or assisted 
pressure support; (d) absence of moderate-to-severe tri-
cuspid regurgitation or RV dysfunction; (e) absence of 
intra-abdominal hypertension and, lastly, absence of car-
diac tamponade.

It is proposed as a mental guide to prioritize concepts 
and facilitate the integration of echocardiography into 
patient’s clinical context for clinical decision-making.

To conclude, several topics will be discussed for the 
algorithm to perform well:

– Once the treatment has been applied, echocardio-
graphic re-assessment to confirm SV improvement 
should be performed. Reassessment is also crucial 
when a significant hemodynamic change occurs (e.g., 
tachycardia, increase need for vasopressors/ino-
tropes and hypoperfusion refractory to treatment).

– Clinical situations where VTI is in the “gray-zone” 
(VTI between 16 and 20), it is crucial the clinical 
context and tissue perfusion assessment by measure-
ment of arterial lactate, central venous oxygen satu-
ration, CO2 venous–arterial gradient. If hypoperfu-
sion persist, despite having optimized oxygen arterial 
saturation and hemoglobin, measures to increase SV 
should be applied. The “gray-zone” of VTI between 
16 and 20 cm could be debated. Sattin et al. [22] have 
recently suggested a systematic approach for using 
SV measurements to help integrate important 2D 
findings into the clinical context. They proposed a 
“gray-zone” of VTI between 14 and 22 cm, suggest-
ing to measure the LVOTd in case of a VTI in the 
“gray-zone” between 14 and 22 cm. However, LVOTd 
measurement has poor reproducibility. Any small 
error in measuring the LVOTd may lead to a signifi-
cant overestimation or underestimation of the SV. 
Therefore, we suggest that only experienced sonog-
raphers perform LVOTd measurement. The aver-
age overall RVOT distal diameter is slightly larger 
than LVOTd (21.7 ± 3.14 mm vs 20.3 ± 2.3 mm) [13]. 
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Therefore, the RVOT VTI cut-off value should be 
slightly lower (from 18 to 15 cm) than LVOT VTI.

– If tachycardia is present, it should be evaluated 
whether it is a compensatory or a reactive tachy-
cardia. Compensatory tachycardia is secondary to a 
low CO syndrome (e.g., cardiogenic, obstructive, or 
hypovolemic shock), whereas a reactive tachycardia 
is secondary to an inflammatory state such as distrib-
utive shock (e.g., Sepsis or Systemic Inflammatory 
Response Syndrome—SIRS), associated with a nor-
mal or high CI > 2.5 L/min/m2. If CI is < 2.2  L/min/
m2, compensatory tachycardia is suggested and treat-
ment to increase SV either with fluids or inotropes, 
should be applied.

– If AF is present, the mean of five VTI measures 
should be used for a normalized VTI and CI calcula-
tion.

Conclusion
In this article, a case series of patients have been reported 
to whom the algorithm based on LVOT velocity–time 
integral measurement was performed and its use was 
crucial for differential diagnosis and management of 
hemodynamic shock.

This simple algorithm aims for guiding in the decision-
making for the differential diagnosis of hemodynamic 
shock. It represents a shift in the classic hemodynamic 
shock assessment and management guide by echocar-
diography. This shift consists of moving from a more 
structural perspective to a more functional one. Our 
functional perspective aims for integrating all perfu-
sion parameters through a simple algorithm, rather than 
evaluating structural abnormalities separately, with no 
integration into a functional assessment. Ultimately, it is 
a useful tool for individualizing treatment, detecting the 
main contributor to the hemodynamic shock state, fol-
lowed by an early appropriate treatment, avoiding fluid 
overloading or inotropes overuse. Whether the use of 
this simple algorithm VTI-based in hemodynamic shock 
may improve important clinical outcomes remains to be 
elucidated.

Abbreviations
AF: Atrial fibrillation; AMI: Acute myocardial infarction; ARDS: Acute respiratory 
distress syndrome; ASE: American Society of Echocardiography; BP: Blood 
pressure; BSA: Body surface area; CAD: Coronary artery disease; CI: Cardiac 
index; CO: Cardiac output; CSA: Cross‑sectional area; CVP: Central venous 
pressure; HR: Heart rate; IVC: Inferior vena cava; LVEF: Left ventricle ejection 
fraction; LVOT: Left ventricle outflow tract; MAP: Mean arterial pressure; P1: 
Pressure 1; P2: Pressure 2; PAC: Pulmonary artery catheter; PE: Pulmonary 
embolism; PLRT: Passive leg raising test; PWD: Pulse wave Doppler; RVOT: 
Right ventricle outflow tract; SAM: Systolic anterior motion; SIRS: Systemic 
inflammatory response syndrome; SV: Stroke volume; SVR: Systemic vascular 

resistance; TEE: Transesophageal echocardiography; TTE: Transthoracic echo‑
cardiography; US: Ultrasound; VTI: Velocity–time integral.

Acknowledgements
WBS is supported by the KRESCENT program of the Kidney Foundation of 
Canada and the Fond de Recherche du Québec en Santé (Clinical Scholar 
Junior 1).
Spanish Critical Care Ultrasound Network Group: Marc  Vives5, Alberto 
Hernández2, Duilio González‑Delgado5, Paula  Carmona6, Xavier  Borrat1, David 
 Nagore7, Eduardo Sánchez8, Maria  Serna9, Pablo  Cuesta10, Unai  Bengoetxea11, 
Francisco  Miralles12 and Jordi  Mercadal1
1Department of Anesthesiology & Critical Care. Hospital Clinic. University of 
Barcelona. Spain
2Department of Anesthesiology & Perioperative Medicine, Policlinica Ibiza 
Hospital, Ibiza, Spain
5Department of Anesthesiology & Critical Care. Clínica Universidad de Navarra. 
Universidad de Navarra. Spain
6Department of Anesthesiology & Critical Care. Hospital Universitario y Politéc‑
nico La Fe. Valencia, Spain
7Department of Anesthesiology & Critical Care. Barts Heart Centre, St Bartho‑
lomew’s Hospital, London, UK.
8Department of Anesthesiology & Critical Care. Hospital Universitario Gregorio 
Marañon. Madrid, Spain
9Department of Anesthesiology & Critical Care. Hospital Universitario de 
Alicante. Alicante, Spain
10Department of Anesthesiology & Critical Care. Hospital Universitario de 
Albacete. Albacete, Spain
11Department of Anesthesiology & Critical Care. Hospital Urduliz. Urduliz, Spain
12Department of Anesthesia & Surgery Critical Care Service, Hospital Universi‑
tario Puerta del Mar, Cádiz, Spain.

Author contributions
All authors have contributed intellectually to the work, meeting the condi‑
tions of authorship, and have approved the final version of the article. All 
authors read and approved the final manuscript.

Funding
No funding was needed.

 Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The need for ethics approval was waived.

Consent for publication
Written informed consent was obtained from the patients for publication of 
this case report.

Competing interests
No financial and non‑financial competing interests exist.

Author details
1 Department of Anesthesiology & Critical Care, Hospital Clinic, University 
of Barcelona, Barcelona, Spain. 2 Department of Anesthesiology & Perioperative 
Medicine, Policlinica Ibiza Hospital, Ibiza, Spain. 3 Department of Anesthesia 
and Intensive Care Unit, Research Centre, Montreal Heart Institute and Uni‑
versité de Montréal, Montreal, QC, Canada. 4 Division of Nephrology, Centre 
Hospitalier de L’Université de Montréal, Montreal, Canada. 5 Department 
of Anesthesiology & Critical Care, Clínica Universidad de Navarra, Universidad 
de Navarra, Av. Pio XII, 36. 31008 Pamplona, Navarra, Spain. 

Received: 9 May 2022   Accepted: 3 August 2022



Page 11 of 11Mercadal et al. The Ultrasound Journal           (2022) 14:36  

References
 1. Expert Round Table on Ultrasound in ICU (2011) International expert 

statement on training standards for critical care ultrasonography. Inten‑
sive Care Med 37(7):1077–1083

 2. Price S, Via G, Sloth E, Guarracino F, Breitkreutz R, Catena E et al (2008) 
Echocardiography practice, training and accreditation in the intensive 
care: document for the World Interactive Network Focused on Critical 
Ultrasound (WINFOCUS). Cardiovasc Ultrasound 6:49

 3. Kluckow M, Seri I, Evans N (2007) Functional echocardiography: an 
emerging clinical tool for the neonatologist. J Pediatr 150(2):125–130 

 4. Perera P, Mailhot T, Riley D, Mandavia D (2010) The RUSH exam: rapid 
ultrasound in shock in the evaluation of the critically III. Emerg Med Clin 
North Am 28(1):29–56

 5. Faris JG, Veltman MG, Royse CF (2009) Limited transthoracic echocardi‑
ography assessment in anaesthesia and critical care. Best Pract Res Clin 
Anaesthesiol 23(3):285–298

 6. Royse CF (2009) Ultrasound‑guided haemodynamic state assessment. 
Best Pract Res Clin Anaesthesiol 23(3):273–283

 7. Parra V, Fita G, Rovira I, Matute P, Gomar C, Paré C (2008) Transoesopha‑
geal echocardiography accurately detects cardiac output variation. Eur J 
Anaesthesiol 25(2):135–143

 8. Zhang Y et al (2019) Cardiac Output measurement via echocardiography 
versus thermodilution: a systematic review and meta‑analysis. PLoS ONE 
14(10):e0222105

 9. Evangelista A, Garcia‑Dorado D, Garcia del Castillo H, Gonzalez‑Alujas 
T, Soler‑Soler J. Cardiac index quantification by Doppler ultrasound in 
patients without left ventricular outflow tract abnormalities. J Am Coll 
Cardiol 1995; 25(3):710–716.

 10. Cecconi M, De Backer D, Antonelli M, Beale R, Bakker J, Hofer C et al 
(2014) Consensus on circulatory shock and hemodynamic monitoring. 
Task force of the European Society of Intensive Care Medicine. Intensive 
Care Med 40(12):1795–1815

 11. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA et al 
(2006) Recommendations for chamber quantification. Eur J Echocardiogr 
7(2):79–108

 12. Lang RM et al (2006) Recommendations for chamber quantification. Eur J 
Ecocardiogr 7(2):79–108

 13. Kou S, Caballero L, Dulgheru R et al (2014) Echocardiographic reference 
ranges for normal cardiac chamber size: results from the NORRE study. 
Eur Heart J Cardiovasc Imaging 15(6):680–690

 14. Leye M, Brochet E, Lepage L, Cueff C, Boutron I, Detaint D et al (2009) 
Size‑adjusted left ventricular outflow tract diameter reference values: a 
safeguard for the evaluation of the severity of aortic stenosis. J Am Soc 
Echocardiogr 22(5):445–451

 15. Porter TR et al (2015) Guidelines for the use of echocardiography as a 
monitor for therapeutic intervention in adults: a report from the Ameri‑
can Society of Echocardiography. J Am Soc Echocardiogr 28:40–56

 16. Ristow B et al (2011) Left ventricular outflow tract and pulmonary artery 
stroke distances independently predict heart failure hospitalization and 
mortality: the heart and soul study. J Am Soc Echocardiogr 24:565–572

 17. Cholley B (2019) Echocardiography in the intensive care unit: beyond 
“eye‑balling”. A plea for the broader use of the aortic velocity‑time inte‑
gral measurement. Intensive Care Med 45:898–901

 18. Blanco P (2020) Rationale for using the velocity‑time integral and the 
minute distance for assessing the stroke volume and cardiac output in 
point‑of‑care settings. Ultrasound J 12(1):21. https:// doi. org/ 10. 1186/ 
s13089‑ 020‑ 00170‑x

 19. Prowle JR, Echeverri JE, Ligabo EV, Ronco C, Bellomo R (2009) Fluid bal‑
ance and acute kidney injury. Nat Rev Nephrol 6(2):107–115

 20. Prowle JR, Kirwan CJ, Bellomo R (2014) Fluid management for the preven‑
tion and attenuation of acute kidney injury. Nat Rev Nephrol 10(1):37–47

 21. Regli A, De Keulenaer B, De Laet I, Roberts D, Dabrowski W, Malbrain ML 
(2015) Fluid therapy and perfusional considerations during resuscitation 
in critically ill patients with intra‑abdominal hypertension. Anaesthesiol 
Intensive Ther 47(1):45–53

 22. Sattin M, Burhani Z, Jaidka A, Millington SJ, Arntfield RT (2022) Stroke 
volume determination by echocardiography. Chest 161(6):1598–1605. 
https:// doi. org/ 10. 1016/j. chest. 2022. 01. 022

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s13089-020-00170-x
https://doi.org/10.1186/s13089-020-00170-x
https://doi.org/10.1016/j.chest.2022.01.022

	A simple algorithm for differential diagnosis in hemodynamic shock based on left ventricle outflow tract velocity–time integral measurement: a case series
	Abstract 
	Introduction
	Clinical case 1
	Clinical case 2
	Clinical case 3
	Clinical case 4

	Discussion
	VTI-based algorithm in hemodynamic shock proposal

	Conclusion
	Acknowledgements
	References




