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Abstract
Background: Echocardiography is widely used in the management of patients with cardiogenic shock (CS). Left
ventricular ejection fraction (EF) has been shown to be an independent predictor of survival in CS. Tissue Doppler
Imaging (TDI) is a sensitive echocardiographic technique that allows for the early quantitative assessment of
regional left ventricular dysfunction. TDI derived indices, including systolic velocity (S'), early (E') and late (A')
diastolic velocities of the lateral mitral annulus, are reduced in heart failure patients (EF < 30%) and portend a
poor prognosis. In CS patients, the application of TDI prior to revascularization remains unknown.

Objective: To characterize TDI derived indices in CS patients as compared to patients with chronic CHF.

Methods: Between 2006 and 2007, 100 patients were retrospectively evaluated who underwent
echocardiography for assessment of LV systolic function. This population included: Group I) 50 patients (30 males,
57 ± 13 years) with chronic CHF as controls; and Group II) 50 patients (29 males, 58 ± 10 years) with CS. Spectral
Doppler indices including peak early (E) and late (A) transmitral velocities, E/A ratio, and E-wave deceleration time
were determined. Tissue Doppler indices including S', E' and A' velocities of the lateral annulus were measured.

Results: Of the entire cohort, the mean LVEF was 25 ± 5%. Cardiogenic shock patients demonstrated
significantly lower lateral S', E' and a higher E/E' ratio (p < 0.01), as compared to CHF patients. The in-hospital
mortality in the CHF cohort was 5% as compared to the CS group with an in hospital mortality of 40%. In the
subset of CS patients (n = 30) who survived, the mean S' at presentation was higher as compared to those patients
who died in hospital (3.5 ± 0.5 vs. 1.8 ± 0.5 cm/s).

Conclusion: Despite similar reduction in LV systolic function, CS patients have reduced myocardial velocities
and higher filling pressures using TDI, as compared to CHF patients. Whether TDI could be a reliable tool to
determine CS patients with the best chance of recovery following revascularization is yet to be determined.
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Background
Cardiogenic shock (CS) is a state of inadequate tissue per-
fusion due to cardiac dysfunction. It is a potentially lethal
complication that occurs in 10% of all cases of acute myo-
cardial infarction (MI) [1]. Between 1995 and 2004, the
National Registry of Myocardial Infarction database
recorded 300 000 ST elevation MI's of which 8.6% pre-
sented with CS [2]. In patients hospitalized for either
myocardial infarction, decompensated heart failure or fol-
lowing cardiac surgery, CS was the leading cause of death
resulting in mortality rates of up to 80% [2]. Although
rapid stabilization and treatment of reversible causes via
early revascularization is a priority, the mortality rate due
to CS in the current era remains high [3,4].

Prognostic echocardiographic factors for determination of
early recovery after CS are limited. Short and long term
mortality appears to be associated with initial depressed
LV systolic function and mitral regurgitation (MR) as
assessed by echocardiography [5]. In patients with LV
ejection fraction (EF) less than 30%, survival at one year
was 24% versus 56% for those with preserved systolic
function [5].

Tissue Doppler imaging (TDI) is a sensitive, noninvasive
echocardiographic method that records velocity of tissue
motion within the myocardium. TDI has been evaluated
in both in vitro and in vivo studies, allowing for the quan-
titative assessment of both global and regional function of
the myocardium [6]. Indices derived from TDI, including
systolic velocity (S'), early (E') and late (A') diastolic
velocities of the lateral mitral annulus, are reduced in
heart failure patients (EF < 30%) and portend a poor prog-
nosis. Transmitral to early diastolic velocity ratio (E/E')
obtained via TDI correlates strongly with LV filling pres-
sures [7]. An E/E' ratio > 10 identified a pulmonary capil-
lary wedge pressure (PCWP) > 15 mm Hg with a
sensitivity of 92% and a specificity of 80% [8]. In addition
to chronic CHF, a higher E/E' has also been shown to cor-
relate with a worse prognosis in acute myocardial
ischemia and hypertension [9-12]. The application of TDI
prior to revascularization in patients presenting with CS
remains unknown.

The objective of this study was to describe TDI derived
indices in patients presenting with cardiogenic shock after
acute myocardial infarction, prior to percutaneous revas-
cularization.

Methods
Patient Population
Between 2006 and 2007, 100 consecutive patients were
retrospectively evaluated who underwent echocardiogra-
phy for assessment of LV systolic function. This popula-
tion included: Group I) 50 patients with chronic CHF as

age and sex matched controls; and Group II) 50 patients
with CS. The CHF group was defined as LVEF < 40%,
NYHA class III or IV status, with documented severe three
vessel coronary artery disease on cardiac catheterization,
requiring hospitalization for decompensated heart failure.

All patients in the cardiogenic shock (CS) group presented
with an acute myocardial infarction defined as a rise and/
or fall of cardiac biomarkers with at least one value above
the 99th percentile of the upper reference limit. Addition-
ally, all patients had to either have symptoms of ischemia,
ECG changes of new ischemia (new ST-T changes or new
left bundle branch block), or the development of patho-
logical Q waves on EKG [13]. Cardiogenic shock was diag-
nosed if the patient satisfied all of the following clinical
and hemodynamic criteria: i) hypotension (a systolic
blood pressure < 90 mmHg for at least 30 minutes or the
need for supportive measures to maintain a systolic blood
pressure ≥ 90 mmHg); ii) a cardiac index ≤ 2.2 l/min per
m2; iii) and a pulmonary capillary wedge pressure ≥ 15
mmHg in the setting of an acute ischemic insult. All CS
patients met the above criteria. The medical records of all
100 patients were extensively reviewed for baseline demo-
graphic and hemodynamic data. The retrospective study
was approved by the local institutional review board.

Echocardiography
Parasternal and apical views were obtained using the GE
Vivid 7 (GE Medical Systems, Milwaukee, WI) standard
echocardiographic system and multifrequency transducer
with tissue Doppler capability. Standard two dimensional
images, M-mode, spectral and color Doppler, and TDI
were performed. All echoes were performed within 6
hours of the patient's initial admission to hospital. For the
patients in CS, all echo parameters were obtained prior to
revascularization.

Left ventricular (LV) inter-ventricular septal thickness
(IVS), posterior wall thickness (PWT), and LV ejection
fraction (EF) were determined from 2-dimensional
images according to established criteria [14,15].

Left ventricular diastolic function was assessed using both
conventional and novel diastolic parameters. Transmitral
LV filling velocities at the tips of the mitral valve leaflets
were obtained from the apical 4-chamber view using
pulsed wave Doppler echocardiography. The transmitral
LV filling signal was traced manually and the following
variables were obtained: peak early (E) and late (A) trans-
mitral velocities, and E/A ratio.

Tissue-Doppler derived indices were recorded at the lat-
eral mitral annulus. A sample volume of 6 × 6 mm was
positioned along the basal lateral wall of the apical 4
chamber view. These indices included systolic velocities
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(S'), early diastolic (E') velocities and late diastolic (A')
velocities. Finally, the dimensionless index of E/E' was cal-
culated. The estimated left atrial pressure was subse-
quently calculated as E/E' × 1.25 + 1.9 [7].

Statistics
The data are summarized as mean ± SD or number (per-
centage). Chi-square or Fisher exact tests were applied to
compare categorical variables. A Student t-testing was
used to compare parameters between both groups. A p
value < 0.05 was considered significant. The Statistical
Analysis System 8.01 (SAS Insitute, Cary, NC) was used to
perform the analysis.

Results
Baseline Characteristics
The total population included 100 patients (mean age 57
± 12, range 43 to 77). Group I consisted of 50 patients (30
males, 57 ± 13 years) with chronic CHF as controls. Group
II consisted of 50 patients (29 males, 58 ± 10 years) with
CS. Baseline characteristics are shown in Table 1. The two
groups were similar with respect to baseline demograph-
ics, cardiovascular risk factors, and 2D echocardiographic
parameters. Despite the difference in concomitant medi-
cation use amongst both groups (Table 1), with all
patients in the CS group being on inotropic support, the
HR, SBP and DBP were similar for assessment of conven-

tional diastolic and TDI parameters (Table 2). Of the
entire cohort, the mean LVEF was 25 ± 5%.

Diastolic Echocardiographic Parameters
Figure 1 illustrates examples of TDI annular parameters in
a patient with CHF and a different patient with CS. All 100
patients had abnormal diastolic function, either having a
pseudonormal pattern (n = 62) or a delayed relaxation
pattern (n = 38) based on conventional diastolic parame-
ters. There were no significant differences between the two
groups with respect to heart rate, systolic blood pressure,
and diastolic blood pressure (Table 2). All patients were in
sinus rhythm. Individuals with CS demonstrated signifi-
cantly lower lateral S' and E' (5.2 ± 1.3 cm/s vs. 2.1 ± 0.9
cm/s and 5.1 ± 1.1 cm/s vs. 3.4 ± 1.2 cm/s respectively) as
compared to CHF patients. In addition, the E/E' ratio and
estimated left atrial pressure (LAP) were elevated in CS
patients as compared to CHF patients (Table 2).

Clinical outcomes
The mean duration of hospitalization for the CHF and CS
patients were 10 ± 3 and 12 ± 4 days respectively. The in-
hospital mortality in the CHF cohort was 5% as compared
to the CS group with an in hospital mortality of 40%. In
the subset of CS patients (n = 30) who survived in-hospi-
tal, the mean S' at presentation, prior to revascularization,
was higher as compared to those patients who died (3.5 ±
0.5 vs. 1.8 ± 0.5 cm/s) as shown in Figure 2. At 6 months

Table 2: Hemodynamic data and Doppler echocardiographic 
findings in all patients (n = 100)

Characteristics CHF (n = 50) CS (n = 50) p-value

Hemodynamic Data

HR (bpm) 81 ± 11 84 ± 7 0.76
SBP (mm Hg) 87 ± 7 86 ± 10 0.72
DBP (mm Hg) 50 ± 4 48 ± 8 0.68

Doppler echocardiography

Mitral E velocity (cm/s) 71 ± 10 72 ± 8 0.74
Mitral A velocity (cm/s) 64 ± 13 66 ± 12 0.72
E/A ratio 1.03 ± 0.3 1.04 ± 0.4 0.78

Doppler tissue imaging

S' (cm/s) 6.2 ± 1.3 3.0 ± 0.9 < 0.01
E' (cm/s) 5.1 ± 1.1 3.2 ± 1.2 < 0.01
A' (cm/s) 3.8 ± 1.0 3.2 ± 1.1 0.92
E/E' (lateral) 13 ± 3 22 ± 3 < 0.01
LAP (mm Hg) 19 ± 4 31 ± 4 < 0.01

Values are mean ± SD (percentage). CHF, congestive heart failure; 
CS, cardiogenic shock; HR, heart rate; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; LAP, estimated left atrial pressure; p < 
0.05* was considered significant.

Table 1: Clinical and 2-D echocardiographic findings in all 
patients (n = 100)

Characteristics CHF (n = 50) CS (n = 50) p-value

Age (y) 57 ± 13 58 ± 10 0.88
Male Gender (%) 30 (60) 29 (58) 1.00
Diabetes mellitus (%) 30 (60) 32 (64) 0.90
Hypertension (%) 35 (70) 37 (74) 0.78
Dyslipidemia (%) 25 (50) 23 (46) 0.90
Smoking history (%) 34 (68) 32 (64) 0.82

Cardiac medications

Beta blockers (%) 50 (100) 10 (20) < 0.05
ACE inhibitors (%) 48 (96) 5 (10) < 0.05
Digoxin (%) 25 (50) 5 (10) < 0.05
Spironolactone (%) 32 (64) 0 (0) < 0.05
Inotropic support (%) 0 (0) 50 (100) < 0.05

Left Heart Dimensions

IVS (mm) 10 ± 2 11 ± 2 0.87
PWT (mm) 11 ± 2 11 ± 1 0.90
LVEDD (mm) 60 ± 2 59 ± 3 0.85
EF (%) 25 ± 6 23 ± 7 0.82

Values are mean ± SD (percentage). CHF, congestive heart failure; 
CS, cardiogenic shock; y, years; IVS, interventricular septal thickness; 
PWT, posterior wall thickness; LVEDD, left ventricular end diastolic 
diameter; EF, ejection fraction. p < 0.05* was considered significant.
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of followup, out of hospital mortality was 15% for CHF
patients and 60% for CS patients.

Discussion
Cardiogenic shock is the leading cause of death in patients
with acute myocardial infarction with an in-hospital mor-
tality rate greater than 50% [2]. A variety of structural and
functional abnormalities are identifiable on echocardiog-
raphy in patients presenting with acute CS [5]. Although
Picard et al demonstrated reduced LV systolic function
and mitral regurgitation as predictors of survival and
response to early revascularization in CS [5], our study is
the first to characterize a reduction in TDI derived indices
in CS patients. Despite similar reductions in LV systolic
function, our study demonstrated CS patients have
reduced myocardial velocities and higher filling pressures
using TDI as compared to CHF patients.

Mitral annular systolic velocity (S') reflects the long axis
motion of the ventricle which is an important component
of LV systolic function [16]. Peak myocardial systolic
velocity averaged from six sites around the mitral annulus
correlates well with LV ejection fraction. A S' value greater
than 7.5 cm/s had a sensitivity of 79% and a specificity of
88% in predicting normal global LV function [17]. Sub-
endocardial fibers make a substantial contribution to long
axis function, and are susceptible to a variety of cardiac
pathologies. Hypertension, coronary artery disease and

CHF have been shown to negatively affect these fibers and
reduce S'. A reduction in S' correlates with increased mor-
bidity and mortality in each of these disease states
[11,18,19].

In our study, CS patients had a significantly lower S' com-
pared to CHF patients. Shock has severe metabolic conse-
quences, involving mainly energy metabolism, substrate
utilization, and acid-base regulation. As longitudinally
arranged subendocardial fibers are most vulnerable to
ischemia and metabolic abnormalities, it is not an unex-
pected finding that LV base-apex contraction was abnor-
mal in our CS population. Given the prognostic value in
other cardiac disease states, a reduction of S' in CS may be
of similar clinical importance in this patient population.
In our study, albeit small numbers, the subset of patients
in CS who survived demonstrated increased S' values on
initial presentation, prior to revasculariation, as com-
pared to those who died in-hospital.

Similar to systolic annular velocity (S'), early diastolic
mitral annular (E') appears to be a strong independent
predictor for the short and long-term prognosis of
patients with cardiovascular disease. E' has been proposed
as a useful index for the non-invasive evaluation of LV
relaxation, that is relatively preload independent [20].
Recent studies have shown that a reduced E' predicts
increased cardiovascular morbidity and mortality

Representative TDI velocities of the lateral annulus including S', E' and A' in a patient with congestive heart failure (CHF) and in a patient with cardiogenic shock (CS) with similar LVEFFigure 1
Representative TDI velocities of the lateral annulus including S', E' and A' in a patient with congestive heart 
failure (CHF) and in a patient with cardiogenic shock (CS) with similar LVEF.
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[11,14,19]. Wang et al demonstrated that an E' less than 3
cm/s was the best prognostic marker for long-term follow
up in a population of patients with chronic hypertension
[11].

In the current study, E' was significantly reduced in the CS
population as compared to chronic CHF patients. The
potential mechanism for this abnormality may relate to
the acute increase in LV wall stress due to the ischemic
insult in the CS state. The reduced E' may be a sensitive
marker of regional relaxation abnormality reflected in the
long axis dimension that could potentially be evident ear-
lier than clinical manifestations of global left ventricular
relaxation abnormality.

Since E' is reduced and diastolic mitral annular increases
with higher filling pressures, the E/E' ratio correlates well
with invasive pulmonary capillary wedge pressure
(PCWP) measurements [8,20,21]. Elevated PCWP is asso-
ciated with a higher mortality rate after acute MI and has
been shown to carry independent prognostic information
in CHF patients [22-24]. In our study, CS patients had an
elevated E/E' ratio and LAP confirming raised LV filling
pressures. The spectrum of diastolic abnormalities which
may account for the elevated ratios include increased
myocardial stiffness, reduced LV compliance, and ele-
vated LV end-diastolic parameters. A restricted filling pat-

tern tends to correlate with higher mortality at 30 days
and 1 year in CS [22], and is known to be associated with
a poor prognosis in CHF patients [23]. Hillis et al. previ-
ously established that in the setting of acute MI, an E/E'
ratio greater than 15 can identify patients at an increased
risk of mortality with a sensitivity of 70% and a specificity
of 91% [24,25]. In addition, the prognostic value of E/E'
was incremental to clinical factors and conventional
echocardiographic parameters of LV systolic and diastolic
function [24,25]. An elevated E/E' ratio in CS patients may
be of comparable value in distinguishing this select popu-
lation at higher risk for poor cardiovascular outcomes
[26].

Limitations
Similar to other studies using TDI, this methodology is
affected by the quality of 2D images and cardiac transla-
tion, rotation, or both. Only lateral annular velocities
were analyzed as septal annular velocities may be sub-
jected to the influence of the right ventricle. Only the lat-
eral wall of the left ventricle was routinely sampled with
TDI as per routine in our echocardiography laboratory.
However, lateral velocities may be affected by both trans-
lational effects and beam angle [20,27]. The reduced LV
systolic function in the CS population may have repre-
sented myocardial stunning, and thus the true LVEF may
have been underestimated in this subgroup. Tissue Dop-

In the CS group, 30 patients survived in-hospital and 20 patients diedFigure 2
In the CS group, 30 patients survived in-hospital and 20 patients died. The mean S' at presentation, prior to revascu-
larization, was higher in the survivors as compared to those patients who died (3.5 ± 0.5 vs. 1.8 ± 0.5 cm/s).
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pler imaging parameters was not obtained immediately
following revascularization nor at 6 month followup in
the patient population. Lastly, this study is limited by the
relatively small sample size and retrospective design. A
larger, prospective study is needed in order to make more
substantive conclusions regarding the clinical utility of tis-
sue Doppler indices prior to percutaneous revasculariza-
tion in patients with cardiogenic shock.

Conclusion
Despite similar reduction in LV systolic function, CS
patients have reduced myocardial velocities and higher
filling pressures compared to chronic CHF patients.
Whether TDI could be a reliable tool to determine CS
patients with the best chance of recovery following revas-
cularization is yet to be determined.
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