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Utility of tissue Doppler imaging of systolic function
to diagnose diastolic dysfunction in critically il patients
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Background: Diastolic dysfunction might be associated with increased mortality in se-
vere sepsis and septic shock. In 2016 new American Society of Echocardiography (ASE)/
European Association of Cardiovascular Imaging (EACVI) guidelines were published.
They simplify our approach to diastolic dysfunction recognition, but they were not
validated in critical care settings. The aim of the study was to assess the applicability of
systolic tissue Doppler imaging of left ventricle in patients with and without diastolic
dysfunction classified on the basis of the new guidelines.
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Methods: Two echocardiographers analyzed transthoracic echocardiography (TTE) exa-
minations and assigned patients according to ASE/EASCVI guidelines to three groups:
patients with systolic dysfunction and diastolic dysfunction, patients with normal sys-
tolic function and diastolic dysfunction, and patients with normal systolic and diastolic
function.

Results: We performed 593 examinations in 320 patients and 390 examinations in
200 patients were included in the study. In 264 examinations with ejection fraction
(EF) < 55% systolic and diastolic dysfunction was diagnosed (group 1). In 114 examina-
tions with EF > 55% normal systolic and diastolic function was diagnosed (group 2).
In 12 examinations with EF > 55% normal systolic and abnormal diastolic dysfunction
was diagnosed (group 3). After analyzing mean systolic tissue Doppler of the mitral an-
nulus we found a statistically significant difference between group 1 and 2 (P < 0.0001)
and between group 2 and 3 (P < 0.0001). The difference in values of means in group 1
vs. 3 was not statistically significant (P = 0.853).

Conclusions: Systolic tissue Doppler analysis of mitral annulus might help to diagnose

diastolic dysfunction especially in patients with preserved ejection fraction. CORRESPONDING AUTHOR:
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Diastolic dysfunction in critically ill patients can
seriously impede the treatment process. It might be
associated with increased mortality in severe sep-
sis and septic shock and might be associated with
prolonged weaning from mechanical ventilation
[1-3]. The incidence of diastolic dysfunction in criti-
cal care ranges from 20% to 67% and thus proper
recognition is very important [4-16]. The latest rec-
ommendations from the American Society of Echo-
cardiography (ASE) and the European Association of
Cardiovascular Imaging (EASCVI) published in 2016
simplified the method of diastolic dysfunction rec-
ognition and grading [17]. Moreover, they recog-

nize that patients with abnormal systolic function
or structural abnormalities must automatically have
a degree of impaired diastolic function [17, 18]. This
means that all patients with systolic dysfunction
have diastolic dysfunction. But what about patients
with preserved systolic function? There are four
equal criteria of diastolic dysfunction in patients
with normal left ventricular ejection fraction (LVEF):
average E/e’ > 14, septal e’ velocity < 7 cm s or late-
ral e’ velocity < 10 cm s, TR velocity > 2.8 m s, LA
volume index > 34 mL m™. To recognize diastolic
dysfunction one needs > 50% of positive criteria.
If 2 criteria are met it is not possible to determine
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whether the patient has diastolic dysfunction or not
[17, 18]. One of the methods that might be used in
difficult situations is strain echocardiography, but
this technique is not cheap and it is not available in
every intensive care unit (ICU) [19]. In our study we
decided to analyze the utility of systolic tissue Dop-
pler imaging in patients with and without diastolic
dysfunction.

METHODS
Study design

We conducted an observational study at the 4®
Military Hospital in Wroclaw and the District Hospi-
tal in Rawicz, Poland, from May 2014 to July 2017. As
transthoracic echocardiography has become a stan-
dard procedure in the ICU, consent was waived. In-
clusion criteria were: all adult patients with at least
one complete transthoracic echocardiography (TTE)
examination in the course of treatment. Patients
with more than one examination were also includ-
ed. Repeated examination was performed when the
clinical condition of the patient changed and thor-
ough examination was deemed necessary. Exclu-
sion criteria included: artificial valve prosthesis and
severe mitral pathology. Two echocardiographers
analyzed TTE examinations and assigned patients to
three groups: patients with systolic dysfunction and
diastolic dysfunction, patients with normal systolic
dysfunction and diastolic dysfunction, and patients
with normal systolic function and normal diastolic
function. After assigning patients to groups accord-
ing to 2016 ASE/EACVI (Figure 1), tissue Doppler of

(riteria for diastolic dysfunction in patients
with normal systolic function

1. Increased left atrial volume

2. TR velocity > 2.8 m sec”

3.Septal €' < 0.07 ms” or lateral & < 0.Tm s
4. Average E/e’ > 14

\ /
2/4 parameters positive —

indeterminate diastolic dysfunction

\/
3/4 parameters positive —

diastolic dysfunction

systolic function of the mitral annulus was assessed
in all three groups.

Patient data collected included demographic
and physiological data, the Simplified Acute Physio-
logy Score (SAPS 11), the Sequential Organ Failure
Assessment (SOFA) score, the Charlson comorbidity
index, and the diagnosis at the time of examination.

Echocardiography

Transthoracic echocardiography was routinely
performed in all our ICU patients. It has become our
main method of hemodynamic assessment due to
its non-invasiveness and diversity of information
it provides. The parameters measured included
left ventricular (LV) function, mitral inflow veloc-
ity, septal and lateral tissue Doppler of mitral an-
nulus, tricuspid regurgitation, left atrium volume,
and septal and lateral systolic tissue Doppler of the
mitral annulus. Ejection fraction was estimated by
“eyeballing”, and left atrial volume was measured
with Simpson’s biplane technique. Tissue Doppler
measurements were taken from the peak intensity
of the Doppler signal in the mitral annulus and aver-
aged from 3 cardiac cycles if the patient was in sinus
rhythm or at least 5 cycles when the rhythm was not
sinus in origin.

Systolic dysfunction was diagnosed when EF es-
timated by “eyeballing” was below 55%. Abnormal
systolic function measured by tissue Doppler was
diagnosed based on the average of septals’and
medials’ The cut-off value of < 10 cm s was estab-
lished for systolic dysfunction. Diastolic dysfunction

Grading of diastolic dysfunction if:
— systolic dysfunction or
— known cardiac condition or
— normal systolic function but fulfil criteria (part A)

E/A

E/A<0.8andE<50cms’ E/A0.8-2.0

E/A<0.5andE>50cms’

Review 3 criteria:
E/e'>14
TR velocity > 2.8 ms™
Increased left atrial volume

(if only 2 criteria available and only
1 positive then grade is indeterminate)

At least
2/3 positive

Q&{&
O
)
\/

Grade 1:
diastolic dysfunction

Grade 2:
diastolic dysfunction

E/A>2

y

4

Grade 3:
diastolic dysfunction

FIGURE 1. 2016 ASE/EACVI (American Society of Echocardiography/European Association of Cardiovascular Imaging) algorithms for diagnosis of diastolic

dysfunction
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TABLE 1. Patients’ characteristics

Gender (M/F) M:F=120:80
Age 18-97 years (median = 67)
ICU admission

SAPS I 12-98 (median = 52)

Charlson Comorbidity Index 0-13 (median =2)

Admission category

Sepsis 60 (30%)
Respiratory failure 50 (25%)
Heart failure 43 (21.5%)
Liver failure 10 (5%)
Trauma 7 (3.5%)
Acute pancreatitis 7 (3.5%)
Neurological disorders 5(2.5%)
Diabetic ketoacidosis 2(1%)
Acute renal failure 1(0.5%)
Gastrointestinal bleeding 1(0.5%)

Protocolized TTE examinations
n=>593

Examinations excluded
due to lack of data (n = 203)

<55% > 55%
(n=164) (n=126)
Normal Abnormal
Group 1 Group 2 Group 3
n=1264 n=114 n=12

FIGURE 2. Diagram of protocalized transthoracic echocardiography
examinations

was diagnosed according to 2016 ASE/EACVI guide-
lines. Left atrial volume was considered abnormal if
> 34 mL m (indexed for body surface area) or if
> 52 mL for females and > 58 mL for males (not in-
dexed for body surface area). Patients with normal
systolic function had different criteria of diastolic
dysfunction compared to patients with abnormal
systolic function assessed by “eyeballing”. The pa-

TABLE 2. S'value analysis in defined groups of patients

Growp || Mean S0 | Min |01 ] Medan | @G| Max |
1 264 0.1 29

tients with systolic dysfunction did not proceed to
grading of diastolic dysfunction. The assumption
was made that they all had diastolic dysfunction.

Statistical analysis

The difference in means’ value between de-
fined groups was assessed using the Kruskal-Wallis
test. Post-hoc analysis was done using the Conover
method with Holm correction. Analysis was per-
formed using R for Windows (version 3.4.4) [20].

RESULTS

We performed 593 TTE protocolized examina-
tions in 320 patients between May 2014 and July
2017. 200 patients were included in the study. There
were 390 TTE examinations approved for analysis.
203 examinations were excluded from the analysis
due to lack of data regarding LVEF, systolic tissue
Doppler measurement from either the medial or
lateral annulus, or when it was not possible to deter-
mine diastolic function. Baseline demographics of
the patients are included in Table 1.390 TTE exami-
nations were performed on day 0-63 (median 3) of
ICU admission, SOFA score on the examination day
was 0-18 (median 7), mean arterial pressure was
39-137 mm Hg (median 82 mm Hg), heart rate was
39-155 beats min” (median 89 beats min™'), PEEP
3-20 cm H,0 (median 8 cm H,0). 293 examinations
were performed in sinus rhythm.

In 264 examinations we assessed EF below 55%
and systolic and diastolic dysfunction was diag-
nosed (group 1). In 114 examinations we assessed
EF = 55% and normal systolic and normal diastolic
function was diagnosed (group 2). In 12 examina-
tions we assessed EF = 55% and normal systolic
and abnormal diastolic function was diagnosed
(group 3) (Figure 2).

After qualifying examinations into 3 groups we an-
alyzed mean velocity of lateral and medial tissue Dop-
pler of the mitral annulus in all groups and the results
are presented in Table 2. A statistically significant dif-
ference between groups 1 and 2 (P < 0.0001) and be-
tween groups 2 and 3 (P < 0.0001) was observed. The
values of mean s’in groups 1 and 3 were not deter-
mined to be statistically significant (P = 0.853). Velocity
of systolic tissue Doppler was significantly higher in
examinations with good systolic and diastolic function
as compared to groups with diastolic dysfunction.

0.1071 0.2045 0.03 0.07 0.08
2 114 0.1419 0.3088 0.05 0.1 0.1 0.13 3.4
3 12 0.08333 0.0123 0.07 0.07 0.08 0.092 0.1
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DISCUSSION

The publications of the 2016 ASE/EACVI guide-
lines simplified the method of diastolic dysfunction
recognition in ICU patients although they were not
validated in the critical care setting [18]. The new
guidelines clearly state that one cannot separate
diastolic dysfunction from systolic dysfunction
and all patients with systolic dysfunction have ab-
normal diastolic function [17]. The guidelines also
state that patients with preserved ejection frac-
tion should have 4 elements of diastolic function
assessed: left atrial volume, TR velocity, septal €’
or lateral € and averaged E/e’[17]. But patients in
the ICU are not that easy to visualize and measure.
Performing Simpson biplane evaluation of ejection
fraction in ventilated patients is time consuming
and it is often difficult to visualize a clear outline
of the endocardium. We usually perform visual as-
sessment of left ventricle ejection fraction because
it is easy to perform and is reliable [21]. Reliability
of “eyeballing” usually is restricted to determining
whether the systolic function is good, moderate or
severely impaired. It does not provide precise infor-
mation about EF and thus diastolic dysfunction. To
complement our systolic function assessment we
performed tissue Doppler in the mitral annulus. We
chose the mean velocity of < 10 cm s as a cut-off
value for impaired systolic function [22].

In our study we tried to analyze the utility of sys-
tolic tissue Doppler in patients with and without di-
astolic dysfunction. We wanted to find out whether
tissue Doppler could help in determining diastolic
function especially in patients with preserved ejec-
tion fraction. We analyzed 390 TTE examinations
performed in 200 patients. We divided the examina-
tions into three groups: group 1 — abnormal systolic
and diastolic function, group 2 - normal systolic and
diastolic function, group 3 — normal systolic and ab-
normal diastolic function. Our results show that the
velocity of systolic tissue Doppler was significantly
higher in group 2 with normal systolic and diastolic
function as compared to groups with abnormal dia-
stolic function (1 and 3).

In our opinion tissue Doppler plays a very im-
portant role in echocardiographic assessment of ICU
patients especially when strain echocardiography is
not available [19, 23]. It can help especially in situa-
tions when we cannot measure all parameters nec-
essary to diagnose diastolic dysfunction according
to the newest guidelines. When we classify a patient
with preserved systolic function in the intermedi-
ate group - 2 parameters positive and 2 parameters
negative - systolic tissue Doppler analysis might be
decisive.

But why is there so much interest in diastolic
dysfunction in the ICU population? We think it

might be influenced by studies identifying diastolic
dysfunction as a predictor of mortality especially
in the septic population [1, 2, 4, 6-8]. The 2016
ASE/EACVI guidelines simplify our approach to
diastolic dysfunction but they do not solve all di-
agnostic problems in critically ill and mechanically
ventilated patients. We need clear definitions and
simple tools to diagnose diastolic dysfunction in the
ICU. Sturgess et al. [24] proposed brain natriuretic
peptide (BNP) as a marker of diastolic dysfunction.
They suggest a cut-off value of 43 pg mL" (sensi-
tivity 80% and specificity of 59%) for diagnosing
diastolic dysfunction. However, elevated B-type
natriuretic peptide (BNP) appears to lack validity
as a biomarker of myocardial dysfunction in sepsis
and cannot be used solely to diagnose diastolic dys-
function [8]. Can speckle tracking echocardiography
help in difficult patients? Orde et al. [25] performed
speckle tracking echocardiography in adult patients
with early severe sepsis/septic shock. The incidence
of RV and LV dysfunction was approximately twice
as high based on strain analysis when compared
to assessment by conventional echocardiography,
suggesting that speckle tracking echocardiography
is more sensitive than the conventional technique
[19, 25]. Unfortunately, speckle tracking echocar-
diography is not available in most Polish intensive
care units, so we try to apply tissue Doppler in many
clinical scenarios. A very interesting application of
tissue Doppler was proposed by Clancy et al. [26].
They proposed a novel parameter (septal €'/s’) to
identify diastolic dysfunction in patients with se-
vere sepsis and septic shock who had normal sys-
tolic function. They concluded that a reduction in
septal e'/s" may indicate diastolic dysfunction and
might be applicable even in hyperdynamic systolic
function. Our study strengthens the role of tissue
Doppler in diagnosing diastolic dysfunction and
remains in accordance with the newest guidelines.
It has some important limitations. First of all, the
cut-off value of < 55% was proposed as a marker of
systolic dysfunction, which is slightly higher than
the reference value for males (< 52%) and females
(< 54%). It is difficult to be precise when performing
“eyeball” estimation, and physicians tend to quan-
tify EF every 5%, for example 45%, 50%, 55%, etc.
Also the cut-off value of mean velocity of systolic
tissue Doppler is oversimplified, but it was useful
in our analysis. We did not perform grading of dia-
stolic dysfunction as it was not our goal. Grading of
diastolic dysfunction would be necessary to guide
the treatment and to determine the mortality. As
this study was performed only in two hospitals, the
number of examinations was limited by the num-
ber of sonographers available. A significant number
of examinations were lost due to discordance with
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2016 ASE/EACVI guidelines and lack of necessary
data. Further research of tissue Doppler and its ap-
plication in diastolic dysfunction is needed with ef-
forts to find novel and easy parameters applicable
in the ICU population.
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