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Abstract

of patients with LVDD.

There is growing evidence both in the perioperative period and in the field of intensive care (ICU) on the association
between left ventriculardiastolic dysfunction (LVDD) and worse outcomes in patients. The recent American Society of
Echocardiography and European Association of Cardiovascular Imaging joint recommendations have tried to simplify
the diagnosis and the grading of LVDD. However, both an often unknown pre-morbid LV diastolic function and the
presence of several confounders—i.e., use of vasopressors, positive pressure ventilation, volume loading—make the
proposed parameters difficult to interpret, especially in the ICU. Among the proposed jparameters for diagnosis and
grading of LVDD, the two tissue\DoppIer imaging-derived variablesle’ and|E/e” seem most reliable. However, these are
not devoid of limitations In the present review, we aim at rationalizing the applicability of the recent recommenda-
tions to the perioperative and ICU areas, discussing the clinical meaning and echocardiographic findings of different
grades of LVDD, describing the impact of LVYDD on patients outcomes and providing some hints on the management
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Background

The study of left ventricular (LV) diastolic function and
the impact of decreased LV compliance and impaired
relaxation has received growing interest. This is certainly
due to not only the high incidence of LV diastolic dys-
function (LVDD) in the general population and its sensi-
ble impact on patients outcomes [1], but also the growing
use of echocardiography, which remains the sole clinical
tool allowing the ﬁtion of LV diastolic function, A
cross-sectional survey of over 2000 randomly selected

Minnesota residents aged 45 years or older|found an inci-
dence of LVDD almost five times ngHer than LV sys!ollc

i!g vs. 6%, respectively), which was a strong

dysfunction
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and indicate if changes were made.

predictor of mortality| (hazard ratio ranging from 8.3 for
mild LVDD to [10.2 for at-least-moderate LVDD) [1]. U
to 50% of patients presenting to the hospital with pulmo-
nary edema and hypertension have unchanged LV sys-
olic function and normal mitral valve apparatus, when
compared during and after the acute episode [2]. Simi-
larly, the(incidence ofisolated LVDD may be higher| than
50% in patients hospitalized for heart|failure (FTF) [3).
~The importance of LVDD is strongly emerging in the
perioperative setting [4] and in critically ill patients [5—
8], and the present review highlights the knowledge in
the field. Moreover, since [pharmacological strategies for
improving LV |diastolic function are% and are more
likely to produce results only in the long term [9], we pro-
vide a focused summary of the literature followed by key
approaches that may help clinicians in the optimization
and management of the patient with LVDD.
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Main text
Recent and their applicability
in the andﬁsettings

The most recent American Society of Echocardiography

and European Association of Cardiovascular Imaging
- joint recommendations for the diagnosis
and assessment of LVDD [10] made

compared with the previous recommendations .
of the main aims of the new guidelines was to

the approach of clinicians to_of whic
the previous version was deemed too complex because

many parameters were included. Such recently revised
guidelines have changed the methodology for determin-

analysis measurii
using a mo!1!e! pu|se wave

is
pressure
ables recommende
Table 1.

In patients with

e four vari-
y the guidelines are summarized in

a patient may have no
On the other hand, the new guidelines suppor
patients with structural abnormalities, known ischemic
heart disease or abnormal LV systolic function will have
impaired myocardial relaxation, and thus, echocardiogra-
phy examination may focus on the assessment of LV fill-
ing pressures and diastolic dysfunction grade.

the following step
e dysfunction itself.
indicated in Table 1 the
ratio are use LVDD and can be found in the
recently published recommendations [10], but LVDD
grading is not the aim of the present review, which is not
intended for cardiologists or experts in echocardiogra-
phy. Of note, an interesting retrospective cohort study by
Almeida and Colleagues conducted on 1000 individuals
aged > 45 years and with normﬁstolic function found

between the and the ver-
sions of the (published in or the evalu-

ation of LV

Page 2 of 12

to children or in the_
at applicability of these guide-

due to perioperative fasting, fluid

ift, hemorrhage, etc. Moreover, the use of transthoracic
echocardiography - isyin theFroom,
and the applicability of ¢’ and E/e’ ratio with transesopha-
geal echocardiography (TEE) should consider the impor-
tance of obtaining a good alignment of TDI signal.

On the other hand, it is somewhat surprising that the
authors did not mention the “ of such new
guidelines in the ame limitations
as the ones described in

be also present. Moreover, in this population of patients,
the _Ima under the negative influ-
ence of mechanica on right ventricular

and there are a large number of factors that may
increase pulmonary pressure at pre-capillary level, mak-
Among these factors, pulmonary vascular resistances
may increase with elevated airway pressures, although
it should be kept in mind that the transmission of pleu-

ral pressure itself is reduced when lung compliance is
low (i.e., acute respiratory distress syndrome). Addition-

patients.
e perioperative setting may

u
at levels of positive
end-expiratory pressure reduced significantly

both septal and lateral ¢’ values, possibly representing an
impaired LV relaxation due to m (and
ossibly RV dilatation) [13]. In other words, the observed
H. be to the itself, but
y the conditions of mechanica One

could say that-is_with a
!when reflecting a specific injury of the myocardium,
while probably this is the casz_ LVDD is mainly
induced by settings and clinical management.
With respect to the second parameter listed in Table 1,
the is - by - conditions
and critically ill patients are certainly exposed to sud-
den changes of circulating for either absolute or

relative hypovolemia (i.e., trauma and/or sepsis). More
importantly, patients with or septic shock are

characterized not only by vasoplegia with reduction in
LV afterload, but they also show_

(septic cardiomyopathy) [14]. Furthermore, as clarified in

the recent guidelines, is observed when
LVDD is and probably be Fin more
situations, as frequently observed in the intensive

care unit (ICU). How acutely the LA can dilate during
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Table 1 -main_used to-left ventricular diastolic dysfunction and their-

Parameter

Abnormal value Mode of measurement

Limitation/confounders

Parasternal and apical 4-ch view with CFD to get highest velocity aligned with
CWD. Adjust gain and contrast to display complete spectral envelope (no
signal spikes or feathering)

Analysis: peak modal velocity during systole at leading edge of spectral wave-
form

Apical 4-ch and 2-ch: acquire freeze frames (1-2 frames before MV opening).
LA volume measured in dedicated views (length and transverse diameters
maximized)

Analysis: method of disks or area-length method; correct for body surface area.
Do not include LA appendage or pulmonary veins in tracings

Apical 4-ch view: PWD sample volume (usually 5-10 mm axial size) at lateral or
septal basal regions. Use ultrasound system presets for wall filter and lowest
signal gain. Optimal spectral waveforms should be sharp (no signal spikes,
feathering or ghosting)

Analysis: peak modal velocity in early diastole at the leading edge of spectral
waveform

E wave: apical 4-ch with CFD imaging for optimal alignment of PWD with blood
flow. PWD sample volume (1-3 mm axial size) between mitral leaflet tips. Use
low wall filter setting (100-200 MHz) and low signal gain. Optimal spectral
waveforms should not display spikes or feathering

Analysis: peak modal velocity in early diastole at the leading edge of spectral
waveform

e’ see above

Analysis: E velocity divided by e’ velocity

_; adequate recording of full envelope not always
ossible; in some cases accuracy of calculation is on
io

seen in states, heart transplants, atrial
flutter, significant MV disease function;
LA dilatation occurs i ; suboptimal image quality (i.e, fore-
shortening) precludes accurate tracings; it can be difficult to quantify in patients

with aortic aneurysms or in patients with large inter-atrial septal aneurysms
in patients with CAD and

significant MAC, surgical rings

or prosthetic MV, pericardial disease; k different
Hon sampling. age dependent (decreases with aging)

_ subjects, patients with MAC, pericardial disease; “gra
zone" of values in which LV filling pressures are indeterminate;
in CAD and- different cutoffvalues_on the used for

measurement

4-ch, four-chamber; 2-ch, two-chamber; CAD, coronary artery disease; CFD, color flow Doppler; CWD, continuous wave Doppler; LA, left atrium; LV, left ventricle; MAC, mitral annulus calcifications; MV, mitral valve; PWD,
pulsed wave Doppler; RWMAs regional wall motion abnormalities; TR, tricuspid regurgitation

21D aAIsUB3U| “UUY v 32 oddijyues

0018 (8102)

71 Jo ¢ abey
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the early stages of critical illness is a matter of future
research. A recent study evaluated early changes in LA
volume after acute myocardial infarction. At 4-month
follow-up the authors found that 35% of patients had
LA remodeling, defined as LA volume index > 10 ml/m?.
However, at 1-month follow-up there was a mean change
of 6 ml/m?% with no significant differences between
patients with or without LA remodeling [15]. Therefore,
i can happen in a rela-
tively short-term bu as it matters in the
case of a- patients. Interestingly, another study
demonstrated that magnitude and pattern of LA append-
age emptying/filling velocities are dependent on load-
ing conditions and that velocities are influenced mainly
endage function

unction

e
which

imitations for patients necessitating an
echocardiographic assessment but having poor acoustic
windows for a transthoracic examination, for whatever
reason (i.e., due to mechanical ventilation). Another sig-

diographic evaluation to diagnose
a ﬁ- finding, mainly relate
e.g. sepsis for instance) and then .h
LVDD_to the ICU admission, considering the
amount of admission of older and older patients carry-
ing a significant burden of comorbidities. The
*between both is to
evaluation longitudinally until the discharge and maybe
after full recovery, but this approach would be very time-
and resource-consuming. However, observing a“
could help physicians whether diastolic

ystunction to in the ICU.
For the above reasons it becomes

the
ofmin L
according to fluctuations in volume and/or

jet velocities, while th
see Table 1) probabl
due to their relative
[17]. Importantly, a recent meta-analysis b

et al. [5] showed that such parameters are
in-patients.

Clinical and echocardiographic findings of_

of LVvDD
Hereby, we provide a simplified interpretation to the
progression from normal LV diastolic function to differ-

ent degrees of LVDD. In this context, it should be kept in

Page 4 of 12

are closelyq In particular, Fig. 1 shows the relation-
ship between left-sided pressures (LA and LV, Fig. 1a)

and the corresponding echocardiographic findings for
each stage in terms of transmitral blood flow (Fig. 1b)
and of TDI mitral annular displacement (Fig. 1c). In the
outpatient setting, once diagnosis of LVDD is made (i.e.,
patients with reduced LV systolic function and/or struc-
tural cardiomyopathy and/or fulfilling 3—4 parameters
shown in Table 1), the is assessed
according to th wave veloc-
ity). Figure 2 shows an of
in the outpatients according to the A%

guidelines.
in patients with
g e

From physiological perspectives

waves
from the left in Fig. 1).
With regard to the interpretation of transmitral blood
flow, at stages of
with impaired LV relaxation and the
becomes Therefore, the

and the -
is is the classical features of LV

second column from the left in Fig. 1 i

gra

The subsequent of with further

relaxation impairment causes physiological mechanisms
of _ i

in response to worsening
left in Fig. 1).

Finally, when the LV chamber becomes poorly com-
pliant and (LVDD grade !, only a
certain amount of blood can flow from the LA to the
LV at each diastole. Importantly, such
of
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a NORMAL

IMPAIRED RELAXATION

PSEUDONORMAL RESTRICTIVE

Fig. 1 Progression from normal diastolic function to worsening degrees of left ventricular diastolic dysfunction (LVDD). The top row a illustrates the

respective changes in left atrial (LA) and left ventricular (LV) pressures with the progression of LVDD. The middle and bottom rows show examples of
the patterns of transmitral blood flow (b) and of tissue Doppler imaging of the mitral annulus (c). These patterns are shown for each stage of LVDD,
with corresponding changes of the £ and e’ (early), and A and @’ (atrial) waves. From left to right, 2a: normal diastolic function (E>A; e’ > a'); 2b:

LVDD grade | (E<A; €' <a'); 2¢c: LVDD grade Il (E>A; ' <a'); 2d: LVDD grade lll (E>>A; e’ < a’)

performing Valsalva manoeuver), and more impor-
tantly it is probably more useful in the cardiology out-
patient setting rather than in the operating room or in
the ICU patients.

On the other hand, as shown in Fig. 1c,|changes in TDI
waves ¢’ and a’ are more unidirectional with the devel-
opment of LVDD. The @' is an excellent marker of global
atrial contraction and Fas simifar values at septal and lat-
eral [levels [18]. 1t correlaﬁym with LA ejection
fraction, LA ejection force and LA Kkinetic energy [19],
being [independent from the flow of bloo filling the LV
For this reason the @' does not become smaller, but rather
increases with progression of LV diaﬁﬁ sfunction
and with more vigorous LA contraction in am
the increased pressures. Only with advanced LA dilata-
tion reaching a threshold of fiber length, LA shor?mg
and contractility begin to |decline ﬁr to what hap-
pens for the LV (Frank—Stm cu% [20-23]. On the
other hand, the decline in A wave is likely to happen‘ear-
lier in the progression of LVDD, because it is related to
the reduction in transmitralwd‘ﬂow in the presence of
very hig lling|pressurel.

Therefore, there is a progressive| decrease in /| and a
consequent [increase in @ so that the €'/a ratio moves
gradually from> 1 to< I values; however, while ¢//a’ > 1
usually denotes a normal LV diastolic function and
e'la’ <1 is of restrictive pattern, it is more difficult to
use the e'/a’ ratio for the distinction between LVDD
grades I and II.

In general, this paragraph provides a summary that
may help readers in junderstanding the relationships
between the LA-to-LV gradient and the changes in
transmitral blood flow and mitral annular TDI dis-
placement. It is mandatory to keep in mind that the
interpretation of such parameters should take into
mfactors like patient’s history (i.e., chronic atrial
fibrillation—AF—may cause enlargement) and
physiologicaf factors (i.e., age influences cutoft for [E
wave). Moreover, the assessment becomes even more
challenging in the ICU where the echocardiographic
parameters can be affected by several mplfor
instance, the heart% (especially tac@ and the

use of vasopressors and/or inotropes influence the LV
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Grading of LVDD according to 2016
ASE/EACVI guidelines

GRADE 1LVDD
IMPAIRED
RELAXATION

3 parameters*:

E/e’ >14 GRADE 2 LVDD
PSEUDO-
TR jet >2.8cm/s NORMAL

LA vol. >34 ml/m?

EVALUATE
E/A ratio |
(and E
WAVE)
EVALUATE E/A=0.8-2.0
E/A ratio or
(and E E/A <0.8 and
WAVE) E <50 cm/s
\ E/A >2

RESTRICTIVE

> GRADE 3 LVDD

FILLING

*When only 2 parameters are available and only oneis positive, LVDD grade remains INDETERMINATE

Fig. 2 |Algorithm for grading of left ventricular diastolic dysfunction (LVDD) inoutpatients according to the 2016 American Society of
Echocardiography and European Association of Cardiovascular Imaging (ASE/EACVI) guidelines

diastolic properties; the E/A ratio may vary according
to non-hemodynamic factors such as mechanical ven-
tilation; and it is also of limited value in patients with
significant mitral and/or aortic valve disease, or before
fluid resuscitation has been carried out in critically ill
patients.

Impact of LVDD in the perioperative setting
Nowadays, surgery is performed without a true “age cut-
oft” with older and older patients undergoing surgical
procedures. Such patients have a large burden of comor-
bidities, including LVDD. However, the vast majority of
literature of LVDD in the perioperative setting includes
patients undergoing cardiac surgery or vascular surgery,
since these patients generally present a larger spectrum
of comorbidities, especially from cardiovascular perspec-
tives. Moreover, such patients are frequently monitored
perioperatively with TEE and thus real-time estimation
and monitoring of LVDD could be feasible, although it
should be kept in mind that TDI measures have not yet
been fully validated with TEE.

In patients undergoing cardiac surgery, LVDD corre-
lates with difficult weaning from cardiopulmonary bypass

and higher inotropic needs [24, 25]. Moreover, there is
some evidence of correlation between advanced LVDD
and postoperative AF after cardiac surgery [26, 27].

In patients undergoing major vascular surgery, preop-
erative isolated LVDD is more hequen! than 1soiaiea E)Q

systolic dystunction (43 vs. 8%, respectively) and, impor-
tantly, $ is an independent jpredictor of postopera-
tive HE and prolonged hospital stay, and it is associated
with postoperative ladverse cardiovascular| events and
long-term cardiovascular'mortality [28, 29].

While the impact of preoperative LVDD in these high-
risk surgical specialties is not unexpected, more uncer-
tainty reigns on the importance of LVDD in patient’s
outcome in other surgical specialties. In this regard, one
of the issues is the ethical concerns and potential value in
performing intraoperative TEE in patients with isolated
LVDD undergoing non-high-risk surgery. Cabrera-Schul-
meyer and Arriaza conducted an interesting study in
patients with cardiac comorbidities and undergoing non-
cardiac/non-vascular (abdominal, urological and ortho-
pedic) surgery. The authors stratified patients according
to preoperative normal (< 8), borderline (8—15) and high
(>15) Ele’ ratio, Patients with [borderline and fhigh' Z7¢
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had a higher incidence of perioperative lcomplications
(higher incidence of pulmonary edema at 24 h and 48 h,
arrhythmias) and longer ICU stay and hospital stay than
patients with normal E/e’. Moreover, patients with high
Ele! had significantly higher mortality as compared to
normal ratio (8 vs. 0%, respectively) [4].

While preoperative LVDD correlates with outcome, a
postoperative evaluation of patient’s diastolic function
should consider ruling out first the influence of |stress-
ors that may worsen diastolic function (i.e., pain-related
‘tachycardia ycardia reduces diastolic time, hypo- and hyperv-

ac
olemia may influence LV filling pressures, etc.).

Impact of LVDD in the intensive care

With respect to the role of LVDD in (non-cardiac sur-
gery) critically ill patients, the greater amount of research
is related to the role of LVDD in the outcome of sepsis
and in the/weaning from mechanical ventilation.

LVDD and sepsis

Septic shock is characterized by intense vasoplegia
requiring vasoactive therapy to restore blood pressure
[30]; however, it has become more evident over the past
years that |septic patients are affected by pronounced
myocardial dysfunction, which is possibly the result of
increased circulating [cytokine and |catecholamine levels
[14, 31]. We emphasize that, in case of overt septic shock
and in the absence of signs of other causes of shock, fluid
resuscitation should not be delayed in order to get infor-
mation on LV diastolic function from an advanced criti-
cal care echocardiography examination or by requesting
cardiology consultation. It is also likely that in patients
with pronounced hypovolemia (and vasoBleﬁia), the
parameters used for the ‘evaluation of LV diastolic func-
tion will undergo dram%Mes according to fluid
resuscitation and/or the start of vasopressor infusion. It
is pivotal understanding that assessment of LV diastolic
function|cannot be dissociated from evaluation of LV fill-
ﬁ pressure, which in certain group of patients under-
goes sudden clinical variations.

The so-defined septic |cardiomyopathy may involve
either the LV, the ﬁ_or oth, affecting [systolic and/or
diastolic| function. With all the limitations coming from
the use of LV ejection fraction for the evaluation
oflsystolic function, a meta-analysis found no association
bem\/ or RV systolic dysfunction and mortality in
patients with severe [sepsis or septic shock mhe
other hand, a subsequent meta-analysis demonstrated a
strong |association between LVDD and mortality in the
same population of critically ill patients and confirmed
also the jabsence of association between LV |systolic dys-
function and mortal: [6, 7]. Moreover, the same group
of authors recently showed that worse TDI parameters
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lower e’ and highel E/e’ ratio) are associated with mor-

m in [septic patients [5]. Interestingly, another meta-
analysis investigated the value of [speckle tracking
echocardiography in the [prognostic evaluation of septic
cardiomyopathy, showing that 'worse values of LV strain
are associated with [negative||outcome in septic patients
[33]. More research is warranted for speckle ‘tracking
echocardiography to understand if it could represent
a [better marker of |intrinsic [LV function in critically ill
patients. =

The association between LVDD and outcome in
patients with severe sepsis and septic shock may be
explained looking at the pathophysiology of sepsis. In
patients with [LVDD, the LV filling benefits from mainte-
nance of adequate preload, sinus|rhythm and/avoidance of
tachycardia, while sepsis causes sequential disturbances
at such levels since patients become relatively ‘hypov-
olemic, tachycardic and frequently develop arrhy%
with *l-. described in up to 23% of patients withm
shock [34, 35]. Septic patients are relatively hypovolemic
due to vasoplegia and increased capillary permeabil-
ity and higher venous capacitance. In fact, the recom-
mended first-line therapy for the treatment of sepsis is
to restore preload. In patients with LVDD|and increased
LV filling pressures there is probably a ‘narrow window
for optimizing fluid status. In these patients, even under
condition of theoretical “fluid-responsiveness,” a little
amount of fluid may precipitate pulmonary edema or
cause a hemodynamic collapse. Therefore, without any
delay in the initial fluid resuscitation of septic patients,
the subsequent preload optimization may benefit by
the knowledge of his/herm conditions, too, which
should be integrated with other variables. For instance,
patients with acute respiratory distress syndrome and/
or acute or pulmonale may not benefit from fluid due
to both hydrostatic worsening of non-cardiogenic pul-
monary edema and further RV dilatation. Patients with
severe RV dysfunction may suffer from extra amount of
fluids because the RV dilatation together with paradoxi-
cal septal motion hampers LV filling creating a [*LVDD-
like” condition by pushing the septal region and reducing

Eompliance. However, using an experimental model
of lung injury and high airway pressures, Katira et al. [36]
reported very low augmentation of LV filling pressure as
a consequence of RV failure, possibly as a consequence
of decreased venous return and/or increased pulmonary
vascular permeability.

Similarly, patients with at-least-moderate mitral regur-
gitation may worsen|their pulmonary function if an extra
amount of fluid| is administered [37]. Not only |preload
but fafterload too affects negatively the evaluation of LV
diasﬁ function. In this regard, LV clm Function
worsens as a consequence of increased afterload due to



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Sanfilippo et al. Ann. Intensive Care (2018) 8:100

hypertension [38] or related pharmacological [39] and
non-pharmacological (increased intra-abdominal pres-
sure [40]) factors. However, the main issues in this matter

and the consequent

In this respect
at the use o_
in septic patients
heart * and
properties , 44]. Another
hypothesis which has to be evaluated in the future is the
fact that septic patients with LVDD may have a worst tol-
erance to fluid expansion.
Concerning the_ ofFin_ it is worth
noting that a recent study b ancy et al. [45] found
that the application of for the evaluation

of LV diastolic function 1!en ified a

as compared to the previous
guidelines. This finding is interesting since a study in the
general population found _gresults (much lower
incidence of LVDD with new guidelines as compared to
the 2009 version), as previously discussed [12].

LVvDD and-from mechanical ventilation
During mechanical

A recent study investigated
integrated thoracic sonographic evaluation (respiratory,
cardiac and diaphragmatic) in predicting earl
bation respiratory distress. The

ost-extu-

uring thoracic ultrasound,
by echocardiography, the estimation of LV filling pres-
sure was predictive of post-extubation distress. On the

function and
of respira-

One study showed an association between weaning

but

failure and both lower LVEF and higher E/e’ [48
another one to show an‘between

49]. The presence of seems
with as shown
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by _- Konomi et al. [50] found an inde-
endent association between andm!
m, while Papanikolaou et al. oun
ateral E/e" as the only factor independently associated
with weaning failure possibly reflecting the association

between a higher degree of LVDD and weaning fail-
ure. Moschietto et al. [49] foundm
!'in the group and interestingly that e’ veloc-
ity increased in patients successfully weaned, while it
remained unchanged in those failing.

on this topic recently showed that the
of patients ﬁ a spontaneous breath-

and weaning from mechanical ventilation

ing tria
ani I!al structural

monary disease an
WiPO [52]. In a subgroup of patients with cardiac output
monitoring, the authors were able to show that‘is
associated with e and that a subse-

quent SBT is
and a more

. This study found
alance between patients with
but the first group had significantly
possibly reflecting a worse diastolic function [8]. In sup-
port of this hypothesis, patients monitored

with cardiac output showe! an increase in both global
en-distolc volue and el g wate
compared to non-WiPO failures where these remained

of the transi-
ventilation, where

How to-the patient with LVDD
The management of patients with LVDD can be

! and unfortunately, there is_ at rap-
idly improves LV diastolic function, pharmacologically

or non-pharmacologically. A graphical summary of sug-
gestions to manage the critically ill patients with LVDD
is provided in Fig. 3. Moreover,

could beneficially
have shown some

, an

eta K
and !-
cated arterial hypertension [53]. It is worth noting the

results of the first large randomized study on beta-block-
ers in patients with septic shock, with beneficial effects of
infusion as shown by a
, lower inotropic requirements
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and higher survival as compared to placebo. Both nega-
tive chronotropic and anti-arrhythmic effects of esmolol
may have had positive influence on LV diastolic function,
although the authors did not present echocardiographic
data and this hypothesis remains speculative.The same
group of authors recently showed an improved LV fill-
ing pattern and ventriculo-arterial couplln after esmolol
infusion inﬁpatients [54]; moreover,kune,ﬁ—
bolic and coa%ative effects of beta-blockers treatment
may result advantageous in pafients with sepsis [44]l
Another therapeutically plausible option for patients
with heart failure could be represented by the use of/angi-
otensin-converting enzyme inhibitors, which may r&%
LV remodeling and improve diastolic function [55-58].
However, the éffectsl of this class of drugs are evident in
the [long run M and their efficacy is not demonstrated
for LVDD in the acute setting. A potentiallym
drug that may ameliorate the hemodynamic profile of
septic patients may be represented by dexmedetomidine
(a-2 agonist), a sedative drug that has shown a possi-
ble reduction in catecholamines release associated with
increased blood pressure response to exogenous vaso-
pressors in experimental models of septic shock [59-62].
A clinical study has completed its enrollment (Clinical-
Trials.gov Identifier: NCT02638545), but more research
is 'warranted| before drawing any conclusion. Another
drug that has shown improvements of LV diastolic func-
tion is [levosimendan [63], and its properties are unique
if compared to catecholamines| (which usually worsen LV
diastolic functioTWp*osphodiesterase inhibitors
LV diastolic function remaining grosslylunchanged) [65].
However, (levosimendan has specific pharmacokinetic
and pharmacodynamic properties that make it not ideal
when the effect is needed|rapidly. _

In general, although can be potentially reversed
or [reduced in its magnitude with appropriate treatment
in the ang run, this seems rather |difficult in the acute
critically ill patients; since the pharmacological approach
to the optimization of diastolic function does not offer
rapid solutions at present, clinicians should probably
focus on the maintenance of the best loading conditions
for the patient with established LVDD. From a clinical
perspective, patients with LVDD grade I are usually more
easy to manage, but the dominance of the atrial filling
(E<A, see Fig. 1) makes them very sensible to the loss of
atrial filling (i.e., AF) in case of baseline reduced LVEFE.
Therefore, particular attention should be devoted to the
avoidance h [66].

“In case of patients with LVDD grade II, clinicians
should carefully evaluate the volume status. Indeed, such
patients are prone to develop pulmonary edema under
condition of hypervolemia; on the other hand, in case
of hypovolemia| the LA pressure decreases and patients
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Management of critically ill patients with LVDD

Avoid arrhythmias
and sustained
tachycardia

Reduce afterload
as possibile

Hemodynamic
optimization for
patients with LVDD

Use inotropes
without negative
lusitropism

Balance myocardial
0, demand and
supply

Consider fluid

administration
cautiously

Fig. 3 Suggestions for the management of critically il patients with
left ventricular diastolic dysfunction (LVDD)

lose their compensatory mechanism to maintain a “nor-
mal” LA-to-LV graaleni, and this situation can be further

aggravated by AF (loss of atrial contribution).

Patients with LVDD grade III are generally very frail
patients and, for instance, severe abnormalities in LV fill-
ing pattern can explain the case of patients with HF with
preserved LVEF, where patients are symptomatic despite
no gross alteration in LVEF. In the outpatients, these indi-
viduals benefit from cardiology consultation and opti-
mization, and they may also be considered for cardiac
resynchronization therapy in case of prolonge [67].
However, this option may not be easy in the acute phase
of critical illness [68]. It is the authors’ opinion that, if an
urgent intervention is needed, such patients should be
possibly managed by anesthesiologists with experience in
the cardiac setting and optimized using echocardiogra-
phy across the perioperative period.

Finally, because diastolic function is jaffected early dur-
ing myocardial ischemia (earlier than systolic function)
[69], attention should be paid to the factors associated
with myocardial hypoperfusion. Ensuring an appropri-
ate oxygen delivery to the LV by maintaining adequate
diastolic blood pressure (with careful approach especially
in patients with reduced arterial elastance and with risk
factors for—or known for—coronary artery disease), pos-
sibly reducing the heart rate and thus the myocardial oxy-
gen demand, and balancing the right level of LV afterload
should all be part of the clinician’s considerations when
approaching the patient with LVDD.

Conclusion

There is growing evidence on the contribution of dias-
tolic function to patients’Mbotb in the periopera-
tive setting and in the ICU. The assessment and grading
of diastolic |dysfunction remains challenging in these
patients, and the guidelines used in the outpatient setting
are not fully applicable. While pharmacological optimi-
zation remains difficult, especially with time constraints
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(urgency/emergency cases), a proactive management
aiming at maintaining adequate loading conditions and
an appropriate balance between myocardial oxygen
demand and delivery could be the best strategies in man-
aging patients with left ventricular diastolic dysfunction.

Abbreviations

LV: left ventricle; LVDD: left ventricular diastolic dysfunction; HF: heart failure;
ASE: American Society of Echocardiography; EACVI: European Association of
Cardiovascular Imaging; TR: tricuspid regurgitation; LA: left atrium; TDI: tissue
Doppler imaging; TTE: transthoracic echocardiography; TEE: transesophageal
echocardiography; RV: right ventricle; PEEP: positive end-expiratory pressure;
AF: atrial fibrillation; LVEF: left ventricular ejection fraction; SBT: spontaneous

breathing trial; WiPO: weaning-induced pulmonary edema.

Authors’ contributions

All the authors discussed the idea of writing a review on this topic. FS
wrote the first draft of the review. SS designed the figures. FS amended the
draft according to the feedback from SS, AM and AVB. All authors read and
approved the final manuscript.

Author details

! Department of Anesthesia and Intensive Care, IRCCS-ISMETT (Istituto Medi-
terraneo per i Trapianti e Terapie ad alta specializzazione), Palermo, Italy. > Unit
of Intensive Care Medicine, Department of Medical Biotechnologies, University
of Siena, Siena, Italy. > Department of Anaesthesiology and Intensive Care, Uni-
versity of Rome, “La Sapienza’, Rome, Italy. 4 Hospital Ambroise Paré, Assistance
Publique-Hopitaux de Paris, Boulogne, France.

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 5 June 2018 Accepted: 20 October 2018
Published online: 29 October 2018

References

1. Redfield MM, Jacobsen SJ, Burnett JC Jr, Mahoney DW, Bailey KR, Rode-
heffer RJ. Burden of systolic and diastolic ventricular dysfunction in the
community: appreciating the scope of the heart failure epidemic. JAMA.
2003;289:194-202.

2. Gandhi SK, Powers JC, Nomeir AM, Fowle K, Kitzman DW, Rankin KM,
Little WC. The pathogenesis of acute pulmonary edema associated with
hypertension. N Engl J Med. 2001,344:17-22.

3. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC, Commit-
tee ASA. Investigators: clinical presentation, management, and in-hospital
outcomes of patients admitted with acute decompensated heart failure
with preserved systolic function: a report from the Acute Decompen-
sated Heart Failure National Registry (ADHERE) Database. J Am Coll
Cardiol. 2006;47:76-84.

20.

21.

22.

23.

Page 10 of 12

Cabrera Schulmeyer MC, Arriaza N. Good prognostic value of the intra-
operative tissue Doppler-derived index E/e’after non-cardiac surgery.
Minerva Anestesiol. 2012,78:1013-8.

Sanfilippo F, Corredor C, Arcadipane A, Landesberg G, Vieillard-Baron A,
Cecconi M, Fletcher N. Tissue Doppler assessment of diastolic function
and relationship with mortality in critically ill septic patients: a systematic
review and meta-analysis. BJA: Br J Anaesth. 2017;119:583-94.
Sanfilippo F, Corredor C, Fletcher N, Landesberg G, Benedetto U, Foex

P, Cecconi M. Erratum to: Diastolic dysfunction and mortality in septic
patients: a systematic review and meta-analysis. Intensive Care Med.
2015;41:1178-9.

Sanfilippo F, Corredor C, Fletcher N, Landesberg G, Benedetto U, Foex P,
Cecconi M. Diastolic dysfunction and mortality in septic patients: a sys-
tematic review and meta-analysis. Intensive Care Med. 2015;41:1004-13.
Sanfilippo F, Santonocito C, Burgio G, Arcadipane A. The importance of
diastolic dysfunction in the development of weaning-induced pulmo-
nary oedema. Crit Care. 2017,21:29.

Bergstrom A, Andersson B, Edner M, Nylander E, Persson H, Dahlstrom U.
Effect of carvedilol on diastolic function in patients with diastolic heart
failure and preserved systolic function. Results of the Swedish Doppler-
echocardiographic study (SWEDIC). Eur J Heart Fail. 2004;6:453-61.

. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF Ill, Dokainish H, Edvardsen

T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P, Marino P, Oh JK,
Alexandru Popescu B, Waggoner AD. Recommendations for the evalua-
tion of left ventricular diastolic function by echocardiography: an update
from the American Society of Echocardiography and the European
Association of Cardiovascular imaging. Eur Heart J Cardiovasc Imaging.
2016;29:277-314.

. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA,

Waggoner AD, Flachskampf FA, Pellikka PA, Evangelisa A. Recommenda-
tions for the evaluation of left ventricular diastolic function by echocardi-
ography. Eur J Echocardiogr. 2009;10:165-93.

. Almeida JG, Fontes-Carvalho R, Sampaio F, Ribeiro J, Bettencourt P,

Flachskampf FA, Leite-Moreira A, Azevedo A. Impact of the 2016 ASE/
EACVI recommendations on the prevalence of diastolic dysfunction in
the general population. Eur Heart J Cardiovasc Imaging. 2017;19:380-6.
Juhl-Olsen P, Hermansen JF, Frederiksen CA, Rasmussen LA, Jakobsen CJ,
Sloth E. Positive end-expiratory pressure influences echocardiographic
measures of diastolic function: a randomized, crossover study in cardiac
surgery patients. Anesthesiology. 2013;119:1078-86.

Vieillard-Baron A, Cecconi M. Understanding cardiac failure in sepsis.
Intensive Care Med. 2014;40:1560-3.

Bakkestrom R, Andersen MJ, Ersboll M, Bro-Jeppesen J, Gustafsson F,
Kober L, Hassager C, Moller JE. Early changes in left atrial volume after
acute myocardial infarction. Relation to invasive hemodynamics at rest
and during exercise. Int J Cardiol. 2016,223:717-22.

Hoit BD, Shao Y, Gabel M. Influence of acutely altered loading con-
ditions on left atrial appendage flow velocities. J Am Coll Cardiol.
1994,24:1117-23.

Ho CY, Solomon SD. A clinician’s guide to tissue Doppler imaging. Circula-
tion. 2006;113:€396-8.

Lindstrom L, Wranne B. Pulsed tissue Doppler evaluation of mitral
annulus motion: a new window to assessment of diastolic function. Clin
Physiol. 1999;19:1-10.

Khankirawatana B, Khankirawatana S, Peterson B, Mahrous H, Porter TR.
Peak atrial systolic mitral annular velocity by Doppler tissue reliably pre-
dicts left atrial systolic function. J Am Soc Echocardiogr. 2004;17:353-60.
Blondheim DS, Osipov A, Meisel SR, Frimerman A, Shochat M, Shotan A.
Relation of left atrial size to function as determined by transesophageal
echocardiography. Am J Cardiol. 2005;96:457-63.

Okamoto M, Tsubokura T, Morishita K, Nakagawa H, Yamagata T, Kawagoe
T, Hondo T, Tsuchioka Y, Matsuura H, Kajiyama G. Effects of volume load-
ing on left atrial systolic time intervals. J Clin Ultrasound. 1991;19:405-11.
Prioli A, Marino P, Lanzoni L, Zardini P. Increasing degrees of left ven-
tricular filling impairment modulate left atrial function in humans. Am J
Cardiol. 1998,82:756-61.

Triposkiadis F, Tentolouris K, Androulakis A, Trikas A, Toutouzas K, Kyri-
akidis M, Gialafos J, Toutouzas P. Left atrial mechanical function in the
healthy elderly: new insights from a combined assessment of changes
in atrial volume and transmittal flow velocity. J Am Soc Echocardiogr.
1995;8:801-9.



Sanfilippo et al. Ann. Intensive Care

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

(2018) 8:100

Bernard F, Denault A, Babin D, Goyer C, Couture P, Couturier A, Buithieu J.
Diastolic dysfunction is predictive of difficult weaning from cardiopulmo-
nary bypass. Anesth Analg. 2001;92:291-8.

Licker M, Cikirikcioglu M, Inan C, Cartier V, Kalangos A, Theologou T, Cas-
sina T, Diaper J. Preoperative diastolic function predicts the onset of left
ventricular dysfunction following aortic valve replacement in high-risk
patients with aortic stenosis. Crit Care. 2010;14:R101.

Chua SK, Shyu KG, Lu MJ, Hung HF, Cheng JJ, Lee SH, Lin CH, Chao

HH, Lo HM. Association between renal function, diastolic dysfunction,
and postoperative atrial fibrillation following cardiac surgery. Circ J.
2013;77:2303-10.

Lacalzada J, Jimenez JJ, Iribarren JL, de la Rosa A, Martin-Cabeza M, Izqui-
erdo MM, Mari-Lopez B, Garcia-Gonzalez MJ, Jorge-Perez P, Barragan A,
Laynez |. Early transthoracic echocardiography after cardiac surgery pre-
dicts postoperative atrial fibrillation. Echocardiography. 2016;33:1300-8.
Flu WJ, van Kuijk JB, Hoeks SE, Kuiper R, Schouten O, Goei D, Elhendy A,
Verhagen HJ, Thomson IR, Bax JJ, Fleisher LA, Poldermans D. Prognostic
implications of asymptomatic left ventricular dysfunction in patients
undergoing vascular surgery. Anesthesiology. 2010;112:1316-24.

Matyal R, Hess PE, Subramaniam B, Mitchell J, Panzica PJ, Pomposelli

F, Mahmood F. Perioperative diastolic dysfunction during vascular
surgery and its association with postoperative outcome. J Vasc Surg.
2009;50:70-6.

Antonelli M, Bonten M, Chastre J, Citerio G, Conti G, Curtis JR, De Backer
D, Hedenstierna G, Joannidis M, Macrae D, Mancebo J, Maggiore SM,
Mebazaa A, Preiser JC, Rocco P, Timsit JF, Wernerman J, Zhang H. Year

in review in Intensive Care Medicine 2011. II. Cardiovascular, infections,
pneumonia and sepsis, critical care organization and outcome, educa-
tion, ultrasonography, metabolism and coagulation. Intensive Care Med.
2012;38:345-58.

Beesley SJ, Weber G, Sarge T, Nikravan S, Grissom CK, Lanspa MJ, Shahul S,
Brown SM. Septic cardiomyopathy. Crit Care Med. 2018;46:625-34.
Huang SJ, Nalos M, McLean AS. Is early ventricular dysfunction or dilata-
tion associated with lower mortality rate in adult severe sepsis and septic
shock? A meta-analysis. Crit Care. 2013;17:R96.

Sanfilippo F, Corredor C, Fletcher N, Tritapepe L, Lorini FL, Arcadipane A,
Vieillard-Baron A, Cecconi M. Left ventricular systolic function evaluated
by strain echocardiography and relationship with mortality in patients
with severe sepsis or septic shock: a systematic review and meta-analysis.
Crit Care. 2018;22:183.

Kuipers S, Klein Klouwenberg PM, Cremer OL. Incidence, risk factors and
outcomes of new-onset atrial fibrillation in patients with sepsis: a system-
atic review. Crit Care. 2014;18:688.

Makrygiannis SS, Margariti A, Rizikou D, Lampakis M, Vangelis S,
Ampartzidou OS, Katsifa K, Tselioti P, Foussas SG, Prekates AA. Incidence
and predictors of new-onset atrial fibrillation in noncardiac intensive care
unit patients. J Crit Care. 2014,29(697):e1-5. https://doi.org/10.1016/j.
jcrc.2014.03.029 Epub 2014 Apr 4.

Katira BH, Giesinger RE, Engelberts D, Zabini D, Kornecki A, Otulakowski G,
Yoshida T, Kuebler WM, McNamara PJ, Connelly KA, Kavanagh BP. Adverse
heart-lung interactions in ventilator-induced lung injury. Am J Respir Crit
Care Med. 2017;196:1411-21.

Sanfilippo F, Scolletta S. Fluids in cardiac surgery: sailing calm on a stormy
sea? Common sense is the guidance. Minerva Anestesiol. 2017,83:537-9.
Krzesinski P, Uzieblo-Zyczkowska B, Gielerak G, Stanczyk A, Kurpaska M,
Piotrowicz K. Global longitudinal two-dimensional systolic strain is associ-
ated with hemodynamic alterations in arterial hypertension. J Am Soc
Hypertens. 2015;9:680-9.

Ros M, Azevedo ER, Newton GE, Parker JD. Effects of nitroprusside

on cardiac norepinephrine spillover and isovolumic left ventricular
relaxation in the normal and failing human left ventricle. Can J Cardiol.
2002;18:1211-6.

Alfonsi P, Vieillard-Baron A, Coggia M, Guignard B, Goeau-Brissonniere O,
Jardin F, Chauvin M. Cardiac function during intraperitoneal CO2 insuf-
flation for aortic surgery: a transesophageal echocardiographic study.
Anesth Analg. 2006;102:1304-10.

Janssen PM, Periasamy M. Determinants of frequency-dependent
contraction and relaxation of mammalian myocardium. J Mol Cell Cardiol.
2007;43:523-31.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 11 of 12

Joulin O, Marechaux S, Hassoun S, Montaigne D, Lancel S, Neviere R. Car-
diac force-frequency relationship and frequency-dependent acceleration
of relaxation are impaired in LPS-treated rats. Crit Care. 2009;13:R14.
Morelli A, Ertmer C, Westphal M, Rehberg S, Kampmeier T, Ligges S,
Orecchioni A, D'Egidio A, D'lppoliti F, Raffone C, Venditti M, Guarracino

F, Girardis M, Tritapepe L, Pietropaoli P, Mebazaa A, Singer M. Effect of
heart rate control with esmolol on hemodynamic and clinical out-
comes in patients with septic shock: a randomized clinical trial. JAMA.
2013;310:1683-91. https://doi.org/10.1001/jama.2013.278477.
Sanfilippo F, Santonocito C, Morelli A, Foex P. Beta-blocker use in severe
sepsis and septic shock: a systematic review. Curr Med Res Opin.
2015;31:1817-25.

Clancy DJ, Scully T, Slama M, Huang S, McLean AS, Orde SR. Application
of updated guidelines on diastolic dysfunction in patients with severe
sepsis and septic shock. Ann Intensive Care. 2017;7:121.

Dres M, Teboul JL, Anguel N, Guerin L, Richard C, Monnet X. Passive leg
raising performed before a spontaneous breathing trial predicts wean-
ing-induced cardiac dysfunction. Intensive Care Med. 2015;41:487-94.
Silva S, Ait Aissa D, Cocquet P, Hoarau L, Ruiz J, Ferre F, Rousset D, Mora
M, Mari A, Fourcade O, Riu B, Jaber S, Bataille B. Combined thoracic ultra-
sound assessment during a successful weaning trial predicts postextuba-
tion distress. Anesthesiology. 2017;127:666-74.

Caille V, Amiel JB, Charron C, Belliard G, Vieillard-Baron A, Vignon P. Echo-
cardiography: a help in the weaning process. Crit Care. 2010;14:R120.
Moschietto S, Doyen D, Grech L, Dellamonica J, Hyvernat H, Bernardin G.
Transthoracic echocardiography with Doppler tissue imaging predicts
weaning failure from mechanical ventilation: evolution of the left ventri-
cle relaxation rate during a spontaneous breathing trial is the key factor
in weaning outcome. Crit Care. 2012;16:R81.

Konomi |, Tasoulis A, Kaltsi |, Karatzanos E, Vasileiadis |, Temperikidis P,
Nanas S, Routsi Cl. Left ventricular diastolic dysfunction—an independ-
ent risk factor for weaning failure from mechanical ventilation. Anaesth
Intensive Care. 2016;44:466-73.

Papanikolaou J, Makris D, Saranteas T, Karakitsos D, Zintzaras E, Karabinis
A, Kostopanagiotou G, Zakynthinos E. New insights into weaning from
mechanical ventilation: left ventricular diastolic dysfunction is a key
player. Intensive Care Med. 2011,37:1976-85.

Liu J, Shen F, Teboul JL, Anguel N, Beurton A, Bezaz N, Richard C, Monnet
X. Cardiac dysfunction induced by weaning from mechanical ventilation:
incidence, risk factors, and effects of fluid removal. Crit Care. 2016;20:369.
Galderisi M, D'Errico A, Sidiropulos M, Innelli P, de Divitiis O, de Simone G.
Nebivolol induces parallel improvement of left ventricular filling pressure
and coronary flow reserve in uncomplicated arterial hypertension. J
Hypertens. 2009;27:2108-15.

Morelli A, Singer M, Ranieri VM, D'Egidio A, Mascia L, Orecchioni A,
Piscioneri F, Guarracino F, Greco E, Peruzzi M, Biondi-Zoccai G, Frati

G, Romano SM. Heart rate reduction with esmolol is associated with
improved arterial elastance in patients with septic shock: a prospective
observational study. Intensive Care Med. 2016;42:1528-34.

Chang NGC, Shih CM, Bi WF, Lai ZY, Lin MS, Wang TC. Fosinopril improves
left ventricular diastolic function in young mildly hypertensive patients
without hypertrophy. Cardiovasc Drugs Ther. 2002;16:141-7.
Siegmund T, Schumm-Draeger PM, Antoni D, Bibra HV. Beneficial effects
of ramipril on myocardial diastolic function in patients with type 2 dia-
betes mellitus, normal LV systolic function and without coronary artery
disease: a prospective study using tissue Doppler. Diab Vasc Dis Res.
2007;4:358-64.

Yalcin F, Aksoy FG, Muderrisoglu H, Sabah I, Garcia MJ, Thomas JD. Treat-
ment of hypertension with perindopril reduces plasma atrial natriuretic
peptide levels, left ventricular mass, and improves echocardiographic
parameters of diastolic function. Clin Cardiol. 2000;23:437-41.

Zhang Q, ChenY, Liu Q, Shan Q. Effects of renin-angiotensin-aldosterone
system inhibitors on mortality, hospitalization, and diastolic function in
patients with HFpEF. A meta-analysis of 13 randomized controlled trials.
Herz. 2016;41:76-86.

Geloen A, Chapelier K, Cividjian A, Dantony E, Rabilloud M, May CN, Quin-
tin L. Clonidine and dexmedetomidine increase the pressor response

to norepinephrine in experimental sepsis: a pilot study. Crit Care Med.
2013;41:e431-8.

Hernandez G, Tapia P, Alegria L, Soto D, Luengo C, Gomez J, Jarufe N,
Achurra P, Rebolledo R, Bruhn A, Castro R, Kattan E, Ospina-Tascon G,


https://doi.org/10.1016/j.jcrc.2014.03.029
https://doi.org/10.1016/j.jcrc.2014.03.029
https://doi.org/10.1001/jama.2013.278477

Sanfilippo et al. Ann. Intensive Care

61.

62.

63.

64.

(2018) 8:100

Bakker J. Effects of dexmedetomidine and esmolol on systemic hemo-
dynamics and exogenous lactate clearance in early experimental septic
shock. Crit Care. 2016;20:234.

Lankadeva YR, Booth LC, Kosaka J, Evans RG, Quintin L, Bellomo R, May
CN. Clonidine restores pressor responsiveness to phenylephrine and
angiotensin Il in ovine sepsis. Crit Care Med. 2015;43:e221-9.

Miranda ML, Balarini MM, Bouskela E. Dexmedetomidine attenuates the
microcirculatory derangements evoked by experimental sepsis. Anesthe-
siology. 2015;122:619-30.

Malik V, Subramanian A, Hote M, Kiran U. Effect of levosimendan on

diastolic function in patients undergoing coronary artery bypass grafting:

a comparative study. J Cardiovasc Pharmacol. 2015;66:141-7.
Tarvasmaki T, Lassus J, Varpula M, Sionis A, Sund R, Kober L, Spinar J, Paris-
sis J, Banaszewski M, Silva Cardoso J, Carubelli V, Di Somma S, Mebazaa A,
Harjola VP. Current real-life use of vasopressors and inotropes in cardio-
genic shock—adrenaline use is associated with excess organ injury and
mortality. Crit Care. 2016;20:208.

65.

66.

67.

68.

69.

Page 12 of 12

Couture P, Denault AY, Pellerin M, Tardif JC. Milrinone enhances systolic,
but not diastolic function during coronary artery bypass grafting surgery.
Can J Anaesth. 2007;54:509-22.

Vieillard-Baron A, Boyd J. Non-antiarrhythmic interventions in new onset
and paroxysmal sepsis-related atrial fibrillation. Intensive Care Med.
2018;44:94-7.

Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger
L, Tavazzi L. The effect of cardiac resynchronization on morbidity and
mortality in heart failure. N Engl J Med. 2005;352:1539-49.

Rinaldi C, Auricchio A, Prinzen F. Left ventricular endocardial pacing for
the critically ill. Intensive Care Med. 2018;44:915-7.

Schwarzl M, Huber S, Maechler H, Steendijk P, Seiler S, Truschnig-Wilders
M, Nestelberger T, Pieske BM, Post H. Left ventricular diastolic dysfunction
during acute myocardial infarction: effect of mild hypothermia. Resuscita-
tion. 2012;83:1503-10.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Practical approach to diastolic dysfunction in light of the new guidelines and clinical applications in the operating room and in the intensive care
	Abstract 
	Background
	Main text
	Recent guidelines and their applicability in the perioperative and intensive care settings
	Clinical and echocardiographic findings of different grades of LVDD
	Impact of LVDD in the perioperative setting
	Impact of LVDD in the intensive care
	LVDD and sepsis
	LVDD and weaning from mechanical ventilation

	How to manage the patient with LVDD
	Conclusion
	Authors’ contributions
	References


