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ABSTRACT

Aim: Critically ill individuals may have left ventricular diastolic dysfunction (LVDD) which can prolong their intensive care unit (ICU) stay. The
purpose of this study was to determine the prevalence of LVDD in critically ill adult patients requiring mechanical ventilation in ICU, the effect
of LVDD on 28-day survival, and weaning from mechanical ventilation.

Methodology: A total of 227 adults who had been on mechanical ventilation for more than 48 hours in an ICU were recruited for this study. The
study’s parameters were recorded on the third day of mechanical ventilation using a low-frequency phased array probe. A simplified definition
of LVDD in critically ill adults was utilized to determine the presence or absence of LVDD. Weaning failure and 28-day mortality were noted.

Results: The prevalence of LVDD in adults requiring mechanical ventilation in the ICU was found to be 35.4% (n = 79). Patients with LVDD had
the odds of having a 28-day mortality increase by 7.48 (95% Cl: 3.24-17.26, p < 0.0001). Patients with LVDD had the odds of having weaning
failure increase by 5.37 (95% Cl: 2.17-13.26, p = 0.0003).

Conclusion: Measures should be taken to detect critically ill adults with LVDD with systolic dysfunction or heart failure with preserved ejection
fraction early so that their fluid balance, myocardial contractility, and afterload can be optimized to minimize their morbidity and mortality.

Highlights: Critically ill adults with LVDD may have adverse outcomes. Hence, protocol should be in place for diagnosing LVDD early in critically

ill adults thereby, measures can be taken to minimize morbidity in those patients.
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INTRODUCTION

Critically ill individuals are more likely to develop hemodynamic
instability, and this unstable hemodynamic state might eventually
lead to multi-organ dysfunction. It frequently occurs after a
period of physiological decline. The primary goal of current alert
algorithms is to recognize circumstances that pose a threat to life.'
Hemodynamic monitoring is used to direct medical care toward
curing or preventing organ failure as well as lowering morbidity
and mortality. There are numerous invasive and non-invasive
monitoring methods. Each of them has its own benefits and
drawbacks. Nowadays, bedside transthoracic echocardiography
(TTE) is one of the most adaptable diagnostic and therapeutic
methods for monitoring individuals with hemodynamicinstability.
It has now become the go-to technique for quick, precise
evaluation of heart function in the intensive care unit (ICU). While
performing an echocardiographic evaluation on individuals who
have diastolic dysfunction, one should look for signs of reduced
left ventricular (LV) relaxation, decreased restoring forces, and
increased diastolic stiffness, which will provide information on the
disease’s progression.

Left ventricular diastolic dysfunction (LVDD) is frequently
overlooked, in contrast to systolic dysfunction (LVSD). Individuals
with LVDD may have co-existing LV systolic dysfunction or normal
systolic function (Heart Failure with Preserved Ejection Fraction
[HFPEF]).? It has been established that LVDD is a standalone
risk factor for higher mortality in the ICU.3"® Moreover, it is
also a significant factor in delayed weaning from mechanical
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ventilation.”” ' There has not been any research on the prevalence
of LVDD in the population of the Indian subcontinent. This study
was designed with the primary objective as to study the prevalence
of LVDD in adults requiring mechanical ventilation in ICU, and with
secondary objectives as to study the effects of LVDD on 28-day
survival and weaning failure.

©TheAuthor(s). 2024 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


https://orcid.org/0009-0001-8798-5978
https://orcid.org/0000-0001-8418-5046
https://orcid.org/0000-0001-9017-5311
https://orcid.org/0000-0003-2953-3938
https://orcid.org/0000-0002-1692-3892
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

LV Diastolic Dysfunction in ICU and Outcomes

METHODOLOGY

After obtaining approval from the IEC (Ref.no: JIP/ IEC/ 2021/ 0133),
the study was registered in the Clinical Trial Registry-India (Reg.no:
CTRI/2021/10/037633). Adult patients admitted to ICU requiring
mechanical ventilation at least for 48 hours were recruited in this
study (patients were recruited on the third day of mechanical
ventilation). Patients with documented pre-existing mitral valvular
lesions were excluded from this study. After obtaining informed
written consent from the patient’s legally acceptable representative,
adult patients who had been on mechanical ventilation for more
than 48 hoursin the ICU were recruited for this study. On the first day
of admission to the ICU, information about the patient’s age, height,
weight, gender, diagnosis, the reason they were put on a ventilator,
and theiracute physiology and chronic health evaluation (APACHE Il)
score were recorded. On the day of the study, a sequential organ
failure assessment (SOFA) score was obtained. From the patient’s
history, prior medical records, and most recent investigations, it was
possible to determine whether they had comorbid conditions like
diabetes mellitus (DM), hypertension (HTN), coronary artery disease
(CAD), dyslipidemia, congestive cardiac failure (CCF), chronic kidney
disease (CKD), chronic obstructive pulmonary disease (COPD),
hepatic cirrhosis, and any arrhythmias. The patient’s heart rate
(HR), oxygen saturation (SpO,), systolic, diastolic,and mean arterial
blood pressures (SBP, DBP, and MAP) were recorded just before the
measurement of the study parameters. The attending intensivist
made the decisions about the mechanical ventilation settings.
The study’s parameters were recorded using a low-frequency
phased array probe (1-5 mHz, My LabX5, Esaote, Genova, Italy). On
the third day of mechanical ventilation in the CCU, during a stable
hemodynamic window, the research parameters were recorded.
In this study, a stable hemodynamic window is defined as the
avoidance of fluid boluses or a change in the dose of a vasopressor
or inotropic drug for at least 2 hours. An intensive care physician
who has had experiencein TTE for at least 1 year recorded the study
parameters. An apical four-chamber (A4C) view was obtained by
placing the echocardiographic probe over the apical impulse and
keeping the probe horizontal with the orientation marker facing
toward the left. In A4C view, pulse wave Doppler (PWD) sampling
was obtained at the mitral valvular leaflet tips to obtain the E wave,
which represents early passive diastolic filling, and the A wave,
which results from atrial contraction. The deceleration time was
obtained from the E wave. The machine calculated the E/A ratio.
Tissue Dopplerimaging (TDI) was utilized to measure mitral annular
peak velocities. Tissue Doppler sampling was performed at the
septal mitral annulus to obtain septal e’; it was performed in the
lateral mitral annulus to obtain lateral e’. The machine calculated
the average E/e"."" The left atrial volume index (LAVI) was obtained
by measuring its length and transverse diameter in A4C, or apical
2 chamber view, one to two frames prior to the opening of the
mitral valve. Tricuspid regurgitation maximum velocity (TR V,,,,)
was obtained by placing the continuous wave Doppler (CWD) at
theregurgitant jet area (located by color flow Doppler) in A4C view.
The simplified definition of LVDD in critically ill adults was utilized
to diagnose LVDD in this study.'? Patients with septal mitral annular
velocity (septal ’) of less than 8 cmS™" were categorized as LVDD
and patients with septal e’ of >8 cmS™" were considered as having
normal LV diastolic function (Fig. 1). The findings from this study
were shared with the treating doctors, and the decision to treat
based on the findings from this study was left to their discretion.
Weaning failure, in this study, was defined as the requirement of
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Fig. 1: Simplified criteria for diagnosing LVDD in critically ill adults

LVDD, left ventricular diastolic dysfunction; Septal e’ velocity, septal mitral
annular velocity
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Fig. 2: STROBE diagram of this study

any form of ventilatory support within 48 hours of extubation.
The patient’s survival outcome at 28 days after recruitment in
this study was noted. With an observed prevalence of 83% LVDD
in critically ill adults in a study performed by Rolando et al.,"* the
sample size has been calculated with an effect size of 1 and with
absolute precision of 5%. The initial sample size was calculated as
207 and to compensate for the 10% dropouts, the final sample size
had been calculated as 227.

REesuLTs

Data was analyzed using SPSS for Windows version 20. The
association between LVDD and 28-day mortality and weaning
failure was analyzed with a chi-square test. Multivariate logistic
regression was carried out to determine if the outcomes, “28-day
mortality” and “weaning failure,” were influenced by independent
variables. A total of 246 patients were screened for this study and
19 were excluded due to pre-existing mitral valvular lesions and
unstable hemodynamics. Out of 227 recruited patients, 4 were
withdrawn due to poor echogenic window (Fig. 2). Among the
recruited patients, 56.5% were males and 43.5% were females.
Recruited patients had a mean age of 43.2 + 18.8 years, mean BMI
0f 23.3 + 3.0 kg.m™2, mean APACHE-Il of 22.8 + 8.6, and mean SOFA
score of 6.1 + 2.5. Details of the primary etiology for which patients
were admitted into the ICU were depicted as follows (Table 1).
The prevalence of LVDD in adults requiring mechanical
ventilation in the ICU was found to be 35.4% (n =79). The incidence
of 28-day mortality among the patients with LVDD was found to
be 35% (28 patients out of 79), while it was 7.64% (11 out of 144)
in patients without LVDD which was statistically significant [Odds
ratio (OR) 6.64; 95% confidence interval (Cl): 3.08-14.32; p < 0.001].
Mean E/e’ in patients with LVDD was 7.88 + 3.6 and 5.31 + 143 in
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Table 1: Primary etiology for which patients were admitted to ICU

Table 2: Multivariate logistic regression for 28-day mortality as outcome

Diagnosis Number of patients (%)
Thoracic trauma 11 (5.38%)
Abdominal trauma 16 (10.31%)
Traumatic brain injury 17 (7.62%)
Polytrauma (multiple bony injuries) 19 (8.52%)
Acute coronary syndrome 15 (6.72%)
Oxygenation failure 27 (16.14%)
Ventilation failure 14 (6.27%)
Immunological disorders 9 (4%)
Pneumonia 11 (4.93%)
Post-renal transplantation (due to 3(1.34%)
systemic infections)

Organophosphorus poisoning 17 (7.62%)
Snake bite 5(2.24%)
Meningitis 18 (8.07%)
Guillain-Barre syndrome 2 (0.89%)
Diabetic ketoacidosis 7 (3.1%)
Hypokalemic periodic paralysis 2 (0.89%)

Post-operative (esophagectomy, 21(9.41%)
Whipple procedure, pheochromocytoma,

gastrectomies)
Post-cardiac arrest 7 (3.1%)

Anaphylactic shock 2 (0.89%)

patients without LVDD, p < 0.001. Left ventricular filling pressures
revealed a statistically significant difference as measured by E/e’
between patients who survived and died at 228 days [Mean E/e’ in
patients with 28-day mortality was 7.89 4.22 vs 5.87 2.13 in patients
who survived, p = 0.016]. The incidence of weaning failure among
patients with LVDD was 25.32% (20 out of 79), while it was 6.94%
(10 out of 144) in patients without LVDD (OR 4.54; 95% Cl: 2.0-10.3);
p < 0.001] and this was statistically significant.

Patients with LVDD had the odds of having a 28-day mortality
increase by 7.48 [95% Cl: 3.24 -17.26, p < 0.0001] (Table 2). Patients
requiring vasopressors during ICU stay had the odds of having a
28-day mortality increase by 2.28 [95% Cl: 1.04-4.99, p = 0.04].
Among patients with LVDD, 25 (31.6%) had LV systolic dysfunction
and 54 (68.7%) had HFpEF.

Patients with LVDD had the odds of having weaning failure
increase by 5.37 (95% Cl: 2.17 left ventricular13.26, p = 0.0003)
(Table 3).

Discussion

This study primarily aimed to determine the prevalence of
LVDD in adults requiring positive pressure ventilation in the
ICU. Left ventricular diastolic dysfunction was diagnosed with a
simplified definition of LVDD in critically ill adults by Lanspa et al.
Approximately one-third of the recruited patients in this study [79
(35.4%)] had LVDD. The prevalence of LVDD in several investigations
that have been published in the literature has ranged from 10 to
84%. During the first 24 hours of their admission to critical care,
Cavefors et al. performed echocardiograms on 218 patients, of
whom 21 (10%) showed diastolic dysfunction and 35 (17%) had
an indeterminate diastolic function.'* Gonzalez et al. conducted a
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95% Confidence interval

Variables Odds ratio Lower Upper p-value
Age 1.01 0.992 1.04 0.223
APACHE Il 1.09 1.04 1.13 0.16
Vasopressors need 2.28 1.04 4.99 0.04*
Left ventricular 7.48 3.24 17.26 <0.0001*
diastolic
dysfunction

*p < 0.05

Table 3: Multivariate logistic regression for weaning failure as outcome

95% Confidence interval

Variables Odds ratio Lowerrange Upperrange  p-value
Age 1.02 0.992 1.04 0.202
APACHE Il 1.11 1.06 1.16 <0.0001
Vasopressors

need 0.976 0.384 2.48 0.95
Left ventricular

diastolic

dysfunction 537 2.17 13.26 0.0003*
*p < 0.05

retrospective study and found that 31% of recruited 223 patients
in septic shock in a medical-surgical ICU were found to have LVDD
which was similar to our study.’ In a prospective study by Pulido
etal.,, TTE was performed within 24 hours of ICU admission for 106
patients with severe sepsis or septic shock."” They discovered that
39 individuals (37%) had LV dysfunction. Rolando et al. performed
99 echocardiograms on 53 septic adults.* 83 percent had LVDD
among them. Hong et al. found that 39 (24.1%) had LVDD among
162 critically ill patients with sepsis.'® According to Clancy et al,,
20 (54%) of the 37 patients having severe sepsis or septic shock with
normal systolic function studied on day 3 had diastolic dysfunction,
and 6 (16%) had indeterminate diastolic dysfunction.”

One of the secondary objectives of this study was to study
the incidence of 28-day mortality among patients with diastolic
dysfunction. The incidence of 28-day mortality among the patients
with LVDD was found to be 35% and it was 7.64% in patients without
LVDD. The risk of 28 days mortality increased by 7.48 odds [95% Cl:
3.24-17.26, p < 0.0001] in patients with LVDD. 2 echocardiography
exams were performed on 262 adults with severe sepsis or septic
shock and among them, 40.4% of patients with LVDD passed away
while receiving hospital treatment, according to Landesberg et al.3
Gonzalez et al. studied the prognostic significance of LVDD in septic
shock patients.” Compared to their counterparts, non-survivors
tended to have a larger percentage of LV diastolic dysfunction
[28/78 (36%) vs 41/145 (28%)]. Intensive care unit mortality was
48% among the 72 cancer patients who were admitted and had
echocardiography within 48 hours of developing septic shock,
according to Mourad et al.® It was higher among those with diastolic
dysfunction than among individuals without the condition, which
was 71% vs 21% (p = 0.0001). Hong et al. found that LVDD was
associated with mortality (Hazard ratio: 2.7; p = 0.047).'° A study
by Sturgess et al. on 21 adults from an ICU. Echocardiography
was performed within 72 hours of developing septic shock and
demonstrated a hospital mortality of 29%.'8
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Notice that HFpEF attributes more than 50% of hospitalized
patients with heart failure. Incidence of HFpEF increases with age,
and comorbid conditions like hypertension, chronic kidney disease,
atrial fibrillation, and obesity."” Prevalence of HFpEF in ICU was
68.7% in this study.

Determining the prevalence of weaning failure among
individuals with LVDD was the study’s other secondary objective.
In our study, weaning failure was defined as the requirement of
ventilatory support within 48 hours of extubation. The incidence
of weaning failure among patients with LVDD was 25.32% and
it was 6.94% in patients without LVDD. The risks of weaning
failure increased by 5.37 odds (95% Cl: 2.17-13.26, p = 0.0003) in
patients with LVDD. In a study by Papanikolaou et al., 50 critical
care patients with no pre-existing heart conditions underwent
echocardiography before and after spontaneous breathing
trials (SBT) (pre-SBT/end-SBT, respectively).” 28 patients (or
56%) were unable to wean; of these, 23 had SBT failures, and
5 needed to be reintubated within 48 hours. Patients with LVDD
at pre-SBT were associated with weaning failure (p = 0.01). By
using Cox regression analysis, they observed that LVDD required
the association of a positive fluid balance with age rather than
being a solitary predictor of weaning failure. Moschietto et al.
included 68 patients who were on positive pressure ventilation
for >48 hours.” The authors performed TTE before the SBT and
10 minutes after the commencement of the SBT. Left ventricular
diastolic dysfunction was defined as annulus mitral velocity
(e') <8 cmS™'. 20 failed the weaning process. The cut-off value,
obtained from receiver operating characteristics (ROC) curve
analysis, to predict weaning failure gave a sensitivity and
specificity of E/e’ ratio during SBT in predicting weaning failure
as 75 and 95.8%, respectively. Hence, they concluded that
measurement of the E/e’ ratio could predict weaning failure, and
LVDD was strongly associated with weaning failure. A systematic
review and meta-analysis that included 11 studies was carried out
by Sanfilippo et al.'” Weaning failure was strongly associated with
alower e’ wave [standardized mean difference (SMD) =-1.22,95%
Cl: (-2.33to -0.11); p = 0.03], a greater E wave [SMD = 0.97,95% Cl:
(0.29-1.65); p = 0.005], and a higher E/e’ ratio [SMD = 1.70, 95%
Cl: (0.78-2.62); p < 0.001]. They concluded that weaning failure
was associated with parameters indicating worse LV diastolic
function (E/e’, e’ wave, E wave) and increased LV filling pressure
(E/e’ ratio).

This study had the following limitations. The echocardiography
was performed by an intensivist with 1 year of experience and the
acquired images were not counterchecked by an expert. The study
parameters to diagnose LVDD were measured at only one-time
point during this study. Cumulative fluid balance and cumulative
vasopressor dose requirement of the recruited patients were not
studied which could have been utilized to study the effect of these
parameters on the survival outcome.

CoNcLUSION

Adverse outcomes like 28-day mortality and weaning failure were
high in critically ill adults with LVDD. Hence, measures should
be taken to detect critically ill adults with LVDD with systolic
dysfunction or HFpEF early. Their fluid balance, myocardial
contractility, and afterload should be optimized to minimize their
morbidity and mortality.
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