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Abstract 

Left ventricular (LV) diastolic dysfunction is a commonly encountered condition and its impact on the in 

anesthesia and the intensive care population is often underestimated. The study of the diastole is known as 

"diastology" and comprises four phases: isovolumetric relaxation, early filling phase, diastasis, and late filling 

phase. Diastolic function needs at least the same attention as systolic function, since its alteration has been 

associated with worse prognosis. Notwithstanding, many physicians consider the assessment of diastolic 

function too much complex. In this context, the latest 2016 guideline have simplified the assessment of 

diastolic function. In this educational review, we approach diastolic dysfunction with didactic purposes. First, 

we use a metaphor to consider the LV as a glass that progressively changes its shape and height along the 

disease course, resembling variable end-diastolic pressures and volumes at different stages while progressing 

with diastolic dysfunction. We guide readers in the process of diagnosis and grading of LV diastolic 

dysfunction, with description of pathophysiological changes in LV relaxation and consequently in the pressure 

gradient between the left-sided heart chambers. In the second part, starting from physiology we move towards 

suggestions for the clinical management of anesthesia and intensive care patients with diastolic dysfunction 

under different scenarios (hypo- and hypervolemia, weaning, sepsis, tachycardia and arrhythmias, right 

ventricular dysfunction). 

 

Keywords: diastolic dysfunction, anesthesia, intensive care, point-of-care ultrasound.   
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Introduction 

Over the past decade, the study of diastolic function, also known as "diastology", has gained popularity in 

anesthesia and intensive care unit (ICU).1 That is partially due to the increasing adoption of point-of-care 

ultrasound in this setting and the growing expertise of anesthesiologists and intensive care physicians.2 With 

the implementation of echocardiography in the ICU setting, left ventricular diastolic dysfunction (LVDD) has 

also raised importance due to its strong association with patient outcome. Several training and accreditation 

pathways for critical care echocardiography are available,3, 4 and it is likely that assessment of LVDD will be 

increasingly considered in these pathways in the near future.  

Although figures are variable according to demographics of the population included, it is estimated that LVDD 

is present in 21% of the general population, whereas grades II and III are estimated at 7%.5 Consequently, it is 

important to understand not only the degree of systolic dysfunction but also to ascertain the presence of LVDD 

to improve the overall patient risk stratification and prognosis as well as their management in operating room 

and ICU. Our educational review describes the importance of LVDD in the daily ICU clinical practice, starting 

from physiology, definition, classification and diagnosis, and moving towards some recommendations for the 

clinical management of critically ill patients with LVDD. 

 

Simplified Physiology of LV Diastolic Function 

"Diastology" is the study of the diastole, the phase of LV relaxation and subsequent filling, preceding each 

systole. In this phase of the cardiac cycle, the LV accepts the preload.5 For didactic purposes, the diastole can 

be divided into four phases: 

1. The isovolumetric relaxation (IVR), an active phenomenon (adenosine triphosphate-ATP-dependent 

process) where the LV volume is unchanged, but the intraventricular pressure drops. 

2. The early (rapid and passive) filling phase (or phase E), starting when the LV pressure falls below left atrial 

(LA) pressure and relying on further LV elastic recoil, which allows the maintenance of a positive LA-to-LV 

(or atrioventricular) pressure gradient, and thus the movement of blood through the mitral valve (MV). 

3. The "diastasis" (or no-flow phase), a transient "no-flow phase" due to the neutralization of the LA-to-LV 

gradient, which from a practical perspective is very short (in the orders of a few milliseconds, especially in 

patients experiencing tachycardia). 
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4. The late (slow) filling phase due to the LA contraction (or phase A) restores a positive LA-to-LV gradient 

and re-opens the MV with further LV filling.  

Normally, the E phase is very important as most of the LV filling occurs at this time, while the A phase of 

diastole contributes to the remaining 15–30% of the entire LV filling.6 At the end of the A-phase, the LV has 

reached its end-diastolic pressure (LVEDP). In normal subjects, this pressure is variable and usually referred 

to in the range between 4 and 12 mmHg, translating into an LV end-diastolic volume (LVEDV of 49-73 

ml/m2).7 At this point, diastole ends, and systole begins with the LV iso-volumetric contraction. 

 

Understand the study of diastolic dysfunction over time.  

A normal LV diastolic function can be defined as a condition where the LV filling happens smoothly in the 

presence of low LA pressures and with a small LA-to-LV gradient (in the order of a few mmHg). Conversely, 

in the presence of LVDD, the LV relaxation process is impaired. Consequently, the LVEDP progressively 

increases with consequent gradual rise in LA pressure as a compensatory response to the increased LV 

stiffness. The gold standard for assessing LVDD remains cardiac catheterization with direct intra-ventricular 

pressures measurement.8 However, cardiac catheterization is invasive and can be performed only in the “cath-

lab”.  

The assessment of “diastology” with echocardiography is very different from the study of LV systolic 

dysfunction (LVSD) where a single parameter (i.e. ejection fraction), even though load-dependent, is able on 

its own to quantify systolic performance. Furthermore, LVDD assessment has changed over the recent years, 

with a significant variation in the approach for diagnosis and grading of LVDD when comparing the 2009 and 

2016 guidelines.9, 10 Indeed, the most recent guidelines (2016) suggest different parameters to assess LVDD 

and, of note, these guidelines introduced a novel concept in the evaluation of LV diastolic function: any patient 

with LVSD has, by definition, LVDD.10 Therefore, patients with LVSD have abnormal LV diastolic function. 

This novelty is not entirely surprising since LV diastolic function is impaired earlier than systolic function in 

patients experiencing myocardial ischemia.11 The new guidelines also introduced a paradigm shift in assessing 

LV diastolic function with trans-mitral Doppler flow coupled with information gathered from tissue Doppler 

imaging (TDI), indexed LA size and velocity of the tricuspid regurgitant (TRvel) jet.10 Therefore, the study of 

LVDD currently relies on several echocardiographic parameters rather than on a single variable. 
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How can the diastolic function be studied with echocardiography in ICU? 

As described in Figure 1, all the parameters needed for the evaluation (diagnosis and grading) of LV diastolic 

function are obtained in apical four chambers view, and they are briefly described here:  

• trans-mitral flow evaluation: pulsed wave (PW) Doppler signal is obtained at the level of the MV 

leaflet tips recording the LV inflow patterns. Under conditions of sinus rhythm, PW Doppler describes the LV 

filling process in terms of an early (E) wave followed by the late atrial (A) wave;  

• TDI evaluation: this is a modified PW Doppler (low velocity, high amplitude) where the "sample box" 

is positioned at myocardial basal level; whenever feasible, the sonographer should investigate both septal and 

lateral region to obtain the early and late diastolic tissue waves (e' and a', respectively), which should be 

averaged;  

• LA volume evaluation: measurement is obtained at the end of systole and tracing should exclude the 

confluences of pulmonary veins and the LA appendage; LA foreshortening should be avoided considering that 

its axis lies in a different plane from the LV one; LA volume should be measured using the disks' summation 

algorithm, which should be preferred over the area-length method;  

• TRvel jet: should be sampled with continuous-wave Doppler through the tricuspid valve. The peak 

velocity is used as a surrogate of post-capillary right ventricular (RV) pressure overload and congestion (in the 

absence of pulmonary hypertension or other known causes of increased afterload of pre-capillary origin). 

Although TDI parameters are still load-dependent, it is worth reminding that they seem more accurate and less 

dependent on pre-and afterload conditions than traditional Doppler measurements. Furthermore, TDI 

parameters have the advantage of low inter-reader variability and fast assessment (30 seconds are usually 

sufficient). In the context of critically ill patients, TDI parameters may be the most reliable for diagnostic 

purposes and prognostic evaluation.12 However, when assessing LVDD with trans-esophageal 

echocardiography in patients undergoing cardiac surgery or for other clinical indications,13 clinicians must be 

aware of two limitations. First, measuring LA size is inaccurate considering the probe positioning behind the 

LA. Second, the values of e' are likely underestimated with a recent study suggesting a mean within-patient 

difference of 0.6 cm/s;14 therefore, the E/e' ratio is overestimated. In general, the recent guidelines have 

simplified the assessment of study of LV diastolic function;10 for instance, the new algorithm identify a 

significantly higher incidence of LVDD in septic patients as compared to the previous guidelines.15 Although 
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these new guidelines10 seem to facilitate the assessment of LVDD, it must be kept in mind that experienced 

operators may integrate findings from other parameters as the pulmonary veins Doppler, the E wave 

deceleration time or the color M-mode of the E wave measuring flow propagation velocity. Furthermore, 

whatever is the approach for the assessment of LVDD with echocardiography, it should be considered that 

clinical and the bio-humoral finding may help in the stratification of patients with LVDD. In Figure 2, we 

provide an example of a study of LV diastolic function in a patient with normal systolic function, resulting in 

a diagnosis of grade II LVDD. Looking at the information provided in the algorithm (Figure 1), the reader can 

appreciate that this patient has abnormalities in 3 out of 4 parameters for the diagnosis of LVDD. When moving 

to the grading of the dysfunction, the E/A ratio is 0.78 and the E wave velocity is over 50 cm/sec, which 

suggest that this patient has grade II LVDD after considering the abnormalities in E/e', TRvel jet and LA size. 

 

How can diastolic dysfunction be classified? 

Diastolic dysfunction can be classified in different degrees, and since this classification relies on the integration 

of different parameters, it has been regarded as cumbersome. To simplify the understanding for clinicians 

working at the bedside with critically ill patients or in the perioperative period, we make an analogy between 

the LV end-diastolic volume and pressure using different shapes of drinking glasses (Figure 3).  

In the presented analogy, the glass volume represents the amount of mL that the LV can accommodate in each 

diastole, which gradually decreases with progressive worsening of LV diastolic function (reduced relaxation 

and increased stiffness). Simultaneously, there is another analogy between the growth in glass's height and the 

progressive increase in LVEDP when LV diastolic function further deteriorates. With this example in mind, 

we briefly describe the stages of LVDD and their respective changes in LVEDP. Readers should consider that 

even an increase in LVEDP of a couple of mmHg may significantly worsen the patient's prognosis and clinical 

symptoms.  

• Stage I of LVDD is called abnormal (or impaired) relaxation and at this stage the LV relaxation is 

impaired without change in LA volume and pressures: the consequently reduced LA-to-LV gradient explains 

the inversion between early and late (atrial) filling, with the latter becoming predominant (E/A ratio <1); 

importantly, at this stage, LVEDP is still in the "normal" range.  
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• Stage II of LVDD is reached when, as a result of chronically impaired LV relaxation, the LA pressure 

increases to restore the "physiological" LA-to-LV gradient and a somewhat "normal" filling pattern (E/A>1): 

this is why this stage is also called "pseudo-normal"; LVEDP is now increased.  

• Stage III of LVDD, or restrictive pattern, is graded when the LV relaxation is further impaired and 

LVEDP increases significantly. Although stage III is also divided into a reversible or irreversible pattern (the 

latter also known as stage IV), this separation is probably not meaningful in the ICU setting. Should they want 

to gain further knowledge on LVDD, readers are referred elsewhere for more insights. 

 

Concerns regarding diagnosis and grading of LVDD in critically ill patients.   

The current 2016 guidelines for the diagnosis and grading of LVDD may not apply to the perioperative period 

and children, as directly stated by the authors.10 Conversely, although not directly mentioned by them, applying 

these guidelines to critically ill patients is probably even more challenging. The LA volume and TRvel jet are 

controversial when used in critically ill patients.12 Changes in LA volume result from a chronic increase in LA 

pressure. Conversely, it is less likely that LA volume will change suddenly due to acute loss of sinus rhythm 

or acute deterioration in LV diastolic function due for instance to myocardial ischemia (without mitral 

regurgitation) or septic cardiomyopathy.  

Similarly, the TRvel jet is influenced by RV afterload, which is increased in mechanically ventilated patients 

for the intrinsic effects of positive pressure ventilation on the right heart. Indeed, the peak of the TRvel jet is 

not only a surrogate of post-capillary RV pressure overload but it is also influenced by a pre-capillary increase 

of pressure. Critically ill patients exposed to mechanical ventilation (and eventually to acidosis and 

hypercapnia) may develop pulmonary hypertension due to the stretch on the pulmonary vasculature and to 

factors increasing pulmonary vascular resistances. Moreover, a study in a cardiac surgery population 

demonstrated that the increase of the positive end-expiration pressure provoked a significant reduction in septal 

and lateral e' values, as possible result of an impaired LV relaxation related to worse RV function.16 

 

Why do intensive care physicians and anesthesiologists need to study diastolic dysfunction? 

Outside of the ICU setting, there has been growing emphasis on the evaluation of LVSD for its association 

with patients’ outcomes in the outpatients setting, such as heart failure (HF) and several other conditions daily 
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encountered by cardiologists. However, LVDD progressively reduces the LV ability to accept preload5 and 

impacts negatively on the outcome of these patients.8 Considering the ageing of the population, it is expected 

that the number of patients with LVSD and LVDD will increase. Thus, intensivists and anesthesiologists will 

care more frequently for these patients. Most of the research evaluating the impact of LVDD has been 

conducted in the general ICU population and in patients undergoing cardiac and vascular surgery. Briefly, the 

main findings in ICU have been the association of LVDD with mortality in septic patients17, 18 and, more 

recently, with weaning failure.19 Interestingly, an association between LVSD and mortality in septic patients 

has been repeatedly ruled out,20, 21 underlying the importance of LV filling pressure more than systolic 

performance. In patients undergoing cardiac surgery, LVDD correlates with difficult separation from 

cardiopulmonary bypass and greater need for inotropes,22, 23 as well as with higher incidence of postoperative 

atrial fibrillation.24, 25 In the setting of major vascular surgery, preoperative isolated LVDD seems an 

independent predictor of postoperative HF and prolonged hospital stay, with higher postoperative adverse 

cardiovascular events and long-term cardiovascular mortality.26, 27 More uncertainty remains on the impact of 

LVDD in patient’s outcome in other surgical specialties.28, 29 

With this background, in Table 1 we practically describe several scenarios commonly encountered in critically 

ill patients (and eventually in those undergoing anesthesia) where the clinical impact may be different 

according to the presence of normal or abnormal LV diastolic function. Among these, critically ill patients 

with LVDD can experience significant clinical worsening in case of: 

• excessive fluid resuscitation and conditions of hypervolemia;  

• hypovolemia; 

• RV failure and volume overload;  

• positive pressure ventilation (PPV) with RV strain; 

• weaning from mechanical ventilation; 

As described in table 1, these listed clinical conditions may be well-tolerated by a patient with normal LV 

diastolic function, but not to the same extent by patients with an already established LVDD (especially if 

advanced). These patients are at greater risk of decompensation as they rely on a precarious balance. 

Consequently, they have a much narrower space for therapeutic maneuvers from hemodynamic and pulmonary 

perspectives, with possible consequences in cardiac output and organ perfusion. Furthermore, clinicians must 
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consider that some of these conditions may happen simultaneously, such as in the case of atrial fibrillation 

triggered by hypovolemia or weaning from mechanical ventilation in the context of fluid overload.30, 31 In these 

cases, patients with LVDD will likely experience more significant clinical deterioration. 

 

The effect of LVDD over weaning from mechanical ventilation. 

Because of the more recent emphasis on the impact of LVDD on weaning outcome of patients admitted in 

ICU,19 we describe this scenario more in details. Indeed, extubation failure is a major issue both in ICU and 

operating theatre, and its occurrence may lead to prolonged mechanical ventilation, need for early re-intubation 

and longer ICU length of stay with higher healthcare costs.32 The transition from mechanical to spontaneous 

ventilation induces a negative intrathoracic pressure, thereby increasing systemic venous return pressure 

gradient, RV and LV preload. In addition, there is an increase in LV afterload. Such enhanced work of 

breathing leads to an elevation in adrenergic tone (documented by an increase in serum levels of 

catecholamines). These mechanisms could induce cardiovascular dysfunction with rising pulmonary artery 

occlusion pressure, with the final appearance of pulmonary edema, even in the presence of preserved LV 

contractility. Pulmonary artery occlusion pressure is a surrogate of LA and LV filling pressures (LVEDP), and 

a value ≥ 18 mmHg is among the criteria to diagnose and grade LVDD when using cardiac catheterization.  

Several studies described the association between weaning outcome and preexisting or new onset LVDD, 

detected through echocardiography assessment. A recent meta-analysis found an association between higher 

weaning failure and echocardiographic findings of LVDD (higher E/e' ratio, lower e' wave, higher E wave 

values) detected before the spontaneous breathing trial.19  Certainly, the timing of echocardiography assessment 

is pivotal to detect the patients at higher risk of weaning failure, and the evaluation should be performed during 

the stress test, conducted either as spontaneous breathing trial or as low level of pressure support ventilation.  

The ability to detect patients at risk of extubation failure due to underlying LVDD enables targeted treatment 

to tolerate the burden of weaning process, possibly increasing the chances of success. Accordingly, in a small 

series of 11 patients, Kaltsi et al. showed that administration of levosimendan to patients with previous weaning 

failure determined an improvement of LV diastolic parameters (e' wave and E/e' ratio) with a high weaning 

success (82%).33 Early identification of patients at risk for weaning/extubation failure related to LVDD seems 
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reasonable to implement ad hoc strategies, i.e. non-invasive ventilation, fluid removal, medications to decrease 

LV filling pressures. 

 

Drugs and other clinical strategies to counteract the negative effects of LVDD 

According to the complexity of each clinical scenario in ICU patients and the degree of their LVDD, it remains 

challenging to identify (or suggest) a unique therapeutic pathway. Unfavorable drugs should be avoided, such 

as inotropes and especially catecholamines and diuretics and alterations in atrial fibrillation due to 

inflammation, dysionemia, hypovolemia, pain, and shivering. Whilst LVDD is an echocardiographic 

diagnosis, clinicians should ensure this does not evolve in diastolic “decompensation” precipitating interstitial 

edema, coronary hypoperfusion, low cardiac output syndrome. 

From a physiological point of view, beta-blockers may play a role, considering their well-established effect on 

LVDD in the context of HF with preserved LVEF.34 An interesting field of research is the use of beta-blockers 

in the early phase of septic shock,35 a clinical syndrome where cardiac dysfunction is of challenging diagnosis 

but LVDD is often present.36 A recent meta-analysis showed that the use of ultrashort-acting β-blockers 

(esmolol or landiolol) significantly decreases mortality in septic patients with persistent tachycardia despite 

initial resuscitation.37 From advanced hemodynamic perspectives, esmolol may positively influence LV 

function because of its chronotropic and anti-arrhythmic effects; in turn, these effects may potentially improve 

the LV filling pattern and the ventricle-atrial coupling.38 In this regard, it remains crucial to identify the patients 

that could respond better to the infusion of short-acting beta-blockers, as suggested in a post hoc study 

conducted by Morelli and coworkers.39 Whether positive hemodynamic effects of beta-blockade could more 

pronounced in patients with LVDD remains to be addressed. Moreover, one should also consider that beta-

blockers have shown immune, metabolic and coagulative effects, which may also be beneficial in septic 

patients40. 

Other drugs are potentially promising for the improvement of LVDD in the acute ICU setting. Among these, 

possible options could be the angiotensin-converting enzyme inhibitors (for their LV remodelling and diastolic 

function effects)41 and dexmedetomidine (an alfa-2 agonist showing a modulatory effect on catecholamines 

release and their requirements).42 However, ICU patients are often supported from cardiovascular perspectives 

and the optimization of LVDD becomes more complex when clinicians decide that inotropic support is needed. 
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In this regard, adrenaline and other catecholamines produce negative lusitropic effects, and their use may 

present significant drawbacks in patients with advanced LVDD. Two possible alternatives are the use of ino-

dilators, such as phosphodiesterase inhibitors (i.e. milrinone)43 or levosimendan (a calcium-sensitizing 

agent).44 In general, phosphodiesterase inhibitors are associated with neutral or slightly positive effects on 

LVDD.43 At the same time, levosimendan has the best profile in amelioration of LVDD, preserving LV 

diastolic relaxation whilst providing inotropic effects.43 Of note, levosimendan may also have an additive effect 

on myocardial damage during sepsis by reducing mitochondrial autophagy (an important mechanism of 

mitochondrial dysfunction in sepsis-induced cardiomyocyte injury) and inflammatory cytokines production 

and stimulating epithelial nitric oxide synthase expression to increase nitric oxide synthesis.45 These 

characteristics are unique and of potential interest in the LVDD acute setting. However, the recent Surviving 

Sepsis Campaign discourages levosimendan in septic patients, whilst this drug has been already successfully 

used in non-ICU patients.46 Indeed, in a randomized placebo-controlled study in patients with advanced HF, a 

24-hour levosimendan infusion improved echocardiographic markers of abnormal LV diastolic function and 

blunted neuro-hormonal activation (plasma B-type natriuretic peptide and interleukin-6).45 However, intrinsic 

pharmacokinetics and pharmacodynamics may reduce the efficacy of the levosimendan on acute LV 

dysfunction, making its use still debated and supported by limited evidence. 

 

The artificial Intelligence perspective in LVDD is to "predict". 

Artificial intelligence, particularly Machine Learning (ML), represents a promising tool in studying LVDD, 

although its use in critically ill patients has not been investigated yet. Segar et al. performed pheno-mapping 

with unsupervised clustering analysis of patients with HF with preserved LVEF.47 They identified different 

three pheno-groups with distinct clinical characteristics and long-term outcomes among a cohort of 654 

patients with available echocardiography data. Regarding LV diastolic function, the second pheno-group was 

characterized by a significant burden of LVDD but a lower degree of comorbidities than the other groups. This 

second group had a higher risk of HF-related hospitalization but a lower risk of myocardial infarction, stroke 

or cardiovascular death, and overall comparable mortality than another pheno-group with lower natriuretic 

peptide levels, intermediate comorbidity burden more favorable diastolic profile. The same group of authors 

proposed a deep neural network model that retrospectively analyzed a dataset of patients with HF with 
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preserved LVEF (n=1.242) to define the severity of diastolic dysfunction.48 The deep neural network model 

predicted high- and low-risk pheno-groups. The area under the receiver-operating characteristic curve of this 

model was higher than the 2016 guidelines.10 In particular, the model characterized the severity of LVDD and 

showed patients with elevated LV filling pressures, biomarkers of myocardial injury and stress, adverse events 

and the responsivity to treatment with spironolactone.  

However, it needs to be emphasized that "data quality" is crucial for increasing the reliability of any AI system. 

AI can provide clinicians with correct analysis, precise and personalized solutions, and a good safety profile 

with accurate databases and information. In the case of LVDD, AI may be of help but the availability of good-

quality echocardiography images is pivotal that multiple assessors can evaluate offline to reduce the inter-

observer variability.49 

 

Conclusion  

In conclusion, our review has didactic purposes on LVDD to understand how it can affect patients undergoing 

anesthesia or admitted to the intensive care unit. The first part of the review initially describe the definition, 

classification, and grading according to the latest guidelines. In the second part, we describe the impact of 

LVDD on frequently encountered clinical conditions and how clinicians may approach these situations in light 

of the presence of LVDD. Finally, we think that in the future, AI and particularly ML could represent a 

promising tool in studying LVDD but this field has to be explored. 

 

WHAT IS KNOWN: 

- LVDD is a commonly encountered condition impact on the in anesthesia and the intensive care 

population often underestimated. 

- LVDD has been associated with worse prognosis in anesthesia and intensive care. 

WHAT IS NEW: 

- The 2016 guideline have simplified the assessment of diastolic function. 

- The growing expertise of anesthesiologists and intensive care physicians in point-of-care ultrasound 

can facilitate LVDD evaluation.  
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Table 1. Common clinical scenarios encountered in critically ill patients that can have different clinical effects 

according to the baseline left ventricular (LV) diastolic function. AF: atrial fibrillation; LAP: left atrial 

pressure; EDP: end diastolic pressure; PPV: positive pressure ventilation; RV: right ventricle. 

  

  

SCENARIO Clinical Consequences 

Normal LV diastolic function LV Diastolic Dysfunction 

Excessive fluid 

resuscitation 

and conditions 

of hypervolemia 

Volume may be well-tolerated; 

possible increase in diuresis and 

other mechanisms to restore normal 

circulating volume  

The excess of circulating volume may 

precipitate pulmonary congestion/edema 

(increased LAP); increased RV afterload with 

RV strain and systemic venous congestion with 

effects among others on liver and kidneys 

Hypovolemia 

(low circulating 

volume) 

It may be well-tolerated depending 

on clinical conditions and 

comorbidities; occurrence of 

tachycardia (shorter diastolic time) 

will be tolerated under normal LV 

systolic and diastolic function  

A decrease in LAP in the context of raised 

LVEDP further impairs LV filling (reduction 

in LA-LV gradient); consequently the LV 

stroke volume is likely to decrease and tissue 

hypo-perfusion may occur. Tachycardia will 

make even more challenging the occurrence of 

hypovolemia. 

Occurrence of 

tachycardia or 

AF 

Similarly to the reduction in 

circulating volume, loss of atrial kick 

and consequent decrease in LV 

filling may be tolerated with an 

increase in LVEF that maintains 

similar values of stroke volume and 

therefore ensuring adequate tissue 

perfusion 

In some regards AF reproduces a condition 

similar to hypovolemia, with a reduction in LV 

filling for the loss in atrial kick; the subsequent 

clinical manifestations may be higher in 

patients with greater contribution from atrial 

filling; usually, the faster is the AF, the worse 

are clinical conditions; if AF is triggered by 

hypovolemia, then the clinical impact will be 

maximized in the context of LVDD 

RV dysfunction 

or failure and 

volume 

overload with 

possible septal 

shift 

RV dysfunction/failure is a serious 

condition that, together with 

etiological treatment, may require 

pharmacological support. The 

negative effects of most vasoactive 

drugs on diastolic function may be 

tolerated in the LV with normal 

diastolic function 

The need for pharmacological support to the 

RV may further deteriorate LVDD; more 

importantly, RV dilatation with septal shift 

results in LV compression and further increase 

in LVEDP. In turn, this will increase the LAP 

and the pulmonary vascular resistances with 

further RV strain 

Mechanical 

ventilation with 

PPV  

The normal increase in pulmonary 

vascular resistances due to 

mechanical ventilation is usually 

well tolerated from diastolic 

perspectives as long as there is not a 

significant increase in RV 

afterload/strain; the reduction in LV 

afterload may facilitate LV emptying 

and in turn its subsequent filling  

The main issue regarding mechanical 

ventilation and LVDD is the occurrence of 

significant strain on the RV with the conditions 

described above (need of vasoactive support 

with negative lusitropic effects, septal shift and 

increase in LVEDP and LAP) 

Weaning from 

mechanical 

ventilation 

The shift from PPV to physiologic 

breathing causes an increased venous 

return which can be easily 

accommodated by patients with 

normal LV diastolic function 

The increased venous return during weaning 

simulate conditions of hypervolemia that can 

be troublesome in patients with LVDD and 

impossibility to accommodate the extra 

amount of fluids.  
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Figure legends: 

Figure 1: Assessment of LVDD with 2016 American Society of Echocardiography/European Association of 

Cardiovascular Imaging (ASE/EACVI) guidelines. LVDD: Left ventricular diastolic dysfunction; LA: left 

atrium; TR: tricuspid regurgitation. 

 

Figure 2: Example of assessment of left ventricular (LV) diastolic function in a patient with normal systolic 

function. This patient shows abnormalities in 3 out of 4 parameters for the diagnosis of LV diastolic 

dysfunction (LVDD). Thus, diagnosis of LVDD is made. When assessing the grade of LVDD, the E/A ratio 

is 0.78 and the E wave velocity is over 50 cm/sec, suggesting grade II LVDD. 

 

Figure 3: Glass volume represents the amount of mL that the left ventricle (LV) can accommodate in each 

diastole. This volume is gradually reduced with impaired relaxation and worsening of LV diastolic function. 

The glass's height correlates with the progressive rise in LV end-diastolic pressure when LV diastolic function 

further deteriorates. 
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