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OF THE available measures of left ventricular (LV) global

systolic function, ejection fraction (EF) is the most well-

known and clinically validated.1 In the context of patients

undergoing cardiac surgery, there is a clear association

between decreased left ventricular ejection fraction (LVEF)

and poor outcomes.2-4 Therefore, this important metric has a

key prognostic role in patient risk stratification. Furthermore,

it is reasonable to assume that meaningful perioperative clini-

cal decisions are influenced by a patient’s LV function. These

decisions include considering the need for inotropic support,

intra-aortic balloon counterpulsation, delayed separation from

cardiopulmonary bypass, placement of a ventricular assist

device, and cannulation for venoarterial extracorporeal mem-

brane oxygenation, among others. However, the utility of rou-

tinely performing quantitative, as opposed to qualitative,

LVEF assessments in the operating room has not been exam-

ined thoroughly. In other words, it is unknown how precise

and accurate this determination needs to be and whether quan-

titation affects clinical management in this setting.

Limitations and Role of Qualitative Assessment

Although guidelines highlight the importance of accurate

quantification of LVEF,5 in clinical practice it is common to

simply “eyeball” multiple 2-dimensional video clips and

“guesstimate” the EF. By this approach, visual pattern recogni-

tion is used to construct a holistic impression that is informed
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by the echocardiographer’s previous experiences and training.

This information accordingly is applied to undertake medical

decisions based on the assumption that an accurate estimation

of LVEF has been made. However, the application of heuris-

tics, or “mental shortcuts,” in medical decision-making is

inherently fraught with intrinsic cognitive biases.6 As human

beings, echocardiographers are vulnerable to the cacophony of

distractions and stresses of busy intraoperative environments

that have the potential to cloud judgement. In addition, the var-

iability in training and years of experience among the variety

of echocardiographers likely influences the accuracy of their

“estimates.” On the one hand, it might seem clinically appro-

priate to rely on rapid qualitative assessments in this setting

and forego more time-consuming measurements. On the other

hand, standardized quantitative measurements are more objec-

tive and less susceptible to the mechanisms of cognitive

bias.7,8

A small number of studies have demonstrated a marginal

statistical correlation between qualitative and quantitative

assessments of LVEF.9,10 Although interesting, studies such as

these were performed using small sample sizes and were not

linked to clinical outcomes. In other words, there are no data

that validate qualitative assessment in the operating room, and

evidence to suggest that they correlate with quantitative meth-

ods is weak. Although visual approximation has a clear role in

detecting gross differences in function, studies have shown

that this technique is highly subjective and fraught with signifi-

cant interobserver variability, with a general tendency to sys-

tematically underestimate LVEF.11 Intraoperatively, the

opportunity for continuous echocardiographic monitoring is

relatively brief, defined by the duration of the procedure.
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Therefore, early subclinical changes suggestive of subtle func-

tional deterioration might not be detectable to the naked eye. It

may be easier to trend discrete quantitative measurements as

opposed to a series of vague values labelled from varying com-

binations between mild and severe dysfunction, as are typi-

cally yielded by visual estimation. This becomes especially

important when care is handed over to another team. The trend

toward subtle decline may get missed based on recalibrated

estimations according to the unique cognitive biases of the

new providers. Qualitative assessment, however, does have an

important role in appraising the legitimacy of quantitative

measurements. For example, it is valuable to confirm the track-

ing of endocardial border movements with automated software

superimposed models used to quantify LVEF. Thus, instead of

using qualitative assessment as the default method to assess

ventricular function, perhaps it should be considered more as a

tool to guide accurate quantitative measurements.

Perceived Barriers to Quantitative Assessment

Do quantitative measures take more time to perform, and are

they justifiable in a busy operating room? Do they not detract

from patient care? It is worth emphasizing that careful evalua-

tion of multiple orthogonal views is a requirement for the

accurate qualitative estimation of LVEF. Because this

“eyeball” estimation ideally is performed systematically, the

stepwise process cannot be assumed to occur instantaneously.

On the other hand, methods used to quantify LVEF, such as

the Simpson’s biplane method, are based on video clips cap-

tured as part of a standard comprehensive perioperative transe-

sophageal echocardiography (TEE) examination.12 Acquiring

these clips, therefore, does not require any additional time.

These saved images can be processed during periods of hemo-

dynamic stability (i.e., when the patient does not have needs

that should be prioritized over the performance of echocardio-

graphic measurements). Given that cardiac anesthesiologists

generally can expect an interval of relative quiescence with

most cardiac surgical procedures (i.e., while the patient is on

cardiopulmonary bypass), neglecting quantitative measure-

ments and settling for “eyeball” approximations seem like

wasted opportunities. Regarding quantitative 3-dimensional

echocardiography measurements, the perceived limitations

may include the need for regular sinus rhythm and breath hold-

ing to achieve a gated acquisition of sufficient temporal resolu-

tion. Advancements in software, however, allow for accurate

measurements such as these to be performed using single-beat

full- capture mode, demonstrating a high degree of correlation

with cardiac magnetic resonance imaging.13 Barring rare

exceptions, therefore, any concerns that quantifying LVEF

would detract from patient care are merely excuses.

Can we trust methods used to quantify LVEF in the operat-

ing room—methods that have been validated using transtho-

racic echocardiography in awake, spontaneously breathing

patients?12 The generalization of these recommendations may

be challenged in the context of TEE, under the vasodilatory

effects of anesthetic medications and intrathoracic pressure

changes associated with mechanical ventilation. There may be
concern that these alterations in preload, afterload, and con-

tractility might render precise quantitative TEE measurements

such as LVEF clinically meaningless. However, LVEF, as

compared with other metrics of LV systolic function, has been

shown to be relatively unaffected by these types of periopera-

tive changes in hemodynamics.14-20 Although a fully load-

independent marker of LV function remains elusive and all

LVEF determinations always should be reported in the context

of accompanying hemodynamic variables, quantitative LVEF

might be among the best to consider. Furthermore, trending

acute changes in LV function throughout the perioperative

period, as with every other monitor, undoubtedly has more

value than absolute values interpreted in isolation. As men-

tioned earlier, discrete values are easier to trend than the vague

ranges obtained by visual approximation.

Another criticism of LVEF quantification might be the asso-

ciated difficulty in acquiring images of adequate quality to

derive reliable measurements. Numerous perioperative

changes lead to the formation of artifacts that complicate full

visualization of endocardial movement throughout the cardiac

cycle. It might be argued that qualitative assessments afford

the viewer the luxury of mentally “filling in the gaps.” In other

words, visual tracking of myocardial movements seems to

enable mental extrapolation for frames with artifactual drop-

out. However, might this technique not potentially instill a

blind sense of confidence? Clearly, there are situations in

which artifacts are too obstructive to enable reliable quantita-

tive LVEF assessments. However, conditions that deteriorate

quantitative determinations have the same effect on qualitative

approximations.21 To determine LVEF, adequate visualization

is essential for both end-diastole and end-systole. If either of

these frames is inadequate, both qualitative and quantitative

assessments are equally invalid. In situations with poor imag-

ing quality for which reliable views cannot be obtained, report-

ing a visually estimated EF is at best inaccurate. Reports based

on what is not seen are unhelpful, misleading, and can lead to

patient mismanagement. Poor imaging windows should be

reported as such, rather than reporting a fabricated visual esti-

mation of LVEF.
The Value of Quantitative Assessment

According to the 2015 American Society of Echocardiogra-

phy practice guidelines on chamber quantification, the

Simpson’s biplane method of disks is the recommended 2-

dimensional technique to assess LVEF.5 This guideline further

states that 3-dimensional techniques should be used when pos-

sible. Unlike other methods, 3-dimensional echocardiography

uniquely considers circumferential endocardial contours.

Therefore, geometric assumptions are minimized and subtler

regional wall motion abnormalities situated between standard

2-dimensional views are included in the final model. Machine

learning and adaptation of enormous image databases have

demonstrated the feasibility of instantaneous automated border

detection, with a high degree of correlation with expert meas-

urements.22,23 The application of this technology undoubtedly
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will expedite and improve the quality of LVEF determinations.

Ongoing experience and training are essential in refining

echocardiographic skills at all levels. However, as with mas-

tering a musical instrument, practice without feedback does

not necessarily yield improvement. If qualitative assessments

alone are made over years of interpreting TEE examinations,

what means of quality assurance might be expected to reliably

determine LVEF with confidence? The performance of fre-

quent quantitative measurements produces validated numbers

that then can be used to “calibrate our eyes.” Habitual LVEF

quantification thus fortifies the sense of what different LVEF

values look like and, as a result, qualitative assessments

become more valid. Indeed, visual training using video repre-

sentations of different LVEF values has been shown to reduce

interobserver variability and improve the accuracy of qualita-

tive assessments made by echocardiographers of all levels of

experience.7,8,24,25 If novice echocardiographers can benefit

using such reference standards, why shouldn’t experts con-

tinue this training to fine-tune their clinical acumen? Regular

performance of techniques to quantify LVEF as a standard of

care would allow echocardiographers to become prompt, effi-

cient, and precise in their quantification. Not only would this

allow the focus to remain on patient care, but it also would

allow for accurate and objective measures for prognostic deci-

sion making and management.

In addition to a definitive and reliable assessment of LVEF,

quantitative methods simultaneously provide assessments of

chamber volumes.5 Chamber size affects the clinical relevance

of how LVEF is interpreted. For example, a high or normal

LVEF in a patient with extreme LV hypertrophy and reduced

chamber size might be associated with inadequate stroke vol-

ume and low cardiac output. Conversely, a chronically dilated

heart might be able to adequately compensate for decreased

systolic function. In addition to permitting calculation of car-

diac output, stroke volume can be used to subsequently derive

regurgitant volumes. Quantitative methods allow for the

assessment of trends in LV end-diastolic volume, which ulti-

mately has utility in determining relative volume status.

As perioperative TEE specialists, especially those with

advanced certification, anesthesiologists have a duty to provide

the highest quality interpretation of as many cardiac parameters

as possible using the most reliable tools at their disposal. Anes-

thesiologists owe this level of integrity to their surgical col-

leagues; critical care colleagues; cardiology colleagues; and,

most of all, to the patients. The rigor and precision by which

key variables such as LVEF are determined reflect an attention

to detail that undoubtedly translates into how anesthesiologists

care for their patients, the effectiveness in how echocardio-

graphic findings are communicated with other healthcare profes-

sionals, and provides medicolegal support for practices and

decisions that are in adherence with national guidelines.26 For

both cardiac and noncardiac specialists alike, knowing a

patient’s LVEF alone often conveys a reasonably sufficient con-

cept of the patient’s general cardiac status to enable clinical

decision-making. Therefore, an attempt always should be made

to include the best possible determination of LVEF. Visual

approximation may be the first thing an echocardiographer
subconsciously performs; however, this estimate should be vali-

dated with the report of an accurately calculated quantitative

value of LVEF. National guidelines rightfully emphasize that

quantitative measures are preferable and should be an expecta-

tion for each generated echocardiography report.
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