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Aim of review: This review is intended to provide a high-level summary of strain and its
implications for anesthesiologists.
Methods: Pubmed search using the following keywords, ‘strain’ and ‘perioperative’, to
identify literature from 1985 to 2016 was performed to summarize recent research on myo-
cardial strain measurements, their perioperative implications and its association with clini-
cal outcomes.
Recent findings: Evaluation of cardiac function improves risk assessment and guides anes-
thetic decisions. However, the most common echocardiographic measure of myocardial
function, the left ventricular ejection fraction, has important limitations. Myocardial strain
by the echocardiography performs a quantitative assessment of global and regional myocar-
dial function and has become a useful tool for perioperative care of surgical patients. The
strain could be used to diagnose myocardial ischemia, evaluate effects of valvular heart dis-
ease, coronary artery disease and follow up on cardiotoxicity.
Conclusion: As the echocardiography is becoming more available in operating rooms, an-
esthesiologists could perform myocardial strain measurements easily in the perioperative
period to evaluate cardiac functions accurately, alter their hemodynamic management strat-
egies accordingly and improve patient outcomes.
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T
he term ‘strain’ is used to describe local
shortening, thickening and lengthening of
the myocardium as a measure of regional

left ventricular (LV) function in echocardiogra-
phy. The term originates from the field of contin-
uum mechanics and is used to describe a general
3D deformation of a small cube during a short
time interval (Figure 1) (1). The myocardial
strain is defined as the deformation of myocardi-
um relative to its original length and is more
closely linked to myocyte metabolism and con-

tractility than left ventricular ejection fraction
(LVEF) (2). As would be expected with ejection
fraction, increasing pre-load is associated with in-
creasing strain at all levels of wall stress, and in-
creasing after- load is associated with a reduction
of strain. Although LV cavity size close to the nor-
mal range has a limited impact on strain, the radi-
al strain is increased and longitudinal strain is re-
duced in small left ventricles. In contrast, strain
rate is thought to be less related to pre- load and
after-load. Frequent heart rate, preload and after-
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load changes in the perioperative period should
be taken into considerations when interpreting
these data.

When considering the different echocardio-
graphic modalities available to assess myocardial
contractile function, it is necessary to make a dis-
tinction between myocardial wall motion and
wall deformation (3-6). Displacement and veloci-
ty characterize wall motion while strain describes
wall deformation. Over time a moving object will
change its position (displacement) but does not
necessarily undergo deformation if all its parts
move with the same velocity. If, however, differ-
ent parts of the object move with different veloci-
ties, the object will undergo deformation and
change its shape. This means that wall motion
measurements (displacement and velocity) can-
not differentiate between active and passive of a
myocardial segment, whereas deformation analy-
ses (strain) allow discrimination between active
and passive myocardial tissue movement (7).

How to Measure Myocardial Strain?

The LV wall motion is very complex and con-
sists of four types of movements. The long axis
of the LV is directed from the apex to the base;
the radial axis is perpendicular to the epicardi-
um, away from the cavity; and the circumferen-
tial axis is perpendicular to the radial and longi-
tudinal directions and is oriented counterclock-
wise around the short-axis image (Figure 1) (7).
For rotations, the apex rotates counterclock-
wise, and the base rotates first counterclockwise
and then clockwise later in systole (8). These
four types of deformation can all be evaluated
by strain imaging: longitudinal, radial, circumfer-
ential, and rotational strains.

Strain can be estimated with echocardiogra-
phy, cardiac magnetic resonance imaging (cMRI)
or computed tomography (CT) (9). The cMRI is
the standard reference modality for strain mea-
surements due to its accuracy and reproducibili-
ty. The cMRI allows 3D assessment of regional
strain, but needs longer time for analysis and is
very complicated. Therefore, cMRI is only used
at academic centers for research purposes (10).
Cardiac computed tomography (CCT) is the
newest and most rapidly growing modality for
noninvasive imaging of the heart, which can as-

sess the coronary arteries and provide functional
information for both the left and right ventricles
(11). However, neither the cMRI nor the CCT is
suitable for use in the operating room.

Echocardiography with tissue Doppler imag-
ing or speckle tracking technique is now widely
available in the clinical setting. Myocardial
strain measurement by echocardiography shows
reasonable agreement with cMRI (9). Echocar-
diography has the advantages of portability, low
risk, and comparatively high temporal resolu-
tion (12). For anesthesiologists, echocardiogra-
phy has become an easily accessible tool for
them during the perioperative period.

Two echocardiographic techniques/methods
have been developed to assess LV deformation
noninvasively, tissue Doppler imaging (TDI) and
speckle- tracking echocardiography (13). Mea-
surement of strain by using TDI is derived by in-
tegrating strain rate over time. Myocardial tissue
velocities are measured at 2 points relative to
the transducer (14, 15). Strain rate (SR) is esti-
mated from the spatial velocity gradient de-
scribed as SR = (va- vb)/d where va, vb repre-
sents the difference in myocardial velocities at
points a and b, and d represents the distance be-
tween these points (13). Since TDI is Doppler
based, the calculation is very angle dependent
and could introduce significant inaccuracy in the
formula. Speckle- tracking echocardiography is a
newer, non- Doppler, angle- independent tech-
nique for measurement of myocardial strain.

Speckle- tracking techniques assess myocardial
movement and deformation by tracking “speck-
les” in echocardiographic images. A unique pat-
tern or “fingerprint” of bright and dark pixels,
or speckles, in standard B-mode (2D) echocar-
diographic images remains fairly consistent with-
in a small region in the myocardium. These
speckles, which are generated by reflected ultra-
sound from myocardial tissue, are tracked from
one frame to another throughout the cardiac cy-
cle. A software algorithm extracts displacement,
velocity, strain rate, and strain within the de-
fined myocardial segment (13). A bull’s eye anal-
ysis of the left ventricle will be displayed with
the strain of each segment labeled. The timing
or synchronization of each of the 17 segments is
provided by the graph for evaluation of LV con-
traction synchronization and could be used to
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Figure 1. Definition of Strain and Three Different Strains of The Hearts: Longitudinal, Ra-
dial and Circumferential Strain.

guide resynchronization therapy (Figure 2).

Clinical Applications of Strain

Echocardiographic strain imaging enables more
reliable and comprehensive assessment of myo-
cardial function. The spectrum of potential clini-
cal applications is very wide and includes differ-
entiation between active and passive motions of
myocardial segments, quantification of intraven-
tricular dyssynchrony and evaluation of compo-
nents of myocardial function, such as longitudi-
nal myocardial shortening, which is not visually
assessable. Strain and strain rate measurements
are helpful in the selection of different therapies
and follow- up evaluations of myocardial func-
tion after different medical and surgical treat-
ment. The high sensitivity of strain and strain
rate for early detection of myocardial dysfunc-
tion, assessment of myocardial viability, detec-
tion of acute allograft rejection after heart trans-
plantation, and early detection of patients with
transplant coronary artery disease has led to the
recommendation for their routine clinical use.
Strain and strain rate data has also been shown
to provide important prognostic information
(16).

Assess Left Ventricular Systolic Functions

The LVEF is one of the most important prognos-
tic markers of patients with cardiovascular dis-
eases (17). The introduction of echocardiograph-
ic contrast media and real-time three-dimension-
al echocardiography has improved the accuracy
of echocardiographic assessment of LVEF. How-
ever, LVEF may not truly represent LV systolic
function in specific cardiac diseases or when sub-
tle LV systolic dysfunction is present (18). For
example, a patient with a structurally normal
heart may show a similar LVEF to that of a pa-
tient with severe mitral regurgitation or signifi-
cant CAD, since LVEF reflects merely the
change in LV volume but does not take into con-
sideration ultra- structural changes, which may
occur at the myocardial level and may impair LV
systolic performance (19). Two- dimensional
speckle tracking echocardiography enables as-
sessment of myocardial strain, thereby providing
detailed information on global and regional ac-
tive LV deformation. Changes in the composi-
tion and geometry of the LV myocardium may
lead to changes in LV deformation that may only
be detected by strain, not by LVEF. Radial, cir-
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Figure 2. Strain Bull’s Eye Display of 17 Left Ventricu-
lar Segments with Mild Anterior and Anteroseptal Hypo-
kinesis.
Synchronization of Different Left Ventricular Segments is
Displayed with Graphs Over Time.

cumferential, and longitudinal strains are the
three natural deformations that can be measured
with 2D speckle tracking (20). There are several
clinical scenarios where subtle LV systolic dys-
function is present despite preserved LVEF and
can be characterized by 2D speckle tracking
echocardiography (21).

The normative values of LV global longitudi-
nal systolic strain (GLS) vary according to gen-
der, age, and system used to acquire and analyze
the data. As such, current recommendations do
not provide universal normal values or lower
limits of normal but, as a general guidance, the
expected value of LV GLS in a healthy individu-
al is around –20% (22). Conventionally, LV GLS
is expressed as a negative value because it repre-
sents the shortening of the myocardium relative
to the original length. The more negative the LV
GLS is, the better the LV systolic function is.
Therefore, any value of LV GLS less negative
than – 20% could be considered pathological.
Women show slightly more negative (better) LV
GLS compared with men and it has been shown
that LV GLS decreases (becomes less negative)
with age (22). Leopoldo et al. studied the area
strain and showed that overall mean area strain
was - 38.87 ± 5.89% . Mean values at the level
of the basal, middle, and apical segments were -

38.42% ± 7.58% , - 38.74% ± 6.34% , and -
43.18% ± 12.81%, respectively, in healthy peo-
ple (23). The LV GLS has shown better repro-
ducibility and to be more sensitive than LVEF in
follow-up examinations. This is of particular im-
portance in patients treated with chemotherapy
(24). Unreliable measurements of LVEF may
have important therapeutic and prognostic con-
sequences. Several studies have shown that LV
GLS may detect subtle changes in LV systolic
dysfunction that is not detected when LVEF is
measured ( 18, 25 ). Figure 3 showed strain anal-
ysis of the pre- and post-coronary artery bypass
grafting (CABG) left ventricle in the same pa-
tient. Pre-analysis showed inferior and inferolat-
eral wall dyskinesis, which improved to moder-
ate hypokinesis after CABG. These subtle chang-
es in LV systolic functions can be more accurate-
ly and automatically appreciated compared to vi-
sual analysis. Both the values of left ventricular
GLS and GCS were increased significantly after
cardiopulmonary bypass if the revascularization
was successful (26).

Strain Imaging in Valvular Heart Diseases

The chronic effects of abnormal loading from
valvular diseases on myocardial function may be
difficult to detect by conventional means, but
strain imaging may reveal important informa-
tion. Delgado et al. demonstrated that patients
with severe aortic stenosis and preserved LVEF
exhibited decreased radial, circumferential, and
longitudinal speckle tracking strain (27). In addi-
tion, significant improvement in these parame-
ters was observed at long- term follow- up after
aortic valve replacement, whereas LVEF re-
mained unchanged. De Isla et al. reported that
preoperative speckle tracking longitudinal strain
at the level of the interventricular septum strong-
ly predicted a postoperative LVEF decrease of >
10% in patients with chronic severe mitral regur-
gitation (28).

Tayyareci et al. demonstrated that longitudi-
nal and circumferential strains were significantly
decreased in asymptomatic patients with severe
aortic regurgitation and normal LVEF compared
to normal volunteers (29). These findings high-
light that TDI of or 2D speckle tracking strain
enables an early detection of subtle changes in
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Figure 3. Strain Analysis Pre and Post CABG.
Pre-analysis showed inferior and inferolateral wall dyskinesis, which improved to moderate hypoki-
nesis after CABG. CABG, CoronaryArtery Bypass Grafting.

LV systolic function in patients with valvular
heart diseases.

Strain Imaging in Coronary Artery Disease

Strain imaging may be applied to diagnose isch-
emia by showing a reduction in peak systolic
strain, but equally important is the demonstra-
tion of systolic lengthening and post- systolic
shortening which are characteristic features of
ischemic dysfunction (30, 31). It has been sug-
gested that the end-systolic strain should be used
to measure systolic function as the peak strain
was not as accurate (21). For example, in a pa-
tient with atypical symptoms, no chest pain and
no ECG signs of ischemia, strain imaging
showed moderately reduced systolic shortening
and marked post-systolic shortening in the inferi-
or wall. The patient was referred for angiogra-
phy, which then revealed a subtotal stenosis of
the right coronary artery and was successfully
treated with the percutaneous coronary interven-
tion (21). Another promising application of
strain imaging is the identification of a relatively
large subgroup of non ST- elevation myocardial
infarction patients with total coronary occlusion
(32). Lack of ST elevation in these patients re-
flects the limited sensitivity of electrocardiogram

(ECG) in identifying patients with coronary oc-
clusion (33). Interestingly, echocardiographic pa-
rameters of LV systolic function correlate with
infarct size.

Global longitudinal strain and wall motion
score index are both excellent parameters to
identify patients with substantial myocardial in-
farction, who may benefit from urgent reperfu-
sion therapy (32). To detect the coronary artery
disease early and to perfuse the blocked coro-
nary before the irreversible injury during the
perioperative period is very important for anes-
thesiologists. When there is systolic hypokinesia
or akinesia, post- systolic shortening measured
by strain indicates viable myocardium (31). Even
for the myocardial segment, which is entirely
passive during the first few hours after coronary
occlusion, the presence of deformation reflected
by strain could imply potential recovery with re-
perfusion (34).

Strain Imaging to Detect Drug- Induced Cardio-
toxicity

Myocardial toxic effects from chemotherapy
have become a leading cause of morbidity and
mortality in cancer survivors (21). When a reduc-
tion in LVEF during chemotherapy is estab-
lished, it may be too late for treatment (37). Re-
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duction in myocardial strain precedes significant
change in LVEF (38). In a recent consensus docu-
ment from the American Society of Echocardiog-
raphy (ASE) and European Association of Car-
diovascular Imaging (EACVI), a practical guide
was given for how to apply strain imaging in the
evaluation of adult patients who receive cancer
therapy, and GLS by stress echocardiography
was the recommended parameter for early detec-
tion of sub-clinical LV dysfunction (39).

A relative decrease in GLS by 15% compared
with the baseline is likely to be of clinical signifi-
cance, whereas a decrease 8% is not (39). Al-
though anesthesiologists usually don't follow the
toxic effect on the heart routinely, understand-
ing the potential cardiac dysfunction from read-
ing the echocardiographic reports or self- per-
forming quick strain analysis will help the anes-
thesiologists to be prepared to manage hemody-
namic instabilities in these patients.

Strain Imaging in Cardiomyopathy

For patients with hypertrophic cardiomyopathy,
both hypertrophy and fibrosis contribute to re-
gional impairment and then influence the myo-
cardial strain (35). In Quarta’ s study, patients
with cardiac amyloidosis were assessed. Despite
a preserved LVEF, the longitudinal strain was
severely impaired in cardiac amyloidosis. Re-
duced longitudinal strain and advanced New
York Heart Association class were negative pre-
dictors of survival in patients with cardiomyopa-
thy (36). Hypertrophic cardiomyopathy (HCM)
is a genetic disease characterized by cardiac hy-
pertrophy, myocyte disarray, interstitial fibrosis,
and left ventricular dysfunction (40, 41). Strain
imaging in obstructive HCM facilitates detec-
tion of subclinical systolic dysfunction in focal
areas of pathological myocardial hypertrophy.
There have been recent reports distinguishing fi-
brotic from nonfibrotic lesions in LV myocardi-
um in patients with HCM and normal LV myo-
cardium in healthy controls with regional peak
longitudinal speckle- tracking strain (40). Yang
et al. showed that patients with HCM had re-
duced myocardial Doppler strain at the ventric-
ular septum compared with control patients.
The midseptal longitudinal strain was markedly
decreased, even reversed in patients with HCM

(paradoxical longitudinal systolic expansion),
which was directly related to the degree of sep-
tal hypertrophy. Myocardial Doppler imaging
could offer a unique approach to quantify re-
gional systolic dysfunction in these patients
(42).

Strain Imaging to Evaluate the Right Heart

One of the newer applications of strain is the as-
sessment of the right ventricular (RV) free wall
(43). The ability to use an early, non- invasive
method to assess for acute RV dysfunction in sit-
uations where submassive pulmonary embolism
(PE) is suspected would enable earlier initiation
of thrombolytic therapy (44).

Right ventricular (RV) dysfunction is a fre-
quent consequence of pulmonary embolism (PE)
and a marker of increased risk. However, cur-
rent qualitative methods assessing RV function
are imprecise. Elke et al. showed that regional
RV longitudinal strain was altered in all regions
except the apical septum in subjects with acute
PE. Strain rates of PE subjects were significantly
reduced in all segments of the RV free wall. Au-
tomated methods to assess strain and strain rate
could be valuable in rapidly identifying RV dys-
function in the setting of acute PE and might as-
sist in patient risk stratification and management
(45). 2D RV strain with medical treatment has
correlated with better survival in patients with
pulmonary hypertension. 3D RV strain imaging
has been shown to be of independent prognostic
value in patients with pulmonary hypertension
when compared with normal subjects (40).

Risk Assessment and Prognosis

Prognosis in cardiac disease is closely related to
systolic function, which is commonly measured
by LVEF. An increasing number of studies have
suggested that GLS is superior to EF as a mea-
sure of LV function and as predictor mortality
and cardiac events ( 46-48 ). No absolute values
for GLS, that indicate high risk are established,
but the absolute value of GLS < 12% represents
severe systolic dysfunction and adverse progno-
sis (47, 48), and < 15–16% seems to represent
the risk in patients with relatively preserved EF
(48, 49).
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How to Do a Practical Strain Analysis by Anes-
thesiologists?

With the advancement of technology in speckle
tracking echocardiography, left ventricular longi-
tudinal strain can be obtained with minutes on
most machines by online analysis and is very
practical for busy anesthesiologists in the periop-
erative period. Here are the steps.

1. Optimize 2D echocardiographic images set-
tings.

2. Acquire midesophageal long axis, 4 cham-
ber and 2 chamber views without ECG or mo-
tion artifacts.

3. Record time of aortic valve closure.
4. In midesophageal long axis view, track en-

docardial borders as prompted by the machine
to identify the region of interest.

5. Review tracking results.
6. Adjust tracking if necessary.
7. Accept tracking when the tracing appears

to reflect true ventricular deformation.

8. Review strain analysis results.
9. Repeat process for the 4 chamber and 2

chamber views
10. Select Bull’s eye view to display all 17 seg-

ments’ strain analysis.

Conclusions

Measurement of myocardial strain provides im-
portant quantitative information on global and
regional myocardial function. It will be incorpo-
rated into clinical practice. As the echocardiogra-
phy is becoming more available in operating
rooms, anesthesiologists could perform myocar-
dial strain measurements easily in the periopera-
tive period to evaluate cardiac functions accu-
rately, alter their hemodynamic management
strategies accordingly and improve patient out-
comes.
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