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Abstract 

Background  Patients presenting for coronary artery bypass grafting often have left ventricular diastolic dysfunction. 
These patients are in need for a well contracting left atrium (LA) to generate the required cardiac output. Sevoflurane 
affects the overall cardiac contractility. This study aimed at evaluating sevoflurane effects on left atrial performance 
and left ventricular diastolic function for patients undergoing coronary artery bypass graft (CABG) using transesopha-
geal echocardiography (TEE).

Results  Out of 40 enrolled patients, analysis was made for 31 patients. Results after exposure to one MAC sevoflurane 
revealed a decrease of left atrial functional area change (P = 0.001), left atrial active emptying fraction (P = 0.038), and 
A wave velocity by transmitral pulsed wave Doppler (P = 0.019) while left ventricular diastolic function was unaffected 
despite a significant decrease in left ventricular ejection fraction (P = 0.008).

Conclusions  Sevoflurane at one MAC affected the left atrial performance without affecting left ventricular diastolic 
function in patients with grade I and II diastolic dysfunction undergoing CABG.

Trial registration  NCT03999463.
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Background
Left atrium (LA) contributes to the overall myocardial 
performance throughout three phases. First, during 
ventricular systole and isovolumetric relaxation; it acts 
as a reservoir for the blood arriving from the pulmo-
nary veins; second, during early ventricular diastole, 
it serves as a conduit for blood flow from the pulmo-
nary veins to the left ventricle; third, near the end of 
ventricular diastole, it actively pumps blood to the left 

ventricle that contributes to the overall left ventricu-
lar stroke volume by 15 to 30% (Dean Boudoulas et al. 
2014; Marino et al. 2019).

Left atrial performance (LAP) is affected by the preload 
as well as the afterload. The preload is the volume of 
blood received via the pulmonary veins, which is crucial 
to generate a good LAP and hence good left ventricular 
filling. The afterload represents the left ventricular end-
diastolic pressure which increases in stiff ventricles. The 
increased LA afterload renders the LV filling more pump 
dependent (Erol et al. 2001; Hoit 2014).

The left atrial function was not always considered of 
much clinical importance. Given the effects of LAP on 
the overall left ventricular function and cardiac output, 
more studies are conducted to focus on the left atrial 
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function. Even more studies interrogated the LAP as a 
tool for risk stratification of certain group of patients in 
terms of prognosis (Hoit 2014).

The effect of inhalational anesthetics on LAP was 
addressed in some recent studies. Animal studies showed 
a decline in both left atrial and left ventricular functions 
(Gare et al. 2001). They referred to impaired intracellular 
calcium transport and availability (De Hert et  al. 2001). 
Human studies on the other hand confirm that volatile 
anesthetics did impair late diastolic function with no 
effect on the early diastolic filling (Bolliger et al. 2010; Fil-
ipovic et al. 2005). Others confirm the negative effects of 
different volatile anesthetics and positive pressure venti-
lation on LAP (Freiermuth et al. 2014).

Left atrial volumetric measures tend to be more accu-
rate than linear measurements. Echocardiographic 
assessment of the LA volumetric measures is comparable 
to that of cardiovascular magnetic resonance (CMR) with 
clinically irrelevant difference. This makes echocardio-
graphic assessment of LA volumes reliable, cheaper and 
easier to obtain (Blume et al. 2011).

In this study the authors used the intraoperative 
transesophageal echocardiography (TEE) to test the 
effect of sevoflurane on left atrial contractility. Different 
echocardiographic parameters were used in this study, of 
which the left atrial active ejection fraction was chosen 
as the primary outcome. The authors assumed that sevo-
flurane anesthesia may compromise the left ventricular 
filling—secondary to impaired atrial contraction—espe-
cially in patients with impaired left ventricular relaxation. 
Left ventricular diastolic function (LVDF) was assessed 
as a secondary outcome. This study was done on patients 
with preserved left ventricular systolic function undergo-
ing coronary artery bypass grafting (CABG).

Methods
Ethics
This study was conducted on patients who underwent 
coronary artery bypass grafting (CABG) from 1st of July 
2019 to 31st of December 2019. Ethical approval for this 
study was provided by the Research Ethics Committee 
(REC) on 23/6/2019. Written informed consents were 
obtained from all patients. This study was prospectively 
registered at Clinical Trials.gov Identifier: NCT03999463 
on 26/06/2019 and followed the STROBE Checklist of 
items.

Study protocol
Forty patients who met the inclusion criteria were pro-
spectively enrolled in this study which was conducted at 
operating rooms of Ain-Shams University Hospitals. This 
study included adult patients of both sexes, aged between 
40 and 70  years, maintaining sinus rhythm undergoing 

elective CABG with normal diastolic function, or with 
grade I or II diastolic dysfunction (DD) as diagnosed by 
the preoperative transthoracic echocardiography. The 
exclusion criteria included patients with atrial or ven-
tricular arrhythmias, mitral valve disease, pericardial 
disease, grade III DD, patients who had acute or recent 
myocardial infarction, and patients with contraindica-
tions to perform a TEE (Hahn et al. 2013).

All patients were anesthetized according to the same 
institutional protocol. Patients were sedated by 2  mg 
midazolam upon arrival to operating room (OR). After 
establishing of invasive blood pressure monitoring, 
every patient received 2–5  µg/kg fentanyl, 0.5–1  mg/
kg propofol, and 0.6  mg/kg rocuronium. IV anesthetics 
were titrated to achieve adequate anesthesia level before 
endotracheal intubation. Two sets of data were collected, 
the first set before starting sevoflurane with a zero MAC 
sevoflurane (sevoflurane was packed by KAHIRA phar-
maceuticals and chemical industries company under 
license for Abbvie UK). During which, anesthesia was 
maintained via intravenous propofol (50 to 100  mcg.
kg−1.min−1) and fentanyl (1–2  mcg.kg−1.h−1) infusions. 
The second set of data were collected after discontinuing 
propofol infusion and starting sevoflurane to keep an age 
corrected one MAC on the gas analyzer (Draeger primus 
side stream gas analyzer) which was the study end point. 
TEE image acquisition was done 10  min after propofol 
infusion has stopped to avoid the confounding effect of 
propofol on hemodynamics. Given that the half-time 
plasma effect site equilibration time of propofol is 5 and 
up to 10 min in young and elderly patients respectively, 
the propofol infusion—for a short period of time—in 
this study was not contributing to any recorded hemody-
namic derangements (Sahinovic et al. 2018).

Infusion of human albumin 5% “Buminate (Baxter)” 
500  ml/h was instituted for all patients as a part of our 
institutional protocol. Human albumin infusion was 
adjusted to keep a target CVP of 8–12 cm H2O. At time 
of data collection, the hemodynamic parameters were 
recorded.

Data recorded during this study were collected while 
stopping ventilation (end-expiratory) to avoid the con-
founding effects of mechanical ventilation on the left 
atrial contractility. Data were collected from the mid-
esophageal four chamber view (Siemens Acuson 2000, 
Z6M TEE probe). After cessation of mechanical ventila-
tion, adjustment was done on the mid-esophageal four 
chamber view to obtain most of the LA cavity. Resection 
property was utilized (Zoom) while using Color wave 
Doppler and dual image property for better visualiza-
tion and delineation of LA borders. LA volumes were 
measured using the modified Simpson’s method using 
the machine software (Cimadevilla et  al. 2015). Two 
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echocardiographers who are EACTAIC certified for adult 
transesophageal echocardiography were involved in this 
study.

Study parameters

A)	The LA performance was assessed by measuring: LA 
Fractional area change (LA-FAC) measured as the 
(Maximum atrial area (A max)  –  Minimum atrial 
area (A min)/Maximum atrial area (A max) × 100). 
Measurement of maximum LA volume (LAV1), 
minimum LA volume (LAV2) and, pre P wave LA 
volume (LAV3) was done then volumetric LA func-
tion throughout the cardiac cycle was calculated as 
(i) LA reservoir function (LA total emptying fraction) 
(LA-TEF) [(LAV1 − LAV2)/LAV1], (ii) LA conduit 
function (LA passive emptying fraction) (LA-PEF) 
[(LAV1 − LAV3)/LAV1] and, (iii) LA active emptying 
fraction (LA-AEF) (LAV3 − LAV2)/LAV3.

B)	The LV diastolic function and filling status were 
assessed via recording (i) transmitral pulsed wave 
Doppler including A wave maximum velocity (A), E 
wave maximum velocity (E), E/A ratio, and E wave 
deceleration time (E-DT). (ii) Pulmonary venous 
pulsed wave Doppler including S wave maximum 
velocity (S), D wave maximum velocity (D), reversed 
A wave velocity (AR) and reversed A wave duration 
(ARd). (iii) Tissue Doppler at lateral mitral valve 
annulus including a’ wave maximum velocity (a’), e’ 
wave maximum velocity (e’), propagation velocity 
through mitral valve (PV), and E/e’ ratio was then 
calculated.

C)	LV systolic function (LVEF) was measured via the 
“Simpson Mode of Discs method” (MOD).

All measurements were taken according to the Ameri-
can Society of Echocardiography guidelines and were cal-
culated as the mean of three consecutive cardiac cycles. 
All study parameters were collected during preparation 
for surgery, before skin incision (Dernellis and Panaretou 
2003; Hahn et al. 2013).

To determine intra-observer and inter-observer vari-
ability, a random sample of 8 patients’ data sets were 
collected twice by the same anesthetist and after a time 
period of 10 min, by a different anesthetist. Readings col-
lected by the two operators were collected separately. 
Variability was then calculated as the mean absolute dif-
ference between both readings divided by their mean and 
expressed as percentages and their 95% confidence inter-
vals (CIs). Both operators are certified by the EACTAIC 
and accredited to do adult transesophageal echocardiog-
raphy independently.

The mean LA-AEF changes before and after sevo-
flurane anesthesia were set to be the primary outcome, 
while the remaining parameters of left atrial perfor-
mance, left ventricular systolic, and diastolic functions 
were set to be secondary outcomes.

Statistical analysis
Based on a previous study, the Mean (SD) of LA-EF (%), 
MOD 61.0 (9) and 50 (11.0) at basal and intermittent 
positive-pressure ventilation (IPPV) respectively (Frei-
ermuth et  al. 2014) and assuming the correlation coef-
ficient (r) between before and after findings = 0.0, the 
power = 0.80 and α = 0.05, the minimal sample size using 
G*Power 3.1.9.4 program (Erdfelder et  al. 2009) was 15 
cases. The research team recruited 40 cases for possible 
attrition and higher precision.

The collected data were coded, tabulated and statisti-
cally analyzed using IBM SPSS statistics (Statistical Pack-
age for Social Sciences) software version 18.0, IBM Corp., 
Chicago, USA, 2009. Descriptive statistics were done for 
quantitative data as minimum and maximum of the range 
as well as mean (SD) (standard deviation) for quantitative 
normally distributed data, while it was done for qualita-
tive data as number and percentage.

Inferential analyses were done for quantitative vari-
ables using Shapiro–Wilk test for normality testing and 
paired t-test in cases of two dependent groups with 
normally distributed data. The level of significance was 
taken at P value < 0.050 was significant, otherwise was 
non-significant.

Results
Forty patients scheduled for CABG were randomly 
selected for this study. Six patients were excluded before 
being enrolled; two patients had concomitant moderate 
to severe mitral regurgitation, three patients had grade III 
DD, and one patient had atrial fibrillation. After having 
enrolled in the study, two patients had moderate mitral 
regurgitation diagnosed after insertion of the TEE probe 
in the OR and one patient was hemodynamically unsta-
ble, and the study parameters were not recorded. Total 
number of cases who finished the study were 31 patients 
(Fig. 1).

The demographic variables of the enrolled patients were 
presented in (Table 1). Results obtained after statistical anal-
ysis of the two sets of data revealed that sevoflurane expo-
sure significantly increased minimum LA area (P = 0.018) 
and minimum LA volume (P = 0.014) (Table 2) (Fig. 2). LA 
FAC (P = 0.001) and LA-AEF (P = 0.038) were also statisti-
cally significantly decreased after exposure to sevoflurane, 
while LA-TEF and the LA-PEF did not statistically change 
after exposure (Fig. 3) (Table 2).
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A wave velocity of the transmitral pulsed wave Dop-
pler statistically significantly decreased after exposure to 
sevoflurane (P = 0.019). Despite the significant decrease 
in the A wave velocity on the TMPWD, the E/A ratio did 
not show a statistically significant increase after exposure 
to sevoflurane. As for the lateral mitral annular tissue 
Doppler, a’ wave velocity trace dropped significantly after 
sevoflurane exposure (P = 0.021) (Fig. 4) (Table 2).

There were no statistically significant differences before 
and after exposure to sevoflurane as regards the LVDF 
(Table 2). Twenty-five patients showed grade (I) DD and 6 
patients showed grade (II) DD. All patients stayed within 
the same grade of LVDF before and after exposure to 
sevoflurane as evidenced by the readings of the TMPWD, 
pulmonary venous pulsed wave Doppler, transmitral 
flow propagation velocity, and lateral mitral annular TDI 
(Table 2). Left ventricular ejection fraction decreased signif-
icantly after exposure to sevoflurane (P = 0.008) (Table 2).

Bland–Altman plot for both intra-observer and 
inter-observer variabilities, showed that all points lie 
within ± 1.96 SD denoting high intra-observer and inter-
observer agreements of all left atrial volumetric readings 
(Fig. 5).

Discussion
This study was conducted to evaluate intraoperative 
transesophageal echocardiographic (TEE) effects of sevo-
flurane on left atrial performance (LAP) and the left ven-
tricular diastolic function (LVDF) in patients undergoing 
CABG, and concluded that exposure to 1 MAC sevoflurane 
did decrease LA active emptying fraction, LA FAC, the A 
wave velocity of the TMPWD and the a’ wave velocity on 
the mitral annular tissue. Doppler Echocardiography tends 

Fig. 1  The study flow diagram

Table 1  Demographic characteristics among the studied cases

Data are presented as mean and standard deviation (mean ± SD), or frequency 
(percentage)

Total number of patients = 31

BMI body mass index, EF left ventricular ejection fraction, DM diabetes mellitus, 
HTN hypertension, CLD chronic liver disease

Variables Mean (SD)

Age; years, mean ± SD 58.5 ± 8.4

BMI; kg/m2, mean ± SD 28.9 ± 4.1

EF; %, mean ± SD 49.6 ± 3.0

Male/female; n 22/9

Smoker; n, % 7 (22.6)

DM; n, % 18 (58.1)

HTN; n, % 14 (45.2)

CLD; n, % 5 (16.1)
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to underestimate LA volumes when compared with car-
diac MRI or CT, yet it is easier to use, more cost effective 
and, the differences between both modalities are clinically 
irrelevant (Hoit, 2014). It is more practical to obtain results 
online while performing routine perioperative TEE studies, 
offering the technique more clinically useful (Filipovic et al. 
2007).

The effects of sevoflurane on the LAP and LVDF were 
studied  in animals and humans, yet the results were 

not always conclusive and sometimes contradictory. The 
study designs used were sometimes retrospective and the 
methodologies were not taking into consideration real 
time TEE examinations (Kehl et  al. 2003; Rupert et  al. 
2010). Similarly, positive pressure ventilation is known to 
substantially affect the LA performance, even in healthy 
subject (Couture et al. 2009; Freiermuth et al. 2014).

Hence, the need of testing sevoflurane effects on 
the LAP and LVDF using the intraoperative TEE in a 

Table 2  Parameters among the studied cases

Minimum LAA and minimum LAV were significantly increased, while A-Vmax, A’, LVEF and LA- FAC were significantly decreased

SE standard error, CI confidence interval, LAA left atrial area, LAV left atrial volume, LA-FAC left atrial functional area change, LA-TEF left atrial total emptying fraction, 
LA-PEF left atrial passive emptying fraction, LA-AEF left atrial active emptying fraction, E E wave maximum velocity, A A wave maximum velocity, E/A ratio between A 
and E, E-dt E wave deceleration time, S S wave maximum velocity, D D wave maximum velocity, AR reversed A wave velocity, ARd reversed A wave duration, a’ a’ wave 
maximum velocity, e’ e’ wave maximum velocity, PV propagation velocity through the mitral valve, LVEF left ventricular ejection fraction, E/e’ ratio between E and e’
# Change = After-before
# Negative values indicate reduction

^Paired t test
* Significant

Items Before sevoflurane After sevoflurane Change# ^p

Mean ± SE 95% CI

Left atrial performance parameters

  Maximum LAA; cm2 12.9 ± 3.3 13.1 ± 3.5 0.2 ± 0.4  − 0.6–1.0 0.599

  Minimum LAA; cm2 8.6 ± 3.8 9.6 ± 3.6 1.0 ± 0.4 0.2–1.7 0.018*
  Pre-A wave LAA; cm2 10.6 ± 2.7 11.1 ± 3.0 0.5 ± 0.4  − 0.2–1.2 0.155

  LAV1; cm3 34.0 ± 14.0 36.0 ± 13.7 2.1 ± 1.8  − 1.7–5.8 0.270

  LAV2; cm3 18.7 ± 11.6 22.1 ± 11.0 3.4 ± 1.3 0.7–6.0 0.014*
  LAV3; cm3 25.8 ± 9.8 26.8 ± 11.1 1.0 ± 1.6  − 2.4–4.4 0.543

  LA-FAC; % 35.0 ± 17.7 27.9 ± 18.1  − 7.1 ± 10.3  − 10.9 to − 3.2 0.001*
  LA-TEF; % 47.5 ± 17.3 42.1 ± 15.1  − 5.4 ± 16.1  − 11.3–0.5 0.071

  LA-PEF; % 15.9 ± 40.6 17.6 ± 40.7 1.7 ± 21.0  − 6.8–10.1 0.692

  LA-AEF; % 32.2 ± 24.2 18.0 ± 36.8 14.1 ± 6.5 0.8–27.5 0.038*
Left ventricular diastolic function parameters

  I) Transmitral PWD

    E; cm/s 58.5 ± 18.7 58.0 ± 17.9  − 0.5 ± 2.1  − 4.8–3.9 0.827

    A; cm/s 43.0 ± 18.5 38.6 ± 14.5  − 4.4 ± 1.8  − 8.1 to − 0.8 0.019*
    E/A 1.5 ± 0.7 1.7 ± 0.8 0.2 ± 0.1 0.0–0.3 0.117

    E-DT; ms 203.2 ± 59.3 192.6 ± 59.5  − 10.6 ± 9.6  − 30.3–9.2 0.282

  II) Pulmonary venous PWD

    S; cm/s 38.5 ± 14.1 35.1 ± 11.7  − 3.4 ± 2.0  − 7.6–0.8 0.108

    D; cm/s 43.8 ± 63.5 34.4 ± 14.6  − 9.4 ± 12.2  − 34.4–15.6 0.448

    AR; cm/s 14.6 ± 5.2 14.3 ± 5.8  − 0.3 ± 1.1  − 2.6–2.0 0.803

    ARd; ms 116.6 ± 35.0 111.7 ± 31.2  − 4.9 ± 5.9  − 16.9–7.2 0.412

  III) Tissue Doppler at lateral mitral area

    e’; cm/s 8.0 ± 3.4 7.9 ± 4.4  − 0.1 ± 0.8  − 1.8–1.6 0.885

    a’; cm/s 7.3 ± 2.5 6.2 ± 1.6  − 1.1 ± 0.4  − 1.9 to − 0.2 0.021*
    E/e’ 8.5 ± 3.8 10.9 ± 9.4 2.3 ± 9.5  − 1.3–6.0 0.202

    PV cm/s 34.6 ± 11.0 31.8 ± 9.1  − 2.8 ± 1.8  − 6.4–0.8 0.126

Left ventricular systolic function parameters

  LVEF % 50.1 ± 7.7 48.8 ± 8.2  − 1.2 ± 0.4  − 2.1 to − 0.4 0.008*
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prospective design and during cessation of mechanical 
ventilation.

Meir Gare et  al. in 2001 concluded that sevoflurane 
did affect the LA active ejection fraction while the LA 
reservoir and conduit functions were maintained. The 
overall ejection fraction was not affected which may be 
attributed to the preserved and even augmented pas-
sive LA contribution to the LV filling (Gare et al. 2001). 
Similarly, Freiermuth et al. described a significant drop 
of LA active emptying volume caused by volatile anes-
thetics, with no such effect on both conduit and reser-
voir functions (Freiermuth et  al. 2014). Those findings 
were in agreement with our results, with a drop of LA 
active emptying fraction and preserved LA total empty-
ing fraction. This could be attributed to the preserved 
LA passive emptying fraction which actually increased 
yet was non-statistically significant. May be a larger 
sample size was needed to get a statistically significant 
result.

The LA FAC in this study significantly declined after 
exposure to sevoflurane. This finding was in agreement 
with Freiermuth et  al., who found a decline in the LA 
FAC after exposure to sevoflurane during spontane-
ous and mechanical ventilation (Freiermuth et al. 2014). 
These results were in contrast to that obtained by Bolliger 
et al. who found no change in the LA FAC after exposure 
to sevoflurane (Bolliger et al. 2010).

The TMPWD A wave and the a‵ velocity are important 
parameters that correlate with atrial contractility. Bol-
liger et  al. examined the a’ velocity changes in healthy 
volunteers exposed to 1 MAC of sevoflurane. The results 
obtained were consistent with results obtained in this 
study, with a decrease of both the TMPWD A wave and 
the a’ velocity after exposure to sevoflurane (Bolliger 
et al. 2010).

Added to the decline in LA active ejection fraction 
using the Simpson’s MOD technique, the decline in both 
TMPWD A wave and a‵ wave velocities, the authors 
of this study concluded that sevoflurane significantly 
decreased the LA active emptying fraction.

There was no significant effect on LVDF under sevoflu-
rane anesthesia in this study. The results obtained from 
the TMPWD, pulmonary PWD and tissue Doppler were 
statistically non-significant after exposure to sevoflurane. 
The significant drop of the A wave velocity after expo-
sure to sevoflurane was associated with a non-significant 
drop in the E wave velocity. Hence, the E/A ratio wasn`t 
changed after sevoflurane anesthesia. The effects of vola-
tile anesthetics on LVDF were not always consistent in 
previous studies. In one study done by Filipovic et al. on 
patients with no previous cardiovascular disease found 
no effect of sevoflurane on LVDF (Filipovic et al. 2005).

Fig. 2  Mean changes and its 95% confidence interval (CI) of the 
maximum, minimum and pre-P wave left atrial volumes before and 
after 1 MAC sevoflurane anesthesia. LAV; left atrial volume. * Denotes 
significance

Fig. 3  Comparative changes of left atrial volumetric function 
throughout the cardiac cycle before (filled circle) and after (filled 
triangle) 1 MAC sevoflurane anesthesia. LA-FAC (%); left atrial 
functional area change, LA-TEF (%); left atrial total emptying fraction 
(left atrial reservoir function %), LA-PEF (%); left atrial passive 
emptying fraction (left atrial conduit function %), LA-AEF (%); left 
atrial active pump function. * Denotes significance based on paired 
t test

Fig. 4  Mean changes and its 95% confidence interval (CI) of 
trans-mitral of pulsed wave Doppler, and tissue Doppler at lateral 
mitral annulus variables before and after anesthesia with 1 MAC 
sevoflurane, E; E wave maximum velocity (cm/sec), A; A wave 
maximum velocity(cm/sec), E/A; ratio between A and E, a’; a’ wave 
maximum velocity(cm/sec), e’; e’ wave maximum velocity(cm/sec), 
E/e’; ratio between E and e’. * Denotes significance
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Fig. 5  Bland–Altman plots of intra-observer (LAV1a, LAV2a, LAV3a) cm3, and inter-observer (LAV1b, LAV2b, LAV3b) cm3, measurements of left atrial 
maximum volume, left atrial minimal volume and, left atrial pre-P wave volume respectively. Denoting high intra-observer and inter-observer 
agreements (cm^3 denotes cm3)
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In another study done by Filipovic et al. comparing the 
effects of sevoflurane and propofol in patients with aortic 
stenosis, revealed better effects on LVDF of sevoflurane 
than propofol during spontaneous ventilation (Filipovic 
et al. 2007).

The negative inotropic effect of volatile anesthetics 
including sevoflurane is well known. Yet this effect is not 
always clinically relevant unless a change in loading con-
ditions occur. The LV ejection fraction was significantly 
affected after exposure to sevoflurane in this study, which 
could be attributed more to the decline in late LV filling 
caused by a significant drop in LA active atrial ejection 
fraction. These effects should be more evident in these 
subgroups of patients with grade I or II LVDD who were 
already suffering impaired LV relaxation. This drop in 
LVEF could be also attributed to the direct negative ino-
tropic effect of sevoflurane on the left ventricle. A similar 
effect of sevoflurane was noticed by Kingwill et al., who 
concluded that sevoflurane has a direct negative ino-
tropic effect on healthy subjects using the Tei index with-
out a clinically relevant effect (Kingwill et al. 2017).

This study was the first to examine the left atrial perfor-
mance using the TEE in a real time (Fig. 6) (Supplement: 
Normal echocardiographic measurements). It might 
be clinically helpful to consider the left atrial emptying 

fraction intraoperatively, especially in patients with DD 
who need fine tuning of the hemodynamics to obtain 
adequate cardiac output. This is getting more importance 
added to that the commonly used anesthetics—as sevo-
flurane—can influence the overall cardiac performance 
even in patients with preserved LV systolic function.

This study had several limitations. The first one was 
the small number of included patients. Second, the lack 
of baseline TTE study before induction of anesthesia and 
during spontaneous ventilation to measure the effect 
of positive ventilation on the LAP in this subgroup of 
patients. Third, the left atrial cavity cannot be entirely 
visualized using TEE, obviously because the probe is too 
much close to the LA cavity. Hence, The TEE assessment 
of the LA areas and volumes needs a well-trained opera-
tor to avoid foreshortening of the cavity and to obtain 
accurate readings. The Mid-esophageal four chamber 
view is not the best to trace most of the LA cavity, yet 
the view allowed the echocardiographers to record all 
study parameters in the available time window during 
surgery. Besides, the authors were not aiming to calcu-
late the full volume of the left atrium, but were focusing 
on the changes in volume throughout the cardiac cycle, 
which were accurately traced at the same time as a ratio 
and not as an absolute figure. Fourth, in future studies, 

Fig. 6  LA area and PWD parameter evaluations. The uppe row showed maximum (left upper pulmonary vein was not included, labeled by arrow), 
minimum, and pre P-wave (just before the P wave on the ECG trace, labeled by arrow). LA area and volume evaluation via MOD. The lower row 
showed transmitral and transpulmonary vein PWD evaluation. All paramaters were measured in the four chamber view. LA, left atrium
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the LV systolic function needs to be studied with other 
methods rather than the modified Simpson’s MOD, to 
avoid the confounding effects of regional wall motion 
abnormalities in this group of patients. Lastly, it was 
not possible for the authors to include dynamic assess-
ment of the cardiovascular system (e.g., leg elevation) in 
the methodology. This could have better neutralized the 
effects of hemodynamic changes during anesthesia on 
the obtained results.

The research team concluded that at a dose of one 
MAC, sevoflurane significantly affected the left atrial 
contractility in this cohort of patients without a signifi-
cant effect on the LVDF. Despite that sevoflurane did not 
worsen the degree of DD, it did affect the left ventricular 
late filling and subsequently the LVEF. Given the results 
of this study, the authors assume that sevoflurane may 
not be the best choice for maintenance of anesthesia in 
such patients. In patients with grade, I and II LVDD, the 
left ventricular filling during late diastole is impaired dur-
ing sevoflurane anesthesia. While these patients depend 
on the late active LV filling to achieve an adequate car-
diac output, sevoflurane anesthesia at one MAC disrupts 
this compensatory mechanism. Accordingly, it is advised 
to avoid sevoflurane anesthesia in this cohort of patients 
when they are presenting with a low cardiac output 
state as a part of low cardiac output management pro-
tocol. More prospective studies, including larger group 
of patients are required in the future to validate these 
findings.

Conclusions
Sevoflurane at one MAC significantly affected the LAP 
without a significant effect on the LVDF in patients with 
preoperative grade I and II diastolic dysfunction under-
going CABG.
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