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Abstract: Accurate assessment of mitral regurgitation (MR) is critical during mitral valve repair surgery.
However, anesthesia may influence the degree of mitral regurgitation by changing pre- and after-load
or cardiac contractility. Therefore, we compared changes in mitral regurgitation by total intravenous
anesthesia (TIVA) and inhalation anesthesia in patients with pre-existing mitral regurgitation. This
was a double-blind randomized controlled study conducted at a tertiary care center in 2018. Fifty-four
mitral regurgitation patents undergoing elective cardiac surgery were randomly assigned to receive
TIVA or isoflurane. Primary endpoint was change of regurgitation volume by anesthesia. The
reduction of regurgitation volume by anesthesia was greater in the isoflurane group than in the TIVA
group (mean (95% confidence interval CI): −0.20 (−6.15, 5.75) vs. −9.66 (−15.77, −3.56), mL·beat−1,
p = 0.0266) and this phenomenon was more prominent with severe mitral regurgitation (grade 3 or 4)
(mean (95% CI): −0.33 (−9.10, 8.44) vs. −16.20 (−24.22, −8.18), mL·beat−1, p = 0.0079). Among patients
with MR grade 3 or 4, 94% remained the same with TIVA during anesthesia compared to 56% with
isoflurane. In conclusion, TIVA maintained the pre-anesthetic state of mitral regurgitation relatively
well, while the severity of mitral regurgitation tended to decrease with isoflurane anesthesia.
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1. Introduction

Evaluation of the degree of mitral regurgitation (MR) is essential during anesthesia for mitral
valve surgery [1]. If MR is found after cardiopulmonary bypass weaning, the decision must be made
whether additional surgery is required or simple observation will do [1]. Hari et al. [1] demonstrated
that late event free survival was significantly lower in patients with remnant MR after cardiac surgery.

However, the degree of MR may change during anesthesia. During general anesthesia, the overall
sympathetic tone decreases, myocardial contraction decreases, and pre- and after-load decrease. The
net effect can influence pre-existing MR and may result in measurement values different from the
pre-operative assessment [2,3].

Inhalation anesthesia and total intravenous anesthesia (TIVA) are used alternatively for cardiac
anesthesia. Inhalation agents are known to be effective for reducing perioperative myocardial
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ischemia-reperfusion injury with an ischemic preconditioning effect [4–8]. Most inhalation anesthetics
decrease myocardial function, but cardiac output (CO) is relatively maintained due to a preserved
baroreflex [9,10]. TIVA using continuous infusion of propofol and remifentanil offers the benefit of no
air pollution, a short half-life and rapid recovery. Propofol, the key agent in TIVA, reduces cardiac
contractility, but the ejection fraction is maintained with the vasodilation effect [11,12].

There have been few studies dealing with changes in pre-existing MR with different anesthetic
agents. Consideration of anesthesia and the possibility of different effects of each anesthetic may
be required before assessing the degree of MR and determining the need for further surgery [13],
which has ramifications for postoperative outcomes. Therefore, in the current study, we investigated
how much influence anesthetics have on the degree of MR, and which anesthetic better reflects the
pre-anesthesia state of MR in patients undergoing cardiac surgery.

2. Materials and Methods

This prospective, randomized, parallel group study was approved by our Institutional Review
Board (Ethical committee of Samsung Medical Center Institutional Review Board SMC 2017-07-107,
Chairperson Prof. Suk-Koo Lee, date of approval Sep 09, 2017, Seoul, Korea) and registered prior to
patient enrollment at the Clinical Research Information Service (KCT 0002767; Principle investigator:
H J A; date of registration March 14, 2018, https://cris.nih.go.kr/cris). Written informed consent was
obtained from all participants. This manuscript adheres to the CONSORT guidelines.

2.1. Patients

This study was performed between March and Oct 2018 at the Samsung Medical Center (Seoul,
Korea). A total of 82 patients undergoing cardiac surgery were assessed for eligibility. Of these patients,
56 met the inclusion and exclusion criteria. Two patients declined to participate. Therefore, 54 patients
were enrolled by study staff (Figure 1).
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Figure 1. CONSORT flow diagram.

The inclusion criteria were patients undergoing elective cardiac surgery and having MR greater
than mild, age > 19 years, American Society of Anesthesiologists physical status (ASA) I–IV. The
exclusion criteria were: (1) absence of preoperative transesophageal echocardiography (TEE); (2)
previous valvular surgery; (3) regional wall motion abnormality of akinesia, dyskinesia, or aneurysmal
change at any segment; (4) Eigenmenger syndrome; (5) disease or surgical history in the gastrointestinal
system that contraindicated insertion of TEE; and (6) coagulation abnormalities. Dropout criteria
were measurement error, unstable hemodynamics, or inotrope/vasopressor administration during
TEE measurement.
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2.2. Randomization and Blinding

Randomization to receive TIVA or isoflurane was done by a computer-generated random
numbers table (www.randomizer.org) and permuted-block randomization with a fixed block size. The
sequential random numbers were concealed in opaque envelopes that were identical. An attending
anesthesiologist who was not involved in the study opened the sealed envelope just before anesthesia
induction and provided the allocated anesthetic drugs according to group assignment. A single
designated anesthesiologist performed intraoperative TEE. During the TEE examination, the vital
sign monitor, gas vaporizer and syringe pump were hidden with an opaque screen so that the
anesthesiologist performing TEE did not know the type of anesthesia. The attending anesthesiologist
recorded intraoperative hemodynamic variables. All views and measurements were stored in a picture
archival and communication system (PACS, Centricity Enterprise Web V3.0, GE Healthcare, Palo Alto,
CA, USA). All results were collected after the study was finished. The surgeon, patients, and data
analyzer were blinded to group assignments.

2.3. Anesthesia Protocol

Anesthesia was maintained with propofol (80 to 120 mcg/kg/min) in the TIVA group and around
1 minimum alveolar concentration (MAC) isoflurane in the isoflurane group. Propofol or isoflurane
was titrated for a bispectral index between 40 to 50. Remifentanil was continuously infused in both
groups (0.0–0.2 mcg/kg/min). For muscle relaxation, 0.8 mg/kg rocuronium was administered before
intubation and vecuronium was continuously infused for maintenance in both groups.

After endotracheal intubation, lungs were mechanically ventilated using tidal volumes of
6–8 mL/kg of ideal body weight, an inspired oxygen fraction of 0.5, and positive end-expiratory
pressure of 5 cmH2O. The respiratory rate was adjusted to maintain end-tidal carbon dioxide at 35 to
40 mmHg.

2.4. TEE Measurement

2.4.1. Preoperative TEE

Baseline TEE was performed by a cardiologist in the echocardiography laboratory. Patients fasted
for at least 8 h before TEE examination, and Xylocaine (Aspen, Xylocaine® 10% Pump spray, Luton,
Ireland) was sprayed on the pharynx just before they entered the examination room. Patients were
sedated during TEE using 25 mg pethidine and 2 mg midazolam (up to 5 mg). TEE examination was
performed using a multiplane probe (Philips iE33; Philips Medical Systems, Andover, MA, USA). Mitral
valve motion was categorized using Carpentier’s classification [14]. All views and measurements
were stored in a picture archival and communication system (PACS, Centricity Enterprise Web V3.0,
GE Healthcare, USA).

2.4.2. Intraoperative TEE

Imaging and measurement of MR were started 15 min after anesthesia induction and finished
before the first skin incision. During examination, excessive stimulation was avoided, and the BIS level
was kept between 40 and 50. No inotropes or vasopressors were administered starting 10 min before
and during the measurement period. All TEE (Philips iE33, Philips Medical Systems, Andover, MA,
USA) was performed by a designated anesthesiologist who was not involved in the study and was
experienced at mitral valve evaluation, having viewed 100 previous cases. All measurements were
conducted more than three times and the mean value was recorded.

2.5. MR Data Acquisition

Preoperative TEE images were reviewed before surgery and intraoperative TEE view was
optimized accordingly by the designated TEE anesthesiologist. The TEE probe was adjusted to find

www.randomizer.org
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the jet flow most similar to the preoperative view and the MR image was zoomed. Imaging angle
and the axis of flow convergence were aligned within 10 degrees before measurement. The aliasing
velocity was decreased to around 40 cm·s−1 and the MR color flow was obtained at the end systolic
phase. Maximal proximal isovelocity surface area (PISA), effective regurgitant orifice area (EROA),
and regurgitation volume were obtained [15–17]. PISA was assumed to occur at the time of peak
regurgitation volume.

2.6. Statistics

Our primary endpoint was mitral regurgitation volume between the two anesthetic groups. In a
pilot study, we found that regurgitation volume decreased by 7.8 mL·beat−1 under isoflurane anesthesia
with a standard deviation of 5.8 mL·beat−1 compared to the pre-anesthesia measurement. To detect
a 20% difference in regurgitation volume between the two anesthetics, 24 patients per group were
required for a power of 0.8 and an alpha of 0.05. With a 10% dropout, we planned to recruit a total of
54 patients (27 patients for each group).

Continuous variables are presented as the mean± standard deviation (SD) or median (interquartile
range) as appropriate. Categorical variables are described as count (%). The normal distribution of
data was evaluated with the Shapiro–Wilk test. Confidence intervals for non-normally distributed
variables were calculated using the Hodges–Lehmann estimator.

The primary outcome (regurgitation volume) between the two groups was compared using
an independent t-test. Regurgitation volume was also compared between the two groups after
adjustment for heart rate and systolic blood pressure. The distribution of MR grade pre-anesthesia and
intra-anesthesia was analyzed using McNemar’s test and Pearson’s chi-square test. Other continuous
variables were analyzed using an independent t-test or Wilcoxon rank sum test. Categorical variables
were analyzed using Pearson’s chi-square test or Fisher’s exact test. Intragroup comparisons between
pre- and intra-anesthesia measurements were conducted using a paired samples t-test or Wilcoxon’s
signed-rank test. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA). A two-tailed p-value less than 0.05 was considered to be statistically significant.

3. Results

All 54 enrolled patients finished the study (n = 27 for each group). There were no differences
in demographic or operational data between the two groups (Table 1). There were no differences in
hemodynamics and the degree of pre-anesthesia MR between the two groups. Included surgeries were
mitral valve repair and coronary artery bypass surgery (Table 2).

During anesthesia, systolic and mean blood pressure and left ventricular ejection fraction were
lower in the isoflurane group than in the TIVA group (113 mmHg vs. 102 mmHg, p = 0.0228; 80 mmHg
vs. 71 mmHg, p = 0.0304; 53% vs. 49%, p = 0.0072) (Table 2).

In intragroup comparisons, PISA decreased in both groups during anesthesia. However, EROA
and regurgitation volume decreased only in the isoflurane group during anesthesia (Table 2).

Table 3 compares hemodynamic changes (∆: intra-anesthesia minus pre-anesthesia) between
groups. The reduction of systolic blood pressure (−1 mmHg vs. −14 mmHg, p = 0.0174), mean
blood pressure (0 mmHg vs. −11 mmHg, p = 0.0194), and regurgitation volume (−0.20 mL/beat vs.
−9.66 mL/beat, p = 0.0266) were higher in the isoflurane group than the TIVA group. Greater reduction
of regurgitation volume in the isoflurane group remained consistent after adjustment of different heart
rate and systolic blood pressure of the two groups (Table 4, β− coefficient = −9.18, p = 0.0451). The
reduction of PISA and EROA were also higher in the isoflurane group than the TIVA group but did not
reach statistical significance (Table 3).
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Table 1. Demographic data.

TIVA (N = 27) Isoflurane (N = 27)

Gender (Female/Male) 14/13 10/17
Age, years 61 (11) 62 (10)
Weight, kg 61 (11) 67 (13)
Height, cm 161 (8) 164 (11)

ASA PS (III/IV) 13/14 14/13
Carpentier classification (I/II/IIIa/IIIb) 0/14/9/4 0/13/9/5

Operation
MVR/CABG 23/4 22/5

Underlying disease 16 16
Diabetes mellitus 7 7

Hypertension 8 11
Atrial fibrillation 17 16

Others 14 11
Smoking 9 6
Alcohol 12 11

Beta blocker 7 9
ACEi/ARB 7 5

Digoxin 6 2

All data are presented as mean (SD) or number. There was no difference between the two groups. Abbreviations:
ASA PS, American Society of Anesthesiologists physical status classification; MVR, mitral valve repair; CABG,
coronary artery bypass graft; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker;
TIVA, total intravenous anesthesia; Others included chronic kidney disease, chronic obstructive pulmonary disease,
cerebral infarction and thyroid disease.

Table 2. Hemodynamics and mitral regurgitation grade.

Pre-Anesthesia Intra-Anesthesia

TIVA (N = 27) Isoflurane
(N = 27) p TIVA

(N = 27)
Isoflurane
(N = 27) p

HR (beat/min) 70 (54 to 81) 76 (65 to 88) 0.05 63 (59 to 86) 70 (65 to 84) 0.50
SBP (mmHg) 112 (103 to126) 112 (104 to 129) 0.62 113 (16) 102 (18) 0.023
MBP (mmHg) 80 (12) 83 (13) 0.448 80 (14) 71 (13) 0.0304
DBP (mmHg) 65 (13) 70 (13) 0.126 62 (16) 62 (13) 0.85

EF (%) 62 (59 to 64) 57 (52 to 64) 0.15 53 (52 to 60) 49 (44 to 55) 0.007
RVSP (mmHg) 43 (15) 45 (17) 0.76 39 (12) 39 (14) 0.99

RWMA 1 5 0.08 1 5 0.08
LAE/RAE 27/10 27/8 -/0.85 27/10 27/8 -/0.85
PISA (cm) 0.85 (0.17) 0.85 (0.26) 1 0.77 (0.2) 0.72(0.22) 0.39

EROA (mm2) 34 (25 to 41) 35 (22 to 51) 0.65 25 (13 to 42) 26 (15 to 42) 0.67
RV (mL/beat) 52 (22) 54 (30) 0.76 53 (29 to 73) 36 (27 to 57) 0.25

All data are presented as mean (SD) or median (interquartile range). Abbreviations: HR, heart rate; SBP, systolic
blood pressure; MBP, mean blood pressure; DBP, diastolic blood pressure; EF, ejection fraction; RVSP, right
ventricular systolic pressure; RWMA: regional wall motion abnormality; LAE, left atrial enlargement; RAE, right
atrial enlargement; PISA, maximal proximal isovelocity surface area; EROA, effective regurgitation orifice area; RV,
regurgitation volume. Intragroup comparison, compared to pre anesthesia value: Systolic BP (Isoflurane, p = 0.0020);
Diastolic BP (Isoflurane, p = 0.0155); Mean BP(TIVA, p < 0.0001), Ejection fraction (TIVA, p < 0.0001, Isoflurane, p
< 0.0001); RVSP (TIVA, p = 0.0007, Isoflurane, p = 0.0028); PISA (TIVA, p = 0.0118, Isoflurane, p < 0.0001); EROA
(Isoflurane, p = 0.0048); Regurgitation Volume (Isoflurane, p = 0.0032).

The grade of pre-existing MR was also important (Table 3). Among patients with MR grade 1 or
2, the reduction in regurgitation volume was not different between the two groups (−2.24 mL·beat−1

vs. −2.58 mL·beat−1, p = 0.92). However, among patients with a high MR grade (grade 3 and 4), the
isoflurane group had a greater reduction of regurgitation volume than the TIVA group (−0.3 beat−1 vs.
−16.20 mL·beat−1, p = 0.0079).
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Table 3. Changes in hemodynamics according to mitral regurgitation (MR) grade and
Carpentier classification.

Total TIVA (N = 27) Isoflurane (N = 27) p

∆HR (beat/min) 4 (−8, 13) −3 (−11, 0) 0.10
∆SBP (mmHg) −1 (−8, 6) −14 (−23, −6) 0.017
∆MBP (mmHg) 0 (−6, 6) −11 (−19, −4) 0.0192
∆DBP (mmHg) −2 (−9, 4) −8 (−15, −2) 0.17

∆EF (%) −6 (−7, −4) −7 (−9, −6) 0.18
∆RVSP (mmHg) −5 (−7 to −2) −6 (−9 to −2) 0.56

∆PISA (cm) −0.08 (−0.14, −0.02) −0.13 (−0.19, −0.08) 0.21
∆EROA (mm2) −4.73 (−9.61, 0.15) −9.07 (−14.64, −3.50) 0.23
∆RV (mL/beat) −0.20 (−6.15, 5.75) −9.66 (−15.77, −3.56) 0.0266

MR grade 1,2 TIVA (N = 11) Isoflurane (N = 11) p

∆HR (beat/min) 3 (−8, 13) 3 (−12, 19) 0.95
∆SBP (mmHg) 4 (−9, 17) −15 (−30, 0) 0.0410
∆MBP (mmHg) −1 (−13, 13) −6 (−28, 3) 0.3091
∆DBP (mmHg) −5 (−18, 7) −4 (−14, 6) 0.86

∆EF (%) −5 (−7, −4) −6 (−8, −3) 0.69
∆RVSP (mmHg) −6 (−9, −3) −5 (−9, −1) 0.75

∆PISA (cm) −0.08 (−0.17, 0.01) −0.065 (−0.15, 0.02) 0.75
∆EROA (mm2) −4.38 (−12.26, 3.50) −0.48 (−4.78, 3.82) 0.34
∆RV (mL/beat) −2.24 (−7.80, 2.74) −2.58 (−9.60, 12.20) 0.92

MR grade 3, 4 TIVA (N = 16) Isoflurane (N = 16) p

∆HR (beat/min) 1 (−7, 9) −7 (−14, 0) 0.13
∆SBP (mmHg) −4 (−14, 5) −14 (−26, −2) 0.18
∆MBP (mmHg) −1 (11, 15) −15 (−27, −5) 0.0373
∆DBP (mmHg) 0 (−8, 8) −11 (−21, −2) 0.06

∆EF (%) −6 (−9, −4) −8 (−10, −6) 0.19
∆RVSP (mmHg) −4 (−7, 0) −6 (−12, 0) 0.42

∆PISA (cm) −0.13 (−0.19, −0.04) −0.19 (−0.24, −0.11) 0.14
∆EROA (mm2) −4.98 (−11.95, 1.20) −13.47 (−21.95, −4.98) 0.10
∆RV (mL/beat) −0.33 (−9.10, 8.44) −16.20 (−24.22, −8.18) † 0.0079

Carpentier
classification (II) TIVA (N = 14) Isoflurane (N = 13)

∆HR (beat/min) 1.5 (−11, 9) −7 (−13, 3) 0.47
∆SBP (mmHg) −6 (−17, 1) −9 (−20, 4) 0.94
∆MBP (mmHg) −4 (−13. 3) −3 (16, 4) 0.84
∆DBP (mmHg) −4 (−14, 3) −1 (−14, 6) 0.78

∆EF (%) −4 (−8, 0) −10 (−11, −6) 0.12
∆RVSP (mmHg) −4 (−9, 0) −5 (−10, −1) 0.69

∆PISA (cm) −0.11 (−0.20, 0) −0.12 (0.18, −0.06) 0.71
∆EROA (mm2) −4.75 (−12.60, 3.76) −9.00 (−20.23, −3.24) 0.19
∆RV (mL/beat) −2.95 (−9.04, 5.65) −11.00 (−14.71, −3.50) 0.10

Carpentier
classification (IIIa/IIIb) TIVA (N = 13) Isoflurane (N = 14)

∆HR (beat/min) 6 (−4, 12) −1.5 (−13, 12) 0.50
∆SBP (mmHg) 2 (−4, 18) −14 (−34, −8) 0.0021
∆MBP (mmHg) 3 (−8, 12) −12 (−23, −7) 0.0124
∆DBP (mmHg) 6 (−9, 12) −12 (−22, −3) 0.0375

∆EF (%) −6 (−8, −4) −7 (−8, −4) 0.87
∆RVSP (mmHg) −5 (−8, −1) −6 (−12, 1) 0.70

∆PISA (cm) −0.05 (−0.15, 0.03) −0.15 (−0.23, −0.04) 0.20
∆EROA (mm2) −1.60 (11.44, 1.30) −1.90 (−13.07, 3.33) 0.97
∆RV (mL/beat) −3.73 (−9.22, 12.04) −7.95 (−21.67, 1.32) 0.12

All data are presented as mean or median (95% Confidence 505 Interval). ∆, intra-anesthesia minus pre-anesthesia.
Abbreviations: HR, heart rate; SBP, systolic blood pressure; MBP, mean blood pressure; DBP, diastolic blood pressure;
EF, ejection fraction; RVSP, right ventricular systolic pressure; PISA, maximal proximal isovelocity surface area;
EROA, effective regurgitation orifice area; RV, regurgitation volume.
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Table 4. Hemodynamic corrected regurgitation volume.

β-Coefficient Standard Error p-Value

∆HR (beat/min) 0.00681 0.143 0.96
∆SBP (mmHg) 0.023 0.118 0.85

Group T Reference
Group I −9.181 4.467 0.0451

Abbreviations: HR, heart rate; SBP, systolic blood pressure; T, TIVA; I, isoflurane.

In our study, 16 patients (59%) in each group had pre-anesthesia MR grade 3 or 4. During
anesthesia, 15 patients (94%) still had MR grade 3 or 4 in the TIVA group but only 9 patients (56%)
maintained MR grade 3 or 4 in the isoflurane group (p = 0.26) (Figure 2). In Figure 3, pre- and
intra-anesthesia MR grades were plotted with a diagonal line (no change). Most patients’ data points
were around the diagonal line in the TIVA group, but most of those data points were plotted under the
diagonal line in the isoflurane group because intra-anesthesia MR was lower than pre-anesthesia MR.
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Figure 2. Changes in intraoperative and preoperative mitral regurgitation grade. In the TIVA group,
there was no change in mitral regurgitation grade 3 and 4; however, in the isoflurane group, mitral
regurgitation grade 3 and 4 decreased during anesthesia.

Underling mechanisms of mitral regurgitation may also influence the regurgitation volume.
Therefore, we performed a subgroup analysis according to valvular pathologies. We did not have
Carpentier classification type I patients (dilated type with normal leaflet motion). Thus, the Carpentier
classification type II (increased leaflet motion) and III (restrictive leaflet motion) were compared. Most
hemodynamic variables failed to show difference between the TIVA and isoflurane groups including
regurgitation volume in each category of Carpentier classification (Carpentier classification type II
(−3 mL vs. −11 mL) and III (−4 mL vs. −8 mL), TIVA vs. isoflruane). Only blood pressures were
significantly lower in the isoflurane group than in the TIVA group in Carpentier classification type III
(Table 3).
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Figure 3. (A,B) Bubble plot. The TIVA group (A) maintained pre-anesthesia grade mitral regurgitation
during anesthesia (p = 0.5438). The grade of mitral regurgitation showed a tendency of reduction
during anesthesia in the isoflurane group (p = 0.0884) (B). Bubbles on the diagonal line indicate patients
whose mitral regurgitation grade did not change during anesthesia. Bubbles under the diagonal line
indicate patients whose MR grade decreased during anesthesia. Bubbles above the diagonal line
indicate patients whose mitral regurgitation grade increased during anesthesia. X: Pre-anesthesia
grade, Y: Intra-anesthesia grade.

4. Discussion

This study demonstrated that pre-existing MR may change differently according to the type of
anesthetic agent. MR may be more underestimated with isoflurane anesthesia than with TIVA.

During cardiac surgery, MR is evaluated under general anesthesia. Therefore, understanding the
effects of anesthetics is very important. Most previous reports agree on the reduction of MR under
inhalation anesthesia. A previous study showed that MR grade decreased with isoflurane by more
than 1+ in 51% of patients [18]. In a systemic review of 137 patients, intraoperative assessment under
inhalation anesthesia significantly underestimated MR [19]. No reports were found on MR changes
with TIVA. In the current study, the regurgitation volume did not change in the TIVA group but was
reduced in the isoflurane group during anesthesia.
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In our study, severe MR (grade 3 and 4) was more influenced by isoflurane than MR grade 1 and 2
(Table 3). Regurgitation volume in severe MR decreased in the isoflurane group but did not change in
the TIVA group. There was no difference in low grade MR. No previous studies reported on different
effect of anesthesia according to the severity of MR.

In terms of mechanisms, blood pressure and left ventricular ejection fraction were lower in the
isoflurane group than in the TIVA group under the same anesthetic level (BIS 40–50). Greater reduction
of regurgitation volume in the isoflurane group remained consistent after adjustment of different heart
rate and blood pressure of the two groups (Table 4). These hemodynamic differences may explain the
reduced MR grade in isoflurane group. Propofol mainly acts on venous smooth muscle and causes
veno-dilation [20,21]. Therefore, if the preload is adequate, the cardiac output and arterial blood
pressure are relatively well maintained [22]. Whereas, isoflurane reduces myofilament Ca2+ sensitivity
with negative inotropic effects, and reduces the peak systolic left ventricular pressure by 15% at 1
MAC [23,24]. Studies comparing the degree of vasodilation and myocardial suppression between
the two anesthetics are hard to find in cardiac surgery. Many confounding factors such as surgical
manipulation and hemodynamic instability interrupt direct comparison of two anesthetics. Thus,
animal experiments may elucidate the pure effect of anesthetics on cardiovascular system. Previous
animal experiments showed that propofol maintained higher aortic pressure and increased aortic
compliance and the energy transmission from the left ventricle to the arterial system [25], and showed
higher arterial pressure and cardiac index, lower heart rate, and required less dopamine infusion
compared to isoflurane [26].

There was also a possibility that the different types of mitral regurgitation act differently according
to anesthetics. There are three types of Carpentier classifications: type I (dilated type with normal
leaflet motion), II (increased leaflet motion), and III (restrictive leaflet motion). Isoflurane may reduce
the degree of mitral regurgitation in Carpentier classification type I and III by myocardial depression.
Propofol may mitigate the degree of mitral regurgitation in all types of Carpentier classifications if it
reduces preload. We did not have type I in our study patients. Among type II and III, there were no
differences in most hemodynamic variables between the TIVA and isoflurane groups probably due
to lack of power (small number of patients in each sub-group). However, regurgitation volume and
ejection fraction seemed to decrease more with isoflurane in both Carpentier classification type II and
III, and blood pressures were significantly lower with the isoflurane in Carpentier classification type
III. There are no studies yet to assess MR changes by anesthesia according to MR types. We cautiously
assume that isoflurane may suppress myocardium and decrease blood pressure more than TIVA in
both Carpentier classification type II and III mitral regurgitation.

Previously, anesthesiologists have administered phenylephrine or fluid during MR assessment to
compensate for the decrease in pre- and after-load during inhalation anesthesia [27,28]. Shiran et al. [27],
insisted that MR severity prior to inhalation anesthesia can be reproduced by maintaining systolic
blood pressure at 160 mmHg by adding phenylephrine during measurement. If fluid is used, it
should be administered to the point of pulmonary artery occlusion pressure of 15 mmHg or more [29].
Phenylephrine may reduce the underestimation of MR severity by inhalation anesthesia [29], but
also carries a high risk of overestimation of MR [19,28]. Fluid should be challenged very carefully,
especially in the weaning period, because the heart is still in the stunned state. The use of TIVA
during MR assessment may reduce the need for phenylephrine or a large amount of fluid to simulate
pre-anesthesia conditions.

Previous studies used the Doppler jet area color or vena contracta to measure the MR change by
anesthesia [18]. Doppler jet area is abandoned for quantitative measurement due to its inaccuracy, and
vena contracta is millimeter changes prone to measurement error. In the current study, we measured
volume itself using PISA radius, EROA, and regurgitation volume. The PISA radius, EROA, and
regurgitation volume were more decreased in the Isoflurane group than in the TIVA group, but only
regurgitation volume was statistically significant.
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Our study has several limitations. First, most previous MR studies were conducted by cardiologists
using transthoracic echocardiography. Criteria of regurgitation volume, PISA, and EROA are not
firmly established in TEE [15,30]. Second, there is the possibility of bias from different practitioners.
Preoperative TEE was done by a cardiologist and intra-anesthesia TEE by an anesthesiologist. We
aligned the views between the pre- and intra-anesthesia measurements as much as possible, and
multiple measurements and averaged values were used. Third, we did not perform a three-dimensional
assessment. Pre-operative TEE evaluation was done by two-dimensional assessment, making
three-dimensional study in the operating room impossible to compare. In addition, MR quantitative
analysis using three-dimensional images is limited in routine practice because of difficulty in obtaining
high-quality images under surgical stimulation and prolonged time for the acquisition of the results.
Forth, we used isoflurane because of its cardioprotective effect [31], but more recent anesthetics
such as sevoflurane or desflurane are reported to have a similar effect with faster recovery and are
recommended for further study [32].

5. Conclusions

Anesthesia can influence the degree of MR, especially when it is high grade. TIVA using propofol
reflected the pre-existing MR state relatively well, whereas MR severity tended to decrease under
isoflurane anesthesia.

Author Contributions: Conceptualization: H.J.A.; Methodology: J.H.A.; Validation: J.H.A.; Formal analysis:
H.J.A.; Investigation: H.J.A.; Data curation: J.H.A., J.-W.Y.; Writing—original draft preparation: J.H.A.;
Writing—review and editing: H.J.A.; Supervision: J.-W.Y.

Acknowledgments: The authors would like to thank Hyun Sung Cho, Chung Su Kim, Jong Hwan Lee, Jeong
Jin.Min and Sangmin Maria Lee who assisted us in this study, and the Statistics and Data Centre of Samsung
Medical Centre.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Mallidi, H.R.; Pelletier, M.P.; Lamb, J.; Desai, N.; Sever, J.; Christakis, G.T.; Cohen, G.; Goldman, B.S.;
Fremes, S.E. Late outcomes in patients with uncorrected mild to moderate mitral regurgitation at the time of
isolated coronary artery bypass grafting. J. Thorac. Cardiovasc. Surg. 2004, 127, 636–644. [CrossRef] [PubMed]

2. James, K.B.; Marwick, T.; Cosgrove, D.M. Underestimation of mitral regurgitation under general anesthesia.
J. Thorac. Cardiovasc. Surg. 1992, 104, 534–535. [PubMed]

3. Scholte, A.J.; Holman, E.R.; Haverkamp, M.C.; Poldermans, D.; van der Wall, E.E.; Dion, R.A.; Bax, J.J.
Underestimation of severity of mitral regurgitation with varying hemodynamics. Eur. J. Echocardiogr. 2005,
6, 297–300. [CrossRef] [PubMed]

4. Kersten, J.R.; Orth, K.G.; Pagel, P.S.; Mei, D.A.; Gross, G.J.; Warltier, D.C. Role of adenosine in
isoflurane-induced cardioprotection. Anesthesiology 1997, 86, 1128–1139. [CrossRef] [PubMed]

5. Frassdorf, J.; Borowski, A.; Ebel, D.; Feindt, P.; Hermes, M.; Meemann, T.; Weber, R.; Mullenheim, J.;
Weber, N.C.; Preckel, B.; et al. Impact of preconditioning protocol on anesthetic-induced cardioprotection in
patients having coronary artery bypass surgery. J. Thorac. Cardiovasc. Surg. 2009, 137, 1436–1442. [CrossRef]
[PubMed]

6. Qiao, S.; Olson, J.M.; Paterson, M.; Yan, Y.; Zaja, I.; Liu, Y.; Riess, M.L.; Kersten, J.R.; Liang, M.; Warltier, D.C.;
et al. MicroRNA-21 Mediates Isoflurane-induced Cardioprotection against Ischemia-Reperfusion Injury via
Akt/Nitric Oxide Synthase/Mitochondrial Permeability Transition Pore Pathway. Anesthesiology 2015, 123,
786–798. [CrossRef] [PubMed]

7. Piriou, V.; Chiari, P.; Lhuillier, F.; Bastien, O.; Loufoua, J.; Raisky, O.; David, J.S.; Ovize, M.; Lehot, J.J.
Pharmacological preconditioning: Comparison of desflurane, sevoflurane, isoflurane and halothane in rabbit
myocardium. Br. J. Anaesth. 2002, 89, 486–491. [CrossRef] [PubMed]

8. Belhomme, D.; Peynet, J.; Louzy, M.; Launay, J.M.; Kitakaze, M.; Menasche, P. Evidence for preconditioning
by isoflurane in coronary artery bypass graft surgery. Circulation 1999, 100, II340–II344. [CrossRef]

http://dx.doi.org/10.1016/j.jtcvs.2003.09.010
http://www.ncbi.nlm.nih.gov/pubmed/15001891
http://www.ncbi.nlm.nih.gov/pubmed/1495326
http://dx.doi.org/10.1016/j.euje.2004.10.010
http://www.ncbi.nlm.nih.gov/pubmed/15992716
http://dx.doi.org/10.1097/00000542-199705000-00017
http://www.ncbi.nlm.nih.gov/pubmed/9158363
http://dx.doi.org/10.1016/j.jtcvs.2008.04.034
http://www.ncbi.nlm.nih.gov/pubmed/19464461
http://dx.doi.org/10.1097/ALN.0000000000000807
http://www.ncbi.nlm.nih.gov/pubmed/26259139
http://dx.doi.org/10.1093/bja/89.3.486
http://www.ncbi.nlm.nih.gov/pubmed/12402730
http://dx.doi.org/10.1161/01.CIR.100.suppl_2.II-340


J. Clin. Med. 2019, 8, 1104 11 of 12

9. Tinker, J.H.; Covino, B.G.; Longnecker, D.E. Pharmacology of inhalational anesthetics. In Principles and
Practice of Anesthesiology, 2nd ed.; Mosby Year Book: St. Louis, MO, USA, 1998; Volume 11232.

10. Meng, T.; Bu, W.; Ren, X.; Chen, X.; Yu, J.; Eckenhoff, R.G.; Gao, W.D. Molecular mechanism of
anesthetic-induced depression of myocardial contraction. FASEB J. Off. Publ. Fed. Am. Soc. Exp.
Biol. 2016, 30, 2915–2925. [CrossRef]

11. Royse, C.F.; Liew, D.F.; Wright, C.E.; Royse, A.G.; Angus, J.A. Persistent depression of contractility and
vasodilation with propofol but not with sevoflurane or desflurane in rabbits. Anesthesiology 2008, 108, 87–93.
[CrossRef]

12. Morison, D.H. New iv induction anaesthetics. Can. J. Anaesth. J. Canadien D’anesthesie 1993, 40, R9–R18.
[CrossRef]

13. Stewart, W.J.; Currie, P.J.; Salcedo, E.E.; Klein, A.L.; Marwick, T.; Agler, D.A.; Homa, D.; Cosgrove, D.M.
Evaluation of mitral leaflet motion by echocardiography and jet direction by Doppler color flow mapping to
determine the mechanisms of mitral regurgitation. J. Am. Coll. Cardiol. 1992, 20, 1353–1361. [CrossRef]

14. Carpentier, A. Cardiac valve surgery—The “French correction”. J. Thorac. Cardiovasc. Surg. 1983, 86, 323–337.
[PubMed]

15. Zoghbi, W.A.; Enriquez-Sarano, M.; Foster, E.; Grayburn, P.A.; Kraft, C.D.; Levine, R.A.; Nihoyannopoulos, P.;
Otto, C.M.; Quinones, M.A.; Rakowski, H.; et al. Recommendations for evaluation of the severity of native
valvular regurgitation with two-dimensional and Doppler echocardiography. J. Am. Soc. Echocardiogr. Off.
Publ. Am. Soc. Echocardiogr. 2003, 16, 777–802. [CrossRef]

16. Enriquez-Sarano, M.; Miller, F.A., Jr.; Hayes, S.N.; Bailey, K.R.; Tajik, A.J.; Seward, J.B. Effective mitral
regurgitant orifice area: Clinical use and pitfalls of the proximal isovelocity surface area method. J. Am. Coll.
Cardiol. 1995, 25, 703–709. [CrossRef]

17. Utsunomiya, T.; Ogawa, T.; Doshi, R.; Patel, D.; Quan, M.; Henry, W.L.; Gardin, J.M. Doppler color flow
“proximal isovelocity surface area” method for estimating volume flow rate: Effects of orifice shape and
machine factors. J. Am. Coll. Cardiol. 1991, 17, 1103–1111. [CrossRef]

18. Grewal, K.S.; Malkowski, M.J.; Piracha, A.R.; Astbury, J.C.; Kramer, C.M.; Dianzumba, S.; Reichek, N. Effect
of general anesthesia on the severity of mitral regurgitation by transesophageal echocardiography. Am. J.
Cardiol. 2000, 85, 199–203. [CrossRef]

19. Sanfilippo, F.; Johnson, C.; Bellavia, D.; Morsolini, M.; Romano, G.; Santonocito, C.; Centineo, L.; Pastore, F.;
Pilato, M.; Arcadipane, A. Mitral Regurgitation Grading in the Operating Room: A Systematic Review
and Meta-analysis Comparing Preoperative and Intraoperative Assessments During Cardiac Surgery.
J. Cardiothorac. Vasc. Anesth. 2017, 31, 1681–1691. [CrossRef]

20. Pagel, P.S.; Warltier, D.C. Negative inotropic effects of propofol as evaluated by the regional preload
recruitable stroke work relationship in chronically instrumented dogs. Anesthesiology 1993, 78, 100–108.
[CrossRef]

21. Muzi, M.; Berens, R.A.; Kampine, J.P.; Ebert, T.J. Venodilation contributes to propofol-mediated hypotension
in humans. Anesth. Analg. 1992, 74, 877–883. [CrossRef]

22. Goodchild, C.S.; Serrao, J.M. Cardiovascular effects of propofol in the anaesthetized dog. Br. J. Anaesth. 1989,
63, 87–92. [CrossRef] [PubMed]

23. Davies, L.A.; Gibson, C.N.; Boyett, M.R.; Hopkins, P.M.; Harrison, S.M. Effects of isoflurane, sevoflurane,
and halothane on myofilament Ca2+ sensitivity and sarcoplasmic reticulum Ca2+ release in rat ventricular
myocytes. Anesthesiology 2000, 93, 1034–1044. [CrossRef] [PubMed]

24. Palmisano, B.W.; Mehner, R.W.; Stowe, D.F.; Bosnjak, Z.J.; Kampine, J.P. Direct myocardial effects of halothane
and isoflurane. Comparison between adult and infant rabbits. Anesthesiology 1994, 81, 718–729. [CrossRef]
[PubMed]

25. Deryck, Y.L.; Brimioulle, S.; Maggiorini, M.; de Canniere, D.; Naeije, R. Systemic vascular effects of isoflurane
versus propofol anesthesia in dogs. Anesth. Analg. 1996, 83, 958–964. [CrossRef] [PubMed]

26. Caines, D.; Sinclair, M.; Valverde, A.; Dyson, D.; Gaitero, L.; Wood, D. Comparison of isoflurane and propofol
for maintenance of anesthesia in dogs with intracranial disease undergoing magnetic resonance imaging.
Vet. Anaesth. Analg. 2014, 41, 468–479. [CrossRef] [PubMed]

http://dx.doi.org/10.1096/fj.201600290RR
http://dx.doi.org/10.1097/01.anes.0000296077.32685.26
http://dx.doi.org/10.1007/BF03020681
http://dx.doi.org/10.1016/0735-1097(92)90248-L
http://www.ncbi.nlm.nih.gov/pubmed/6887954
http://dx.doi.org/10.1016/S0894-7317(03)00335-3
http://dx.doi.org/10.1016/0735-1097(94)00434-R
http://dx.doi.org/10.1016/0735-1097(91)90839-2
http://dx.doi.org/10.1016/S0002-9149(99)00644-X
http://dx.doi.org/10.1053/j.jvca.2017.02.046
http://dx.doi.org/10.1097/00000542-199301000-00015
http://dx.doi.org/10.1213/00000539-199206000-00017
http://dx.doi.org/10.1093/bja/63.1.87
http://www.ncbi.nlm.nih.gov/pubmed/2788450
http://dx.doi.org/10.1097/00000542-200010000-00027
http://www.ncbi.nlm.nih.gov/pubmed/11020759
http://dx.doi.org/10.1097/00000542-199409000-00026
http://www.ncbi.nlm.nih.gov/pubmed/8092518
http://dx.doi.org/10.1213/00000539-199611000-00011
http://www.ncbi.nlm.nih.gov/pubmed/8895269
http://dx.doi.org/10.1111/vaa.12163
http://www.ncbi.nlm.nih.gov/pubmed/24814814


J. Clin. Med. 2019, 8, 1104 12 of 12

27. Shiran, A.; Merdler, A.; Ismir, E.; Ammar, R.; Zlotnick, A.Y.; Aravot, D.; Lazarovici, H.; Zisman, E.; Pizov, R.;
Lewis, B.S. Intraoperative transesophageal echocardiography using a quantitative dynamic loading test for
the evaluation of ischemic mitral regurgitation. J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr.
2007, 20, 690–697. [CrossRef] [PubMed]

28. Gisbert, A.; Souliere, V.; Denault, A.Y.; Bouchard, D.; Couture, P.; Pellerin, M.; Carrier, M.; Levesque, S.;
Ducharme, A.; Basmadjian, A.J. Dynamic quantitative echocardiographic evaluation of mitral regurgitation
in the operating department. J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr. 2006, 19, 140–146.
[CrossRef]

29. Mihalatos, D.G.; Gopal, A.S.; Kates, R.; Toole, R.S.; Bercow, N.R.; Lamendola, C.; Berkay, S.H.; Damus, P.;
Robinson, N.; Grimson, R.; et al. Intraoperative assessment of mitral regurgitation: Role of phenylephrine
challenge. J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr. 2006, 19, 1158–1164. [CrossRef]

30. Utsunomiya, T.; Doshi, R.; Patel, D.; Mehta, K.; Nguyen, D.; Henry, W.L.; Gardin, J.M. Calculation of volume
flow rate by the proximal isovelocity surface area method: Simplified approach using color Doppler zero
baseline shift. J. Am. Coll. Cardiol. 1993, 22, 277–282. [CrossRef]

31. Yasuda, N.; Targ, A.G.; Eger, E.I., 2nd; Johnson, B.H.; Weiskopf, R.B. Pharmacokinetics of desflurane,
sevoflurane, isoflurane, and halothane in pigs. Anesth. Analg. 1990, 71, 340–348. [CrossRef]

32. Hemmerling, T.; Olivier, J.F.; Le, N.; Prieto, I.; Bracco, D. Myocardial protection by isoflurane vs. sevoflurane
in ultra-fast-track anaesthesia for off-pump aortocoronary bypass grafting. Eur. J. Anaesthesiol. 2008, 25,
230–236. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.echo.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/17543738
http://dx.doi.org/10.1016/j.echo.2005.08.019
http://dx.doi.org/10.1016/j.echo.2006.04.003
http://dx.doi.org/10.1016/0735-1097(93)90844-Q
http://dx.doi.org/10.1213/00000539-199010000-00004
http://dx.doi.org/10.1017/S0265021507002608
http://www.ncbi.nlm.nih.gov/pubmed/17894911
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients 
	Randomization and Blinding 
	Anesthesia Protocol 
	TEE Measurement 
	Preoperative TEE 
	Intraoperative TEE 

	MR Data Acquisition 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

