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Abstract

Background: The appropriateness of aortic valve surgery for patients with moderate aortic valve regurgita-
tion undergoing coronary artery bypass graft (CABG), mitral valve replacement (MVR), or both is uncertain.
This study aimed to investigate the outcomes of moderate aortic valve regurgitation following these proce-
dures.

Methods: This retrospective cohort study included 113 eligible participants with moderate aortic valve re-
gurgitation who underwent CABG, MVR, or both procedures between January 2014 and January 2015 at
Tehran Heart Center. Echocardiographic index data were extracted from the Tehran Heart Center data center
after a 2-year follow-up to examine changes in the patients’ conditions.

Results: A total of 113 patients (mean [SD] age, 64.7 [9.9] years; 78 [69.0%)] female patients) were included in
the study and followed up for a mean (SD) of 24 (6) months. Among those patients, 38 (33.6%) experienced
improvement, with their aortic valve regurgitation downgraded to mild, while the remaining 75 (66.4%) pa-
tients maintained a moderate aortic valve regurgitation level. Notably, combined CABG and MVR procedures
were associated with statistically significant improvement, with all cases downgraded to mild aortic valve
regurgitation. Baseline characteristics, including diabetes, hypertension, dyslipidemia, smoking, family his-
tory of aortic valve regurgitation, and a history of drug use, did not differ statistically significantly between
patients with improved aortic valve regurgitation and patients with no changes. Echocardiographic indices
related to the aorta, such as aortic valve pressure gradient, showed improvement (P<.001), and ejection
fractions before and after surgery remained comparable. Changes in aortic valve regurgitation severity were
found to differ statistically significantly between the various procedures (P=.001).

Conclusion: These findings suggest that it is not likely that moderate aortic valve regurgitation will progress
after CABG or MVR. Hence, no support was found for concurrent aortic valve replacement during these
procedures.
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Introduction

he term aortic valve regurgitation refers to the incomplete closing of the aortic valve in diastole, leading to

backward blood flow through the aortic valve." Aortic valve regurgitation is a statistically significant con-

tributor to cardiovascular mortality and morbidity and was reported in 13% of men and 8.5% of women
in the Framingham Heart Study.>* Aortic valve surgery for moderate aortic valve regurgitation in conjunction
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with another cardiac surgery, particularly coronary
artery bypass graft (CABG) or mitral valve replace-
ment (MVR), continues to be controversial.* Aortic
valve replacement (AVR) may also carry a higher risk
of mortality when performed alongside other cardiac
procedures, such as CABG, because of the risks and
possible complications associated with a major com-
bined procedure.®

In accordance with the 2020 American College of
Cardiology/American Heart Association guideline for
the treatment of patients with valvular heart disease,
patients with moderate aortic valve regurgitation who
are undergoing other cardiac operations may benefit
from concomitant aortic valve surgery (class Ila, level
of evidence C).® The 2021 European Society of Car-
diology/European Association for Cardio-Thoracic
Surgery guidelines for managing valvular heart disease
suggest that the health care team should determine
whether to intervene in these patients based on etiol-
ogy and other clinical characteristics.”

Given the controversy surrounding aortic valve sur-
gery for moderate aortic valve regurgitation at the time
of CABG or MVR, the goal of this study was to track
changes in moderate aortic valve regurgitation in pa-
tients undergoing these procedures.

Methods

Design, Population, and Data Collection

This retrospective cohort investigation was conducted
at the Tehran Heart Center (THC) in Tehran, Iran,
with 113 eligible participants. The study aimed to
collect and analyze data encompassing demographic,
pharmacologic, and echocardiographic characteristics
of patients diagnosed with moderate aortic valve re-
gurgitation who underwent CABG, MVR, or both
procedures between January 2014 and January 2015.
The enrolled patients were selected consecutively. The
data were retrieved from the THC data center. To en-
sure the validity of the study, certain exclusion criteria
were applied. Patients with a history of AVR, mild or
severe aortic valve regurgitation, or moderate to severe
aortic valve stenosis were excluded from the analysis.
To determine the status of aortic valve regurgitation
before cardiac surgery, patients first underwent a
transthoracic echocardiogram. In rare cases, when the
echocardiographic view was not suitable or judgment
was difficult, a transesophageal echocardiogram was
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Key Points:

e Recently, the issue of performing concurrent AVR
in patients with moderate aortic valve regurgita-
tion undergoing other cardiac surgeries has been
the subject of debate. Limited data are available
on midterm and long-term follow-up of patients
with moderate aortic valve regurgitation who un-
derwent CABG, MVR, or both procedures.

e Although AVR is beneficial for recovering cardiac
valve function, adding AVR to the primary cardiac
operation elongates surgical time and exacer-
bates surgical risks. Hence, the risks and benefits
of adding another surgery should be considered.

e |n the 2-year follow-up of this study population,
approximately two-thirds of the patients showed
no change in aortic valve regurgitation severity
according to echocardiographic indices, and one-
third of patients demonstrated improved aortic
valve regurgitation.

e These findings suggest that it is not likely that
untreated moderate aortic valve regurgitation will
progress following CABG, MVR, or both proce-
dures combined. No support was found for con-
current AVR during these procedures.

Abbreviations and Acronyms

AVPG, aortic valve pressure gradient
AVR, aortic valve replacement
CABG, coronary artery bypass graft
MVR, mitral valve replacement

THC, Tehran Heart Center

performed to ensure accuracy. After cardiac surgery,
follow-up echocardiography was performed using the
transthoracic echocardiogram approach in all patients.
Moderate aortic valve regurgitation was defined based
on specific echocardiographic indices, including a
central jet width ranging from 25% to 64% of the
left ventricular outflow tract and a vena contracta
measuring 3 to 6 mm.”® Consequently, data from

a total of 125 patients were extracted and evaluated
for the availability of key echocardiographic indices
related to aortic valve regurgitation. The assessment
was performed at a mean (SD) follow-up period of
24 (6) months after surgery. In instances where echo-
cardiographic data were not available, the individuals
in question were contacted and invited to THC for

a comprehensive echocardiographic examination.
Twelve patients did not respond to the invitation and
were therefore excluded from the study.

Ethical Considerations

All procedures that involved human participants were
conducted in accordance with the ethical standards

of the Medical Ethical Committee of the THC, and
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the study was performed in accordance with the 2013
revised Declaration of Helsinki. Informed consent
was obtained from participants who were invited to
THC because of the unavailability of their echocar-
diographic data.

Statistical Analysis

Means with SDs are reported for continuous variables
with normal distribution. For categorical variables,
absolute frequencies and percentages are reported.
Pearson ? tests and Fisher exact tests were used to
compare categorical variables between the group with
improved aortic valve regurgitation and the group
with no change. Independent sample 7 tests and
Mann-Whitney U tests were performed to analyze
continuous variables. Paired-sample # tests were per-
formed to compare echocardiographic characteristics
before and after surgery. The normality of the data
was assured using the abovementioned descriptive cen-
tral tendency, dispersion measures, and histograms. A
2-sided P<.05 was regarded as statistically significant.
The statistical analyses were performed using SPSS

Aortic Valve Regurgitation After Cardiac Surgery

Statistics for Windows, version 23.0, software (IBM
Corp).

Results

Between January 2014 and January 2015, a total of 125
participants with moderate aortic valve regurgitation
underwent CABG, MVR, or both procedures. Among
these participants, 113 patients (mean [SD] age, 64.7
[9.9] years; 78 [69.0%] female patients) met the inclu-
sion criteria and were included in the study. After under-
going these procedures, 38 (33.6%) patients exhibited
an improvement, with their aortic valve regurgitation
being downgraded to mild. Conversely, in the remain-
ing 75 (66.4%) patients, aortic valve regurgitation sta-
tus remained at moderate. With the exception of sex
and dyslipidemia, baseline characteristics (Table I) were
not found to differ statistically between the 2 groups.
Although the P values for age, hypertension, cigarette
smoking status, family history of aortic valve regurgita-
tion, and history of drug use did not reach statistical

TABLE |. Demographic and Pharmacologic Characteristics of the Study Population, by Aortic Valve

Regurgitation Status

No. %
Improved aortic valve No change

Characteristic Total (N=113) regurgitation (n=38) (n=75) P value®
Age, mean (SD), y 64.7 (9.9) 63.6 (11.6) 65.3 (8.9) .39
Sex .04

Male 35 (31.0) 7 (18.4) 28(37.3)

Female 78 (69.0) 31(81.6) 47 (62.7)
Diabetes 35 (31.0) 11 (28.9) 24(32.0) 74
Hypertension 78 (69.0) 25 (65.8) 53 (70.7) b9
Dyslipidemia 56 (49.6) 14 (36.8) 42 (56.0) .05
Cigarette smoking status 31(27.4) 12 (31.6) 19 (25.3) 48
Family history of aortic valve regurgitation 28 (24.8) 12 (31.6) 16 (21.3) 23
Diuretic use 41 (36.3) 15 (39.5) 26 (34.7) .61
Soditsna convrig sraye i ey 2097 wesy 3
Nitrate use 82 (72.6) 24 (63.2) 58 (77.3) RN
Statin use 98 (86.7) 35(92.1) 63 (84.0) .23

@ A 2-sided P<.05 was regarded as statistically significant.
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significance, they demonstrated clinical significance
worth noting,

Among the total patient cohort, 96 (85.0%) individuals
underwent CABG, 11 (9.7%) underwent MVR, and 6
(5.3%) underwent both procedures concurrently. With-
in the CABG group, 30 (31.3%) patients experienced a
statistically significant improvement in their aortic valve
regurgitation status, with their condition downgraded
to mild. In the remaining 66 (68.7%) patients from
the same group, however, the severity of aortic valve re-
gurgitation remained moderate, which was consistent
with the preoperative measurements. Similarly, within
the MVR group, 9 (81.8%) patients did not exhibit a
change in their aortic valve regurgitation status after
surgery, and only 2 (18.2%) patients experienced regres-
sion to mild aortic valve regurgitation. Notably, in the
small subgroup of patients who underwent both CABG
and MVR, all individuals demonstrated a notable im-
provement, with their aortic valve regurgitation status
being downgraded to mild (Table II). The changes
in aortic valve regurgitation severity were statistically
significantly different between the various procedures
(P=.001).

The mean (SD) ejection fraction measured before and
after the procedures was 44.7% (9.8%) and 45.0%
(8.9%), respectively. These values, along with the mean
(SD) diameter of the ascending aorta before (34.7 [4.3]
mm) and after (34.6 [3.3] mm) surgery, were found to
be comparable. The mean (SD) aortic valve pressure
gradient (AVPG), however, was statistically significantly
reduced, from 8.9 (4.8) mm Hg to 7.1 (3.3) mm Hg
(Cohen 4=0.44; P<.001). The mean (SD) aortic root
diameter was statistically significantly reduced, from
31.9 (3.8) mm to 31.7 (4.1) mm, during these 2 years of
follow-up after cardiac surgery (Cohen 4=0.20; P=.02)
(Table III). Furthermore, there was a small but statisti-
cally significant reduction in the mean (SD) left ven-

Aortic Valve Regurgitation After Cardiac Surgery

tricular end-diastolic dimension (from 52.1 [6.7] mm
t0 50.9 [6.1] mm; Cohen #£=0.19; P=.02) and intraven-
tricular septum (from 10.1 [1.3] mm to 9.7 [1.6] mm;
Cohen 4=0.25; P=.01) after the surgery. The remaining
echocardiographic indices, as presented in Table I11, did
not exhibit statistically significant differences following
the procedures.

Based on the aortic valve regurgitation status, Table IV
presents the echocardiographic indices of the partici-
pants before and after surgery. Among participants with
no change in aortic valve regurgitation status, mean
(SD) AVPG was 8.7 (4.6) mm Hg before surgery and
75 (3.3) mm Hg after surgery. Among patients with im-
proved aortic valve regurgitation, the mean (SD) AVPG
decreased from 8.5 (4.8) mm Hg to 6.2 (3.1) mm Hg,
The rest of the indices are also listed in Table IV.

Discussion

The objective of this retrospective cohort study was

to assess the midterm outcomes of moderate aortic
valve regurgitation in patients who underwent CABG,
MVR, or both procedures without concurrent AVR.
Opverall, 75 (66.4%) patients showed no statistically
significant changes in aortic valve regurgitation status,
while the remaining 38 patients experienced a down-
grade to mild aortic valve regurgitation. Among the
surgeries performed, CABG accounted for 85.0%,
while MVR and combined CABG-MVR procedures
accounted for 9.7% and 5.3%, respectively. A statisti-
cally significant difference was observed between the
outcomes of these procedures, with all patients in the
combined CABG-MVR group experiencing improve-
ment in aortic valve regurgitation status. Conversely,
the majority of patients who underwent CABG or
MVR alone exhibited no statistically significant

TABLE Il. Aortic Valve Regurtitation Status After Surgery, by Type of Surgery

No. %

Improved aortic valve

Type of surgery Total (N=113) regurgitation (n=38) No change (n=75) P value?®
CABG 96 (85.0) 30(78.9) 66 (88.0) .001
MVR 11(9.7) 2(5.3) 9 (12.0) .001
CABG-MVR 6(5.3) 6(15.8) 0 .001

CABG, coronary artery bypass graft; MVR, mitral valve replacement.

@A 2-sided P<.05 was regarded as statistically significant.

The Texas Heart Institute Journal 2024, Vol. 51, No. 2

https://doi.org/10.14503/THIJ-23-8273  4/8



Zoroufian et al

Aortic Valve Regurgitation After Cardiac Surgery

TABLE lll. Echocardiographic Characteristics of Participants Before and After Surgery

Mean (SD)

Echocardiographic index Before surgery After surgery Cohend P value?
AVPG, mm Hg 8.9 (4.8) 7.1 (3.3) 0.44 <.001
Aortic root diameter, mm 31.9(3.9) 311 (4.) 0.20 .02
Ascending aorta diameter, mm 34.7 (4.3) 34.6 (3.3) 0.02 .68
Left ventricular end-diastolic dimension, mm  52.1 (6.7) 50.9 (6.1) 0.19 .02
Left ventricular end-systolic dimension, mm 35.9 (6.8) 35.5(7.1) 0.06 27
Intraventricular septum, mm 10.1 (1.6) 9.7 (1.6) 0.25 .01
Posterior wall, mm 9.7 (1.4) 9.5(1.2) 0.15 12
Ejection fraction, % 447 (9.8) 45 (8.9) 0.03 .56
Left atrium size, mm 39.1 (5.9) 38.6 (5.8) 0.09 .20

AVPG, aortic valve pressure gradient.

@ A 2-sided P<.05 was regarded as statistically significant.

TABLE IV. Echocardiographic Characteristics of Participants Before and After Surgery, Stratified by Aortic
Valve Regurgitation Status

No change, mean (SD)

Improved aortic valve regurgitation, mean (SD)

(n=75) (n=38)
Echocardiographic index Before surgery After surgery P value® Before surgery After surgery P value?
AVPG, mm Hg 8.7 (4.6) 75(3.3) <.001 8.5(4.8) 6.2 (3.1) <.001
Aortic root diameter, mm 31.9(3.8) 317 4. 44 317 (4.9) 30.1(3.7) .02
Ascending aorta diameter, 349 4.) 34.8(3.0) 76 342 (4.6) 341 (36) 78
G venoular end-diasolle. 515 (6. 516 (57) 79 53.2 (6.7) 496 (6.5) 001
o enoular nd-oyetolle 355 (6.9) 35.9 (6.6) 34 369 (76) 34.8(7.9) 003
Intraventricular septum, mm 10 (1.5) 9.8(1.6) 31 10.4 (1.8) 9.5(1.7) .003
Posterior wall, mm 9.6 (1.3) 9.6(1.2) 93 9.9 (1.5) 9.4(1.7) .01
Ejection fraction, % 45.2 (9.8) 44.9 (8.9) 57 43.6 (9.9) 45.3 (9.7) .22
Left atrium size, mm 39.4 (5.8) 38.6 (5.6) 22 38.9(6.2) 38.5(6.3) b8

AVPG, aortic valve pressure gradient.

@ A 2-sided P<.05 was regarded as statistically significant.

change in aortic valve regurgitation severity during
the 2-year follow-up period. Furthermore, the ejection
fractions before and after the procedures remained
comparable, and there was a statistically significant
improvement in certain aortic indices, such as AVPG
and aortic root diameter. Figure 1 illustrates the study

The Texas Heart Institute Journal 2024, Vol. 51, No. 2

design of and the prominent findings from the current
investigation.

In the present study, aortic valve regurgitation
severity did not progress during a mean follow-up
period of 2 years, and it also improved in one-third
of the patients. Underlying characteristics, such as
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Follow-Up Report of Patients With Moderate Aortic

Valve Regurgitation After Cardiac Surgery

% POPULATION:
e o o o 113 patients with moderate
ln"n"nl aortic valve regurgitation who
underwent CABG, MVR, or
both procedures were followed
up for a mean (SD) 24 (6) mo

DATA COLLECTION:
@ e Demographic
f"ﬁ e Pharmacologic
ol e Echocardiographic

Results
Improved No
Total, aortic valve change,
% regurgitation, % %
CABG  96(85.0) 30(31.3) 66 (68.8)
MVR 11(9.7) 2(18.2) 9(81.8)
CABG-
MVR 6 (5.3) 6 (100) 0(0.0)

Fig. 1 lllustration of the study design of and prominent findings from the current investigation.

CABG, coronary artery bypass graft; MVR, mitral valve replacement.

dyslipidemia, nitrate consumption, and angiotensin-
converting enzyme inhibitor/angiotensin receptor
blocker consumption, although not statistically
significant, were notably higher among individuals
who did not show any improvement in aortic valve
regurgitation severity. This finding may suggest a role
for underlying comorbidities in accelerating aortic
valve regurgitation progression.

Physicians must carefully weigh the benefits and risks
associated with concurrent AVR when determining
the treatment approach for patients with moderate
aortic valve regurgitation undergoing other cardiac op-
erations. Untreated aortic valve regurgitation has the
potential to progress and lead to statistically significant
left ventricular dysfunction, ultimately requiring ad-
ditional interventions.® In addition, the inclusion of
AVR during the primary cardiac procedure extends
the duration of surgery and amplifies surgical risks. It
exposes the patient to potential complications associat-
ed with prosthetic cardiac valves, whether mechanical
or biological, including prosthetic valve endocarditis,
long-term anticoagulation requirements, and biopros-

thetic valve failure.>*

Recently, performing concurrent aortic valve surgery
on patients with moderate aortic valve regurgitation
who are undergoing other cardiac surgeries has been

the subject of debate. The 2014 American College of

The Texas Heart Institute Journal 2024, Vol. 51, No. 2

Cardiology/American Heart Association Guidelines
for the Management of Patients with Valvular Heart
Disease suggested that concurrent aortic valve sur-
gery could be performed in these patients (class Ila),
whereas previous versions classified concurrent aortic
valve surgery as class IIb in this population.**? As
mentioned, the current guidelines also suggest that
patients with moderate aortic valve regurgitation may
benefit from concurrent aortic valve surgery during
other cardiac operations (class I1a).°

Previously, proponents of AVR during CABG had
claimed that patients with mild aortic valve disease
would exhibit deteriorating symptoms and progression
of valvular disease.” Studies aimed at determining

the progression course of moderate aortic valve
regurgitation, however, have found that the rate of
progression is slow and suggested against prophylactic
AVR during other cardiac operations.*** Furthermore,
previous studies have indicated that a history of
CABG seems not to be considered a risk factor for
further AVR in patients who may require surgical
intervention in the future.**** In another study, Ward
et al® found that untreated moderate aortic valve
regurgitation did not adversely affect the long-term
survival of patients undergoing cardiac surgery. In the
present study, aortic valve regurgitation severity did
not progress during a mean follow-up period of 2 years
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and improved in one-third of the patients. Although
not statistically significant, nitrate consumption and
angiotensin-converting enzyme inhibitor/angjotensin
receptor blocker consumption were notably higher
among patients who did not exhibit any improvement
in aortic valve regurgitation severity. This finding
may suggest that underlying comorbidities contribute
to disease progression. Accordingly, further research
to investigate the specific association of factors such
as dyslipidemia could uncover the significance of
these underlying comorbidities in the course of
aortic valve regurgitation after cardiac surgery. The
severity of aortic valve regurgitation was more likely
to improve in female patients than in male patients
undergoing cardiac surgery. In addition, more female
patients were included in this retrospective cohort
study. It also should be noted that patients were
selected consecutively. The possibility of sex-specific
responses could be further explored through future
investigations with more homogeneous populations.

The findings of this study may help us move 1 step
closer to clarifying the controversy surrounding the
decision to perform concurrent aortic valve surgery for
patients undergoing other cardiac procedures.

Limitations and Future Directions

This study, which represents 1 of the pioneer investi-
gations into the progression of moderate aortic valve
regurgitation following CABG, MVR, or combined
CABG-MVR, has certain limitations that should be
acknowledged. First, this study may be underpowered
and is limited by the relatively short follow-up period.
In this context, further studies with longer follow-up
would be beneficial. In addition, this is a retrospec-
tive analysis conducted at a single center. To validate
these findings, larger-scale randomized clinical trials
are necessary. Finally, this study did not consider the
association of the etiology of aortic valve regurgitation
(ie, functional or rheumatic) with aortic valve regurgi-
tation outcomes after cardiac surgery.

Regarding patient selection, patients were enrolled
through sequential selection, which could have in-
troduced selection bias. Although propensity score
matching was considered, the small sample size lim-
ited the feasibility of this approach, a choice that may
affect the strength of the conclusions.

Another limitation involves the consideration of sex
and dyslipidemia. Although these factors were origi-
nally suggested to be coincidental, further regression

The Texas Heart Institute Journal 2024, Vol. 51, No. 2
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analyses revealed sex as the only statistically signifi-
cant factor of the current investigation, with female
participants demonstrating greater improvement in
aortic valve regurgitation severity than male partici-
pants. The small sample size and lack of statistical
power, however, do not allow for strong conclusions

to be drawn about the influence of sex or dyslipidemia
on aortic valve regurgitation outcomes. More robust
studies are needed to clarify the role of these factors in
aortic valve regurgitation progression. In addition, al-
though no studies directly link these variables to aortic
valve regurgitation treatment, their potential influence
should be explored in future research.

Future research in this field would be beneficial

for physicians and surgeons seeking to make well-
informed decisions regarding the treatment of these
patients. Furthermore, conducting long-term follow-
up studies that consider the etiology of aortic valve re-
gurgitation could provide valuable insights into patient
outcomes.

Conclusion

This study aimed to provide insights into the neces-
sity of concurrent aortic valve surgery in patients with
moderate aortic valve regurgitation undergoing other
cardiac operations. During the 2-year follow-up pe-
riod, approximately two-thirds of the patients showed
no statistically significant change in aortic valve
regurgitation severity based on echocardiographic
indices, while one-third demonstrated improvements
in the degree of aortic valve regurgitation. Collectively,
because it is not likely for untreated moderate aortic
valve regurgitation to progress following CABG or
MVR surgeries, no support was found for concurrent
aortic valve surgery during these procedures.
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