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ARTICLE INFO ABSTRACT
Keywords: Background: We aimed to clarify the predictive factors for left ventricular (LV) function after aortic valve
Aortic regurgitation replacement (AVR) in patients with aortic regurgitation (AR).

Aortic valve replacement
C-reactive protein
Left ventricular ejection fraction

Methods and results: Among 555 patients who underwent AVR at our institution from January 2015 to December
2020, we enrolled 44 patients for whom only AVR (or AVR + aortic replacement) was performed. We defined LV
dysfunction under any of the following criteria: LV ejection fraction (LVEF) <50 %, LV diastolic dimension >65
mm, LV systolic dimension (LVDs) >50 mm, or LVDs/body surface area > 25 mm/m2. Multivariable logistic
regression analysis revealed high natural logarithm (In) C-reactive protein (CRP) and low LVEF in the pre-AVR
period significantly associated with LV dysfunction after AVR (In CRP: odds ratio [OR] 4.15, 95 % confidence
interval [CI] 1.44-11.98, p < 0.01; LVEF: OR 0.79, 95%CI 0.65-0.97, p < 0.05). Receiver-operating charac-
teristic analysis revealed an area under curve of CRP and LVEF in the pre-AVR period for LV dysfunction after
AVR of 0.84 and 0.83, respectively. Upon dividing the patients into four groups according to cutoff values of CRP
(0.13 mg/dL) and LVEF (50 %) in the pre-AVR period, no patients (0/19) had LV dysfunction in the low CRP
(<0.13 mg/dL) and high LVEF (>50 %) group, and all patients (5/5) in the high CRP (>0.13 mg/dL) and low
LVEF (<50 %) group had LV dysfunction after AVR.

Conclusion: High CRP level was significantly and independently associated with LV dysfunction after AVR.
Combination of CRP and LVEF values might be useful for predicting improvement in LV function after AVR.

1. Introduction the left ventricle is often dilated, and heart failure progresses despite
successful aortic valve replacement (AVR) at the time of presentation of

Chronic severe aortic regurgitation (AR) imposes significant volume symptoms in AR patients [3,4]. Therefore, the American Heart Associ-
and pressure overload on the left ventricle, resulting in compensatory ation and the European Society of Cardiology recommend aortic valve
but eventually detrimental structural changes in the myocardium [1,2]. surgery in symptomatic or asymptomatic patients with depressed left
Although such patients typically remain asymptomatic for a long time, ventricular (LV) systolic function or a significantly dilated left ventricle
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[5,6]. LV dysfunction in the preoperative period is widely known to be a
useful prognostic marker for patients after AVR [4,7]. Therefore, pre-
operative LV function is an important issue for patients with AR. By
contrast, Izumi et al. revealed that echocardiographic parameters at 1
year after AVR were more useful as predictive factors for long-term
outcome than preoperative echocardiographic parameters in patients
with AR [8]. Therefore, the predictive factors for LV dysfunction after
AVR also seem to be important for AR patients. We previously reported
that C-reactive protein (CRP), a representative biomarker of inflamma-
tory factors, was important for LV dysfunction in patients with AR and
concomitant collagen disease [9]. To our knowledge, however, there
have been no reports about the association between CRP and LV
dysfunction after AVR in all AR patients.

Against this backdrop, we performed a study to clarify the predictive
factors for improvement of LV function after AVR in AR patients.

2. Methods
2.1. Study population

AVR was performed in 555 patients at Kumamoto University Hos-
pital from January 2015 to December 2020. Of these patients, 441 had
aortic stenosis (AS), 79 had AR, 25 had AS and AR, and 10 had prosthetic
valve failure for surgical indication. Of these 79 patients in whom AVR
was performed for AR, AVR only (or AVR + aortic replacement) was
performed in 47 patients, dual valve surgery was performed in 20 pa-
tients, and AVR and coronary artery bypass grafting (CABG) were per-
formed in 12 patients. For this study we selected the 47 patients who
underwent only AVR (or AVR + aortic replacement). We then excluded
one patient who had infective endocarditis and two patients who had no
echocardiographic data in the follow-up period. Therefore, the final
cohort comprised 44 patients who had moderate or severe AR in the pre
AVR period (Fig. 1).

This study conformed to the principles outlined in the Declaration of
Helsinki. It was approved by the institutional review board and ethics
committees of Kumamoto University (No. 1588). The requirement for
informed consent was waived because of the low-risk nature of this
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retrospective study and the inability to obtain consent directly from all
patients. Instead, we extensively announced this study protocol at
Kumamoto University Hospital and on our website (http://www2.kuh.
kumamoto-u.ac.jp/tyuokensabu/index.html) and gave patients the op-
portunity to withdraw from the study.

2.2. Echocardiographic measurements

Transthoracic echocardiography (TTE) was performed in patients in
a stable condition using the Vivid E95 or 7 (GE Vingmed, Horten, Nor-
way), Aplio 500 (Toshiba, Tokyo, Japan), and Epiq 7G (Philips, Bothell,
WA, USA) instruments, which were equipped with a 2.5-MHz phased-
array transducer. The parasternal long-axis view, short-axis views at
the basal, mid, and apical levels, and three standard apical views (four-
chamber, two-chamber, and LV outflow long-axis) were acquired. Dia-
stolic values of the interventricular septum thickness, posterior wall
thickness, LV end diastolic volume (LVEDV), LV end systolic volume
(LVESV), and LV ejection fraction (LVEF) were measured according to
the recommendations of the American Society for Echocardiography
(ASE) [10]. The ratio of E-wave velocity to A-wave velocity of the
pulsed-wave Doppler mitral flow image was calculated to quantify LV
diastolic function. Peak velocity of early diastolic velocity (e' wave) of
the septal mitral annulus was measured, and the ratio of E-wave velocity
to €' was also calculated to quantify LV diastolic function [11]. The two-
dimensional strain analysis was performed using a vendor-independent
software program (2D Strain Analysis; TOMTEC Imaging Systems,
Unterschleissheim, Germany). To assess the LV strain, the regional LS
was calculated from the echocardiography images in the four-, three-,
and two-chamber apical views. The regional LS was determined in 16
segments of the LV in accordance with the American Society for Echo-
cardiography guidelines [10]. The LV global LS (LVGLS) was calculated
as the average LS of these 16 segments. Valvular diseases were defined
according to the 2017 ASE guideline [12]. The severity of AR was
comprehensively assessed by using quantitative and qualitative methods
according to the 2017 ASE guideline [12]. We clinically defined LV
dysfunction if any of the following applied: LVEF <50 %, LV diastolic
dimension >65 mm, LV systolic dimension (LVDs) >50 mm, or LVDs/

555 patients whom AVR was performed
between January 2015 and December 2020

excluded

indication

441 patients who had AS for surgical indication
25 patients who had AS and AR for surgical indication
10 patients who had prosthetic valve failure for surgical

79 patients who had AR for surgical indication

excluded

20 patients whom dual valve surgery was performed
12 patients whom AVR and coronary artery bypass
grafting were performed

47 patients whom only AVR (or AVR + aortic replacement) were performed

excluded

up periods

1 patient who had infective endocarditis
2 patients who had no echocardiographic data in follow

44 patients were enrolled in this study

Fig. 1. Study flow chart detailing the inclusion and exclusion criteria for the study patients. AVR, aortic valve replacement; AS, aortic stenosis; AR, aortic

regurgitation.
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body surface area > 25 mm/m2, according to the American Heart As-
sociation 2014 guideline [5]. The effective orifice area (EOA) after AVR
was calculated in accordance with the American Society for Echocar-
diography guidelines [13].

2.3. Data collection

Laboratory examination was performed 4 days (interquartile range
[IQR], 2-5 days) before surgical AVR. Blood samples were collected
early in the morning from fasted patients. Blood samples were stored at
—80 °C before analysis of serum biochemical parameters. Echocardi-
ography in the pre-AVR periods was performed 4 days (IQR, 2-10.5
days) before surgical AVR. Echocardiography in the follow-up periods
was performed 365 days (IQR, 363-369 days) after surgical AVR.
Echocardiographic findings and medications were ascertained by
reviewing the medical records.

2.4. Definitions of clinical characteristics

Clinical characteristics were defined as follows. Body mass index was
calculated as body weight/ (body height)2 (kg/m2). Hypertension was
defined as the patient's self-report of a history of systolic blood pressure
> 140 mmHg and/or diastolic blood pressure > 90 mmHg, and/or prior
use of antihypertensive agents. Diabetes mellitus was defined as the
patient's self-report of a history of hemoglobin Alc >6.5 % and fasting
plasma glucose levels >126 mg/dL, or casual plasma glucose levels
>140 mg/dL, and/or use of insulin or diabetes drugs. Dyslipidemia was
identified by the patient's self-report of a history of antidyslipidemic
drugs, low-density lipoprotein cholesterol levels >140 mg/dL, triglyc-
eride levels >150 mg/dL, and/or high-density lipoprotein cholesterol
levels <40 mg/dL. A bicuspid valve was identified by intraoperative
findings. Ischemic heart disease was defined as prior history of
myocardial infarction or percutaneous coronary intervention.

2.5. Timing of surgical intervention

The timing of surgical intervention for AR patients was decided by
heart-team according to the recommendation of the American Heart
Association and the European Society of Cardiology guideline [5,6].

2.6. Statistical analysis

We analyzed the time-dependent change in echocardiographic
findings between the pre-AVR period and follow-up period by paired t-
test. The clinical characteristics of patients between the LV dysfunction
group and preserved LV function group in the follow-up period were
compared by Student's t-test or the chi-squared test. Nonnormally
distributed variables between these groups were compared by Mann-
Whitney U test. Receiver-operating characteristic (ROC) analysis was
performed to determine the cutoff values of CRP and LVEF in the pre-
AVR period to predict LV dysfunction in the follow-up period. Deci-
sion curve analysis (DCA) was used to incorporate the clinical conse-
quences of a decision into evaluations of diagnostic tests or prediction
models [14]. Independent variables associated with LV dysfunction in
the follow-up period were assessed by logistic regression analysis. The
following variables were incorporated into the univariate logistic
regression analysis model: age, male sex, body mass index, coronary risk
factors (hypertension, diabetes mellitus, dyslipidemia), NYHA class,
bicuspid valve, laboratory findings in the pre AVR period (B-type
natriuretic peptide [BNP], CRP, estimated glomerular filtration rate,
hemoglobin level), echocardiographic findings in the pre AVR period
(left atrial volume index [LAVI], interventricular septal thickness in
diastole, LV posterior wall thickness in diastole, LV end-diastolic
diameter [LVDd], LV end-systolic diameter [LVDs], LVDs index, LVEF,
LVGLS, E/e€' ratio, severe AR), AVR only, biological valve, medication at
discharge (angiotensin-converting enzyme inhibitor [ACEI]/angiotensin
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II receptor blocker [ARB], mineralocorticoid receptor antagonist
[MRA], p-blocker), and echocardiographic findings in the follow-up
period (EOA and mean transvalvular gradient). BNP and CRP were
incorporated into univariate logistic regression analysis model after log
transformation because these variables were nonnormally distributed
variables. Variables with a p value of <0.05 were incorporated into the
multivariable logistic regression analysis model. Statistical analyses
were conducted with SPSS for Windows, version 24.0 (IBM, Armonk,
NY, USA) and R program version 4.0.5 (package “PredictABEL”, R
Foundation, Vienna, Austria). Statistical significance was defined as p <
0.05.

3. Results
3.1. Echocardiographic changes after AVR

We compared echocardiographic findings in the pre-AVR period
with those in the follow-up period. In the pre-AVR period, 23 patients
(52 %) had LV dysfunction and 21 (48 %) had preserved LV function.
Sixteen patients of the LV dysfunction group in the pre-AVR period
improved to reach the preserved LV function group in the follow-up
period. By contrast, one patient from the preserved LV function group
in the pre-AVR period worsened to LV dysfunction in the follow-up
period. Finally, eight patients had LV dysfunction and 36 had pre-
served LV function in the follow-up period (Fig. 2). Table 1 shows the
echocardiographic time-dependent change after AVR. LAVI, LVDd,
LVDs, LVDs index, LVEDV, LVESV and tricuspid regurgitation velocity
significantly decreased during the follow-up period compared with the
pre-AVR period (LAVI, 37.0 & 12.0 mm vs. 44.7 + 12.8 mm, p < 0.01;
LVDd, 44.9 £+ 6.0 mm vs. 57.6 + 7.5 mm, p < 0.01; LVDs, 29.5 + 6.6
mm vs. 42.1 + 8.7 mm, LVDs index 18.9 + 4.2 vs. 26.8 &+ 5.3 mm/m2, p
< 0.01; LVEDV 76.1 £ 27.1 vs. 153.8 £ 64.9, p < 0.01; LVESV 32.9 +
16.5vs.72.5+ 35.0,p < 0.01; TRV, 2.18 £ 0.29 m/s vs. 2.30 £ 0.32 m/

7 patients

»> (n=8)

(Il=23) 16 patients

(n=36)
1 patient
(@=21)

20 patients

Pre AVR period Follow-up period

Patients with LV dysfunction

Patients with preserved LV function

Fig. 2. Time-dependent change in the number of patients with LV dysfunction
or those with preserved LV function. The LV function of 16 patients in the LV
dysfunction group in the pre-AVR period improved up to the level of preserved
LV function in the follow-up period. AVR, aortic valve replacement; LV, left
ventricular.
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Table 1

Echocardiographic time-dependent change after aortic valve replacement in
patients with aortic valve regurgitation.

Table 2
Clinical characteristics between left ventricular dysfunction group and pre-
served left ventricular function group after aortic valve replacement.

Pre AVR period Follow-up period p value Left ventricular Preserved left p-
B dysfunction group (n ventricular function value
LAVI (ml/m?) 44.7 +£12.8 37.0 £ 12.0 <0.01 _8) roup (1 — 36)
LVDd (mm) 57.6 £7.5 44.9 £ 6.0 <0.01 - group i1 =
LVDs (mm) 42.1 + 8.7 29.5 + 6.6 <0.01 Baseline clinical characteristics
LVDs index (mm/mz) 26.8 + 5.3 18.9 + 4.2 <0.01 Age at surgery, years 70.0 +£10.3 67.2 £13.1 0.57
LVEDV (ml) 153.8 + 64.9 76.1 +£27.1 <0.01 Male sex, n (%) 6 (75) 22 (61) 0.46
LVESV (ml) 72.5 + 35.0 329 +16.5 <0.01 Body mass index, 22.0£28 22.5+3.8 0.75
LVEF (%) 55.6 £ 10.0 57.6 + 6.8 0.08 kg/m2
LVGLS (%) 14.6 +£ 3.8 14.8 £2.9 0.63
E/e’ ratio 129 £ 6.4 11.1 £3.8 0.10 ical hi
TRV (m/s) 2.30 + 0.32 218 £ 0.29 <0.05 Past medical history
Hypertension, n (%) 5(63) 28 (78) 0.37
p value was evaluated by paired t-test. Diabetes mellitus,n 1 (13) 13 0.23
Abbreviation, LAVT; left atrial volume index, LVDd; left ventricular end-diastolic (%)
diameter, LVDs; left ventricular end-systolic diameter, LVEDV; left ventricular D.yshplldemla, n (%) 3(38) 13 (36) 0.94
end diastolic volume, LVESV; left ventricular end systolic volume, LVEF; left Bl:;S)Pld valve, n 368 60a7) 0.19
. . . . . . . . 0.
ventf‘lm}llar e:]ectlon fr.actl.on, LVGI_..S, left ventricular global longitudinal strain, Chronic atrial 0 13) 0.63
TRV; tricuspid regurgitation velocity. fibrillation, n (%)
Collagen diseases, n 0 (0) 1(3) 0.63
s, p < 0.05). By contrast, there were no significant differences in LVEF, (%) )
LVGLS and E/e' ratio between the follow-up period and the pre-AVR Isc;;‘;‘:;z:‘a‘sr(;) 0O 2 0.50
. i} 0
period. NYHA class >2,n 4 (50) 18 (50) 1.00
(%)
3.2. Clinical characteristics of LV dysfunction group versus preserved LV
function group after AVR Laboratory findings in the pre AVR period
BNP 92.1 (26.0-146.2) 79.3 (43.9-153.7) 0.90
Table 2 shows the clinical characteristics of the LV dysfunction group CRP 1.04(0.14-4.25) 0.07/(0.02-0.19) <0.01
. . . eGFR, mL/min/ 63.0 = 26.3 64.5+17.5 0.84
and preserved LV function group in the follow-up period. There were no 1.753m?
significant differences in baseline clinical characteristics, surgical pro- Hb level, g/dL 14.0 + 2.6 129+ 1.8 0.16
cedures, and medications at discharge between the two groups. WBC, /uL 6700 (5025-10,125) 5550 (4550-6800) 0.12
Regarding pre-AVR laboratory findings, CRP and neutrophils were Neutrophils, /uL. 4606 (3450-8320) 3215 (2594-4132) <0.05
significantly higher in the LV dysfunction group than in the preserved LV LMy;:'litlogstej’ui ut 1321(2(224;;3?8) ;326(2(;252;2?36) g"l‘z
- . . ytes, = = -
function group (CRP: 1.04 [0.14-4.25] vs. 0.07 [0.02-0.19], p < 0.01; Fosinophils, /ul. 180 (71-255) 118 (57-285) 0.74
neutrophils: 4606 [3450-8320] vs. 3215 [2594-4132],p < 0.05). In the Basophils, /uL 31 (12-46) 31 (20-49) 0.77
echocardiographic findings from the pre-AVR period, LVDs and LVDs
index were significantly higher, and LVEF and LVGLS were significantly Echocardiographic findings in the pre AVR period
lower, in the LV dysfunction group than in the preserved LV function LAVI, ml/m? 41.1+12.8 455 +12.9 0.39
group (LVDs: 49.6 + 9.4 mm vs. 40.4 + 7.7 mm, p < 0.01; LVDs index: IVSTd, mm 11.3+1.2 11.3+1.6 1.00
31.0 + 4.4 mm/m2 vs. 25.9 + 5.1 mm/m2, p < 0.05; LVEF: 45.7 + 9.3 tx;‘(’j”d’ mm ;g? i ég ;f i ;2 g;‘;
, mm . . . . 3
% vs. 57.7 + 8.9 %, p < 0.01; LVGLS: 11.6 + 3.2 vs. 15.2 + 3.6, p < LVDs, mm 496 £ 04 404 477 <0.01
0.05). EOA and mean transvalvular gradient after AVR were not LVDs index, mm/m?  31.0 + 4.4 25.9 + 5.1 <0.05
significantly different between the 2 groups. LVEF, % 45.7 £ 9.3 57.7 + 8.9 <0.01
LVGLS, % 11.6 £3.2 15.2 £ 3.6 <0.05
.. . . . 5 E/e’ ratio 141 £10.4 12.3 £4.7 0.45
3.3: Significant factors associated with LV dysfunction in the follow-up Severe AR, n (%) 4(50) 27 (75) 016
period Moderate MR, n (%) 0 (0) 1(3) 0.63
Moderate TR, n (%) 0 (0) 3(8) 0.40
Univariate logistic regression analysis revealed that natural loga-
rithm (In) CRP, LVDs, LVDs index, LVEF, and LVGLS in the pre-AVR Surgical procedure
period were significantly associated with LV dysfunction in the follow- AVR only, n (%) 4 (50) 23 (64) 0.47
up period (In CRP: odds ratio (OR) 2.70, 95 % confidence interval (CI) B“(’(}/"glcal valve, n 4(50) 21 (58) 0.67
1.38-5.30, p < 0.01; LVDs: OR 1.15, 95 % CI 1.03-1.28, p < 0.05; LVDs R
index: OR 1.20, 95 % CI 1.03-1.40, p < 0.05; LVEF: OR 0.88, 95 % CI o .
0.80-0.97, p < 0.01; LVGLS: OR 0.75, 95 % CI 0.59-0.96, p < 0.05). Medication at discharge
. . he i 1 lati f LVDs. LVDs ind LVEF d ACEI or ARB, n (%) 2 (25) 17 (47) 0.25
Considering the internal correlation o S, s index, an MRA, n (%) 00) 5(14) 0.26
LVGLS, we excluded LVDs, LVDs index and LVGLS from the multivari- p-blocker, n (%) 8 (100) 34 (94) 0.50
able logistic regression analysis. Multivariable logistic regression anal- Ca blocker, n (%) 2(25) 12 (33) 0.65
ysis showed that both In CRP and LVEF in the pre-AVR period were
significantly associated with LV dysfunction in the follow-up period (In Echocardiographic findings in the follow-up period
CRP: OR 4.15, 95 % CI 1.44-11.98, p < 0.01; LVEF: OR 0.79, 95 % CI EOA, cm? 1.60 + 0.64 1.52+0.37 0.67
Mean transvalvular 11.7 £5.5 11.0 £ 4.3 0.73

0.65-0.97, p < 0.05) (Table 3).
3.4. ROC analysis to predict LV dysfunction in the follow-up period

ROC analysis was performed to illustrate the diagnostic ability and
determine the optimal cutoff value of CRP and LVEF during the pre-AVR

gradient, mmHg

Abbreviations: AVR, aortic valve replacement; NYHA, New York Heart Associ-
ation; BNP, B-type natriuretic peptide; CRP, C reactive protein; eGFR, estimated
glomerular filtration rate; Hb, hemoglobin level; WBC, white blood cell; LAVI,
left atrial volume index; IVSTd, interventricular septal thickness in diastole;
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LVPWTd, left ventricular posterior wall thickness in diastole; LVDd; left ven-
tricular end-diastolic diameter, LVDs; left ventricular end-systolic diameter,
LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitu-
dinal strain; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; MRA, mineralocorticoid receptor antagonist; EOA, effective
orifice area.

The p values were obtained by student's-t-test, Mann-Whitney U test or chi-
squared test.

period for predicting LV dysfunction in the follow-up period. As shown
in Fig. 3a, the area under the curve (AUC) of CRP for LV dysfunction was
0.84. We also found that the best cutoff value of CRP was 0.13 mg/dL
(sensitivity, 88 %; specificity, 69 %). Similarly, the AUC of LVEF for LV
dysfunction was 0.83, and the best cutoff value of LVEF was 50 %
(sensitivity, 83 %,; specificity, 75 %) (Fig. 3b). The AUC of LVEF plus CRP
for predicting LV dysfunction improved up to 0.94 (Fig. 3c).

3.5. Decision curve analysis

Fig. 4 demonstrated the decision curves for LVEF and LVEF plus CRP
to predict LV dysfunction in the follow-up period. Although LVEF was
useful to predict LV dysfunction between threshold probabilities of
0-30 %, LVEF plus CRP was more useful than only LVEF to predict LV
dysfunction for most of the risk thresholds.

3.6. Predictive model for LV dysfunction in the follow-up period

We divided enrolled patients into four groups according to the cutoff
value of CRP (0.13 mg/dL) and LVEF (50 %) in the pre-AVR period: low
CRP (<0.13 mg/dL) and high LVEF (>50 %) group (n = 19), low CRP
(<0.13 mg/dL) and low LVEF (<50 %) group (n = 7), high CRP (>0.13
mg/dL) and high LVEF (>50 %) group (n = 13), and high CRP (>0.13
mg/dL) and low LVEF (<50 %) group (n = 5). In the low CRP and high
LVEF group, no patients had LV dysfunction in the follow-up period. By
contrast, all patients in the high CRP and low LVEF group had LV
dysfunction during the follow-up period (Figs. 4 and 5).

4. Discussion

A novel and main finding in the present study was that the combi-
nation of CRP and LVEF values was of significant use in predicting
improved LV function after AVR.

In patients with AR, AVR was reported to have a useful effect on long-
term survival [15] and LV reverse remodeling [16,17]. However, LV
dysfunction in the pre-AVR period was associated with poor outcome
after AVR [4,7]. In the present study, decreased LVEF (<50 %) in the
pre-AVR period was significantly associated with LV dysfunction after
AVR, indicating the importance of pre-AVR LV function. In addition, our
study revealed that increased CRP levels were useful to predict LV
dysfunction after AVR even after adjusting for LVEF.

CRP is a nonspecific, commonly used marker for inflammatory
response. Inflammatory cells release cytokines, which stimulate hepa-
tocytes to release CRP [18], which is associated with various types of
cardiovascular disease. Moreover, inflammation plays an important role
in all stages of the atherosclerotic process [19]. Therefore, atheroscle-
rosis is usually considered a chronic inflammatory disease [20]. In
valvular heart disease, AS has also been identified as an inflammatory-
based condition [21], sharing common pathophysiology with athero-
sclerosis such as calcification, deposition of lipoproteins, and chronic
inflammation. Persistently high levels of CRP have been associated with
disease progression and increased cardiovascular mortality in patients
with AS [22]. However, there have been only a few reports about the
association between AR and inflammatory cytokines. Although we
previously reported that increased CRP level was significantly associ-
ated with LV dysfunction in AR patients, all enrolled patients in that
study had collagen diseases [9]. Accordingly in that study, we concluded
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Table 3
Logistic regression analysis for left ventricular dysfunction in the follow-up
period.

Univariate analysis Multivariable analysis

OR (95 % CI) P- OR (95 % CI) P-

value value
Age per 1 year 1.02 0.57
(0.96-1.09)
Male sex/ yes 1.91 0.47
(0.34-10.82)
Body mass index per 1 0.96 0.74
kg/m? (0.77-1.21)
Hypertension/ yes 0.48 0.37
(0.09-2.44)
Diabetes mellitus/ yes 5.00 0.28
(0.28-89.80)
Dyslipidemia/ yes 1.06 0.94
(0.22-5.18)
Bicuspid valve/ yes 3.00 0.20
(0.56-16.07)
NYHA class >2/yes 1.00 1.00
(1.00-1.00)
Ln BNP per 1 0.96 0.90
(0.49-1.88)
Ln CRP per 1 2.70 <0.01 4.15 <0.01
(1.38-5.30) (1.44-11.98)
eGFR per 1 mL/min/ 1.00 0.84
1.73m* (0.96-1.04)
Hb level per 1 mg/dL 1.37 0.16
(0.88-2.14)
LAVI per 1 mL/m? 0.97 0.38
(0.91-1.04)
IVSTd per 1 mm 1.00 1.00
(0.60-1.66)
LVPWTd per 1 mm 0.66 0.18
(0.37-1.21)
LVDd per 1 mm 1.05 0.38
(0.94-1.18)
LVDs per 1 mm 1.15 <0.05 Not selected
(1.03-1.28)
LVDs index per 1 mm/m?  1.20 <0.05  Not selected
(1.03-1.40)
LVEF per 1 % 0.88 <0.01 0.79 <0.05
(0.80-0.97) (0.65-0.97)
LVGLS per 1 % 0.75 <0.05 Not selected
(0.59-0.96)
E/e’ ratio per 1 1.04 0.45
(0.93-1.17)
Severe AR 0.33 0.16
(0.07-1.62)
AVR only/yes 0.57 0.47
(0.12-2.65)
Biological valve/yes 0.72 0.67
(0.15-3.32)
ACEI/ARB/yes 0.37 0.26
(0.07-2.10)
MRA/yes Not selected
B-blocker/yes Not selected
EOA/lem® 1.58 0.66
(0.21-11.97)
Mean transvalvular 1.03 0.72
gradient/ 1 mmHg (0.87-1.22)

Laboratory findings and echocardiographic findings other than EOA and mean
transvalvular gradient were obtained in the pre AVR period.

EOA and mean transvalvular gradient were obtained in the follow-up period.
Abbreviations: AVR, aortic valve replacement; NYHA, New York Heart Associ-
ation; In, natural logarithm; BNP, B-type natriuretic peptide; CRP, C reactive
protein; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; LAVI, left
atrial volume index; IVSTd, interventricular septal thickness in diastole;
LVPWTd, left ventricular posterior wall thickness in diastole; LVDd; left ven-
tricular end-diastolic diameter, LVDs; left ventricular end-systolic diameter,
LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitu-
dinal strain; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; MRA, mineralocorticoid receptor antagonist; EOA, effective
orifice area.

P value was obtained by the logistic regression analyses model.
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Fig. 3. Receiver-operator characteristic curve analysis of (a) CRP, (b) LVEF and (c) LVEF plus CRP for LV dysfunction in the follow-up period. Red arrow indicates
cutoff point. CRP, C-reactive protein; AUC, area under the curve; LVEF, left ventricular ejection fraction. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

that the association between high levels of CRP and LV dysfunction
exists only in AR patients with collagen diseases. By contrast, in our
present study only one AR patient had collagen disease and her LV
function was preserved after AVR, indicating that collagen diseases
might not be important regarding the association between CRP and LV
dysfunction after AVR. Several studies showed that CRP is associated
with an increased risk of cardiovascular events [23,24]. CRP is thought
to reflect an important inflammatory component in the pathogenesis of
ischemic heart disease [25]. To exclude the effect of ischemic heart
disease on our present cohort, we excluded patients who underwent
AVR and CABG simultaneously. Thus, only two patients had a history of
ischemic heart disease, and these two patients were in the preserved LV
function group after AVR. Therefore, we concluded that ischemic heart
disease might not be irrelevant to the association between CRP and LV

dysfunction in our present study.

Several studies have identified the importance of inflammation in the
development and progression of heart failure [26]. Inflammation and
heart failure are strongly interconnected and mutually reinforce each
other [27]. Particularly in heart failure preserved ejection fraction
(HFpEF), comorbidity-driven systemic microvascular inflammation is
postulated to play a key role in the pathogenesis of myocardial structural
and functional changes [28]. Because the average LVEF was 55 %, many
patients in our present study were also considered to have HFpEF.
Therefore, microvascular inflammation might exist among our patients.
Several studies have shown the relationship between CRP and clinical
outcome in HFpEF patients. CRP was associated with several proin-
flammatory cytokines and markers of heart failure severity and was
predictive of all-cause and cardiovascular mortality [29]. Therefore,
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Fig. 4. Decision curves for LVEF and LVEF
plus CRP to predict LV dysfunction in the
follow-up period. The black line is the net
benefit of treating no patients. The grey line
is the net benefit of treating all patients. The
blue line is the net benefit of treating pa-
tients according to LVEF. The red line is the
net benefit of treating patients according to
LVEF plus CRP.

LVEF, left ventricular ejection fraction; CRP,
C-reactive protein; LV, left ventricle. (For
interpretation of the references to colour in
this figure legend, the reader is referred to
the web version of this article.)
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Fig. 5. Predictive model for LV dysfunction in the follow-up period. We divided
the study patients into four groups according to CRP level and LVEF level: low
CRP and high LVEF group (n = 19), low CRP and low LVEF group (n = 7), high
CRP and low LVEF group (n = 13), and high CRP and low LVEF group (n = 5).
LV, left ventricle, CRP, C-reactive protein; LVEF, left ventricular ejec-
tion fraction.

cardiac structural change caused by AR was similar to HFpEF, which
might be the reason why increased CRP was significantly associated
with LV dysfunction after AVR. Even in AS patients, elevated inflam-
matory markers before transcatheter aortic valve implantation were
associated with cardiac dysfunction in the follow-up period [30], indi-
cated that inflammation in the pre-AVR period was important for car-
diac dysfunction after AVR in patients both with AR and AS.

ACEIs, ARBs, MRAs, and f-blockers have been widely used for car-
diac protection in patients with heart failure [31-34]. In the present
study, however, ACEIs or ARBs and MRAs were not fully prescribed to
patients in the LV dysfunction group. Our results indicated that the
combination of low LVEF and high CRP was useful in predicting cardiac
dysfunction after AVR. Thus, we are minded to prescribe adequate
medical therapy that includes ACEIs, ARBs, and MRAs to patients with
low LVEF and high CRP levels during the pre-AVR period.

4.1. Study limitations

The present study has several limitations. First, we enrolled a rela-
tively small number of patients and carried out the study at a single
center. Second, we did not evaluate AR volume for all enrolled patients.
The proximal isovelocity surface area method and volumetric method

08 10

are used for quantitative analysis of the severity of AR. Many patients
could not undergo these quantitative analyses because the proximal
isovelocity surface area method is not valid for multiple or eccentric jets
and the volumetric method is not valid for patients with aortic valve or
mitral annulus calcification because it is difficult to measure LV outflow
tract diameter or mitral annulus diameter. Therefore, we evaluated the
severity of AR comprehensively by using quantitative and qualitative
methods. Third, 75 % of the preserved LV function group in the follow-
up period had severe AR prior to surgery. In contrast, only 50 % of those
had severe AR in the reduced LV function group. This result suggested
that concealed cardiomyopathy might be more in the reduced LV
function group than in the preserved LV function group. Although car-
diac biopsy or cardiac magnetic resonance imaging is necessary to
exclude cardiomyopathy, these procedures were not available to many
patients in our present study. Therefore, we could not compare the rate
of concealed cardiomyopathy between reduced LV function group and
preserved LV function group. This point was an important limitation of
our present study. Forth, the comparison between AVR population and
non-AVR population might be useful to emphasis the usefulness of CRP
level for LV dysfunction after AVR. However, in our present study, we
focused on the time-dependent change of cardiac function between pre
and post AVR periods in AR patients. Therefore, we did not include non-
AVR population in our present study to avoid confusion. Future pro-
spective multicenter study may be need to evaluate the difference of CRP
utility between AVR population and non-AVR population. Despite these
limitations, our study is unique in showing the importance of CRP levels
in predicting LV dysfunction after AVR in AR patients.

5. Conclusion

A high CRP level was significantly associated with LV dysfunction
after AVR, even after adjusting for LVEF. A combination of CRP and
LVEF values might be useful for the prediction of LV functional
improvement after AVR.
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