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Abstract Information about the effects of angiotensin II receptor blocker (ARB) therapy on the
hemodynamic and cardiac structure in patients with chronic aortic regurgitation (CAR)
and isolated systolic hypertension (ISH) is limited.
This study planned to test the hypothesis that L-arginine could further enhance the
beneficial effect of an ARB, losartan, and provide a favorable effect on the natural
history of CAR and ISH.
Sixty patients with CAR and ISH were enrolled in a randomized, double-blind trial
comparing hemodynamic and ultrasonic change in two treatment arms: losartanþ L-
arginine and losartan-only treated groups. Serial echocardiographic and hemodynamic
studies were evaluated before and after treatment.
Both groups had a significant reduction in systolic blood pressure (SBP) and diastolic
blood pressure (DBP), left ventricular end-diastolic volume index (LVEDVI), LV end-
systolic volume index (LVESVI), LV mass index (LVMI), and LV mean wall stress after 6-
and 12-month treatment (p <0.01 in all comparisons). Both groups had a significant
increase in LV ejection fraction and exercise duration after 6- and 12-month treatment
(p<0.01 in all comparisons). Using multivariate linear regression analysis, only
losartanþ L-arginine therapy achieved a significantly lower LVESVI (38.89�0.23
mL/m2), LVEDVI (102.3�0.3mL/m2), LVMI (107.6�0.3 g/m2), SBP (123.5� 1.0mm
Hg), and greater exercise duration (7.38�0.02minutes) than those of the losartan-
only treated groups (p <0.01 in all comparisons).
These findings suggest that early co-administrative strategy provides a beneficial
approach to favorably influence the natural history of CAR.
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Chronic aortic regurgitation (CAR) and isolated systolic hyper-
tension (ISH) can lead to progressive volume and pressure
overload of the left ventricle (LV) andmay subsequently cause
LV dilatation and hypertrophy, congestive heart failure (CHF),
andevensuddencardiacdeath.1–3Several studies indicate that
patients with CAR may benefit from vasodilators.3–6 Vaso-
dilators have the potential to reduce afterload and decrease
wall stress, thereby limiting LV dilatation and hypertrophy.1

Vasodilators such as angiotensin-converting enzyme inhibi-
tors (ACEI) and calcium-channel blockers have been suggested
by some experts to prevent disease progression and delay the
need for aortic valve replacement (AVR).1,4,6

Anangiotensin II receptorblocker (ARB) is apharmaceutical
agent that modulates the renin-angiotensin-aldosterone sys-
tem (RAAS), which is responsible for blood pressure (BP)
regulation and fluid and electrolyte homeostasis. ARBs have
been widely used in treating hypertension and CHF.7,8 The
reports of the effect of ARBs in evaluating the LV functional
change in aortic regurgitation were limited.9,10 Only one
article has studied the effects of losartanþ L-arginine in
patients with heart failure secondary to coronary heart dis-
ease.11 However, little is known about the clinical efficacy of
ARBs in patients with CAR and ISH.

Thediscoveryof the L-argininenitric oxide (NO)pathwayhas
had a profound impact on biological science.12,13 NO reduces
stress, minimizes vascular resistance, and optimizes regional
blood flow. Moreover, several long-term studies have
demonstrated that chronic oral administration of L-arginine
can improve clinical symptoms of certain cardiovascular
diseases.14,15 To the best of our knowledge, there is no report
describing theeffectofco-administrationofARBsand L-arginine
in treatingpatientswithCARand ISH.Wehypothesizethat long-
term co-administration of ARBs and L-arginine may enhance
ARBefficacy inpatientswithCARandISH.Totest thehypothesis,
we conducted a randomized, double-blind trial with two treat-
ment arms that includeda losartanplus L-arginine (Lþ A)group
and a losartan (L) group.

Methods

Study Patients
Patients with Doppler echocardiography–documented
Aortic Regurgitation (AR) and preserved LV ejection fraction
(LVEF>50%) who had a baseline (resting) systolic BP (SBP)
�140mm Hg and diastolic BP (DBP) <90mm Hg were
enrolled. Thosewithworsening ARwithin the past 6months,
with other significant valvular lesions, and with histories of
significant coronary heart disease, atrial fibrillation, CHF, or
diabetes mellitus were excluded. From January, 2016, to
December 31, 2018, 68 patients were included. To achieve
a homogenous population, six patients with rheumatic heart
diseasewere excluded. Sixty-two patientswith degenerative
CAR and ISH underwent this age-matched, double-blind
treatment trial. Only two patients were withdrawn due to
relocation. Sixty asymptomatic patients with CAR and ISH
from Yuan’s General Hospital, in Kaohsiung City, Taiwan, and
An-Fa Institution of PreventiveMedicine, Taipei City, Taiwan,
were enrolled in the study.

The study protocolwas approved by theReviewCommittee
on Ethics of the Yuan’s General Hospital and the An-Fa
Institution of Preventive Medicine. All patients gave written
informed consent before participation in this clinical trial. The
cause of CAR was due to degeneration of the valve structure.
Patientswith chronic degenerative ARwere selected by exclu-
sion of other causes of AR from medical history, radiography,
electrocardiography, and echocardiographic appearance. The
exclusion criteria included history of rheumatic heart disease,
dissecting aortic aneurysm, and AR combined with mitral
stenosis. Degenerative AR typically presented with echocar-
diographic features of aortic valve thickening change and/or
dilated aortic root.

This study used the AR jet height/LV outflow tract (LVOT)
height ratio in the parasternal long-axis view and AR jet
area/LVOT area ratio in the parasternal short-axis view as
criteria for judging the extent of AR. Ratios of <0.25, 0.26 to
0.64 and >0.65 of AR jet height/LVOT height and ratios of
<0.50, 0.50 to 0.59 and >0.60 of AR jet area/LVOT area
indicated mild, moderate, and severe AR, respectively.16

The AR duration was established by chart records obtained
from medical history taken directly from study patients.
Only asymptomatic AR patients and ISHwere included in this
clinical trial. The duration of hypertensionwas also obtained
if BP was >140/90mm Hg from chart records in all patients.
None of the patients underwent cardiac catheterization
because they were asymptomatic.

Study Protocol
Losartan (COZAAR, Merck and Co, NJ) is an ARB with antihy-
pertensive effect. The L-arginine supplement (Synginine) is a
sustained release (SR) product (Synmosa Biopharma Co.).
The initial assessments of all patients included a complete
history, physical examination, blood chemistries, urinalysis,
12-lead electrocardiogram (ECG), treadmill exercise testing
(Bruce protocol), M-mode, 2-dimensional, and Doppler
transthoracic echocardiogram. Similar assessments were
screened intermittently to select patients without underly-
ing liver or kidney disease initially and to observe whether
they developed adverse effects after treatment.

Before we conducted this study, a pair of participants of
similar age (grouped in 10 years) and sex were used as an
age- and sex-matched group and subsequently randomized
based on the stratification with computer assignment. Sixty
asymptomatic patients with CAR and ISH were matched by
age and sex and stratified into one of two treatment arms:
Lþ A group or L- group. A double-blind designwas used, and
neither the physicians nor the patients were aware of their
treatment regimen. The clinical characteristics of all patients
who were enrolled and randomized in the trial are listed
in ►Table 1. Echocardiographic evaluation, SBP, DBP, heart
rate (HR) measurements, and treadmill exercise duration
(ED) (Bruce protocol) were studied at baseline and repeated
6- and 12-month, post randomization.

Drug Administration
Study patients were asked to discontinue their current
antihypertensive drugs for 2 weeks (the placebo run-in
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period). Patientswere instructed to take chewable nifedipine
(Adalat) 5mg sublingually, every 3hours, if needed (if sys-
tolic BP >160mm Hg during the placebo run-in period). We
instructed patients not to stand for at least 30 to 40minutes

after taking nifedipine sublingually to avoid development of
orthostatic hypotension. Additionally, we asked patients to
report chest pain or persistent dizziness after use of nifedi-
pine. Of note, we did not enroll patients with hypertensive

Table 1 Comparison of demographic data, risk factors, and clinical data in two groupsa

Lþ A group (losartanþ L-arginine) L group (losartan) p-Value

No. 30 30

Age (y) 66.4�9.6 66.4�9.4 0.500

Sex (M/F) 23/7 24/6 0.389

HT duration 8.4�5.0 8.5�4.9 0.469

SBP 3160mm Hg (No. %) 11 (36.7%) 11 (36.7%) 0.500

Heart rate (bpm) 77.5�7.2 78.6�7.4 0.958

AR duration (y) 6.0�3.2 6.1�3.5 0.454

Risk factor/laboratory data

BMI (kg/m2) 23.8�2.3 24.9�2.5 0.038

Diabetes mellitus No. (%) 4 (13.3) 3 (10.0) 0.345

Current smoker No. (%) 14 (46.7) 13 (43.3) 0.396

Total cholesterol (mg/dL) 185�42 188�43 0.392

LDL-cholesterol (mg/dL) 115�35 114�39 0.458

Triglyceride (mg/dL) 149�40 156�48 0.270

BUN (mg/dL) 18.87�6.46 17.36�4.75 0.151

Creatinine (mg/dL) 1.35�0.34 1.32�0.25 0.349

Sodium (mEq/L) 140.97�3.78 141.87�2.94 0.152

Potassium (mEq/L) 4.28�0.35 4.32�0.42 0.322

GOT (U/L) 29.32�9.59 28.35�8.80 0.342

GPT (U/L) 25.77�9.82 28.35�8.80 0.400

HbA1c (%) 6.54�1.51 6.13�1.06 0.141

UA (mg/dL) 6.84�2.10 7.10�1.44 0.288

Severity of AR

Mild/moderate/severe, No. 9/12/9 9/12/9

Dilated aortic root, No. (%) 10 (33.3) 9 (30.0) 0.392

Echo data

LVEDVI (mL/m2) 125.5�11.3 125.4�11.4 0.486

LVESVI (mL/m2) 51.00�11.02 51.23�10.77 0.467

LVEF (%) 59.78�5.41 59.60�5.18 0.448

LVMWS (K dyne/cm2) 389.9�45.2 390.4�45.5 0.483

LV mass index(g/m2) 131.8�11.9 131.7�11.9 0.487

Drug regimen

Aspirin, No. (%) 10 (33.3) 11 (36.7) 0.391

Statin, No. (%) 14 (46.7) 15 (50.0) 0.399

Diuretic drug(added) 8 (26.7%) 11 (36.7%) 0.203

Additive L-arginine Yes No

Beta-blocker 14 (46.7%) 15 (50.0%) 0.397

Abbreviations: AR, aortic regurgitation; BMI, body mass index; BUN, blood urea nitrogen; F, female; GOT, aspartate aminotransferase; GPT, alanine
aminotransferase; HbA1c, glycated hemoglobin; HT, hypertension; LDL, low density lipoprotein; LVEDVI, left ventricular end-diastolic volume index;
LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; LV, left ventricular; LVMWS, LV mean wall stress; Lþ A,
losartanþ L-arginine; L, losartan; M, male; SBP, systolic blood pressure; SD, standard deviation; UA, uric acid.
aData are presented as mean� SD unless indicated otherwise. There are no significant differences in the demographic information of all data
between the 2 groups.
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emergencies or urgencies. None of our patients developed
severe adverse effects during the run-in period.

Losartan was started at 25mg once daily for the first
2weeks. The dosagewas increased to 25mg twice a day (bid)
in week 3 or 4, if BP was >140/90mm Hg. The L-arginine
supplementation with losartan was started at 2.5 g daily
and then increased to 5 g bid after 2 weeks if patients could
tolerate this dose. After 4 weeks, a diuretic was added
and titrated upward if BP remained >140/90mm Hg. The
dosing schedule can be found in►Fig. 1. This higher dosewas
maintained if no major adverse effect was encountered. The
dosagewas not increased if there were major adverse effects
such as headache, abdominal fullness, diarrhea, or other
allergic reaction, or if hemodynamic end points were met
(SBP �140mm Hg or BP reduction �20% of the initial BP). In
other words, the maintenance dosage depended on the
physician’s clinical assessment, hemodynamic end points,
and adverse reactions to the assigned treatment.

Echocardiographic Analysis
Two-dimensional echocardiograms were performed with a
commerciallyavailableHP (Hewlett-Packard) 7500ultrasound
system with a 2.5-MHz transducer. Measurements were per-
formedat theendof the trial. Echocardiographic examinations
were coded and read by two independent observers (M. L. and
S.-L.L.), both of whom were blinded to the patient’s identity
and order of studies. A discrepancy�10mL for LV volume and
�10g for LV mass index required repeated analysis of the
echocardiographic data by a third observer; H-W.K.
Agreement was achieved by consensus. All echocardiographic
measurementsweremade according to the recommendations
of the American Society of Echocardiography.17 LV mean wall
stress (MWS) was measured by combining peak systolic
arterial pressure (SAP) measurements (Cuff method) of LV
radius and posterior wall thickness as follows: MWS
(K dyne/cm2)¼CF� SAP�Rm/Thm, where CF¼ conversion

factor (CF¼1Kdyne/cm2mmHg) andRmandThm¼ averages
ofend-diastolic andend-systolic values of theLVradius (R) and
wall thickness (Th) (cm).18Thesemeasurementswere doneon
M-mode tracings derived from two-dimensional visualization
of the LV in the parasternal short-axis view, similar to previous
methods.3,18 LV endocardial and epicardial echocardiograms
in apical 4-chamber and parasternal short-axis views for 5
cardiac cycles were digitized at end-diastole (R wave peak on
ECG) and at end-systole (time of the smallest cavity area) by
two independent observers. LV volumeswere calculated by an
ellipsoid biplane area-length model, and ejection fraction
was derived as (EDV-ESV)/EDV�100%, where EDV and ESV
represented end-diastolic and end-systolic volume, respec-
tively.17,19 LV myocardial mass (LVM) was calculated using a
two-dimensionalmethodbasedon thearea-length formulaby
multiplying the myocardial volume by the specific weight of
cardiacmuscle (1.05g/mL).17,19,20All valueswereexpressedas
an index (m2) by dividing by body surface area.

Statistical Analysis
All values are presented as mean� standard deviation.
One-way analysis of variance was used to compare data
between the two groups. The Scheffe test was used to compare
the data difference in each group at baseline and following
6- and 12-month treatments. Before using multivariate analy-
sis, we checked the assumptions of our data, including normal
distribution, a post-hoc sample size calculation, and residual
analysis of the echocardiographic and hemodynamic data. The
intensity change of echocardiographic and hemodynamic
data at baseline versus after 6-month, baseline versus after
12-month, and 6-month versus after 12-month treatment was
calculated and presented as percentage changes. Multivariate
regression analysis was used to adjust for age and sex to
compare the difference on intensity changes of echocardio-
graphic and hemodynamic data using losartan (L) treatment as
the referencegroup in threestages.Pearson correlationanalysis

Fig. 1 Drug administration protocol shows the administration of the study drugs in these two groups and how dose was initiated and increased
at various time intervals. A, L-arginine; bid, twice a day; D, diuretic (hydrochlorothiazide); First, first clinical assessment; L, losartan; qd, once a
day; Second, second clinical assessment.
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was employed in 30 patients to assess whether the measure-
ments of echocardiographic variables were reproducible. Any
difference was considered significant at an α level of <0.05.

Results

Baseline Comparisons and Follow-Up
For the L-arginine supplement, the dose of L-arginine was
increased progressively. The L-arginine dosewas increased to
5 g bid after 2 weeks and remained unchanged thereafter.
Most patients tolerated L-arginine very well. However, some
patients developed mild gastrointestinal symptoms, which
were relieved with antacids. Thus, 18 patients (60%) used
10 g (5 g bid) daily and 12 patients (40%) received 7.5 g
(5 g AM, 2.5 g PM) daily. Clinical characteristics andmeasure-
ments of LV dimensions and the baseline echocardiographic

and hemodynamic examinations in these two groups were
similar (►Table 1). All participants were asymptomatic, and
none required surgical intervention during the 12-month
follow-up period. There was no substantial deterioration of
liver or renal function (as assessed by the serum aspartate or
alanine aminotransferase, blood urea nitrogen, and creati-
nine levels), sodium or potassium levels, or substantial
change in uric acid or glycated hemoglobin levels during
the 12-month treatment in either groups. The grading of AR
severity of the study patients by the AR jet height/LVOT
height ratio from the parasternal long-axis view and by the
AR jet area/LVOT area ratio from the parasternal short axis-
view was similar for the two groups. The reproducibility of
the measurements of echocardiographic variables (in 30
cases) was good. The results of Pearson correlation analysis
are shown in ►Table 2; all r values were �0.905 and all p
values were <0.001.

The echocardiographic and hemodynamic analyses for
the two groups are summarized in ►Tables 3 and 4. Left
ventricular mean wall stress (LVMWS) and left ventricular
mass index (LVMI) were significantly reduced in both
losartan þ L-arginine-treated group and losartan-only–
treated group compared with the baseline (p<0.01). A
statistically significant reduction in LV end-diastolic volume
index (LVEDVI) and LV end-systolic volume index (LVESVI)
were also observed in these two groups after 6-month and
12-month follow-up evaluations (p<0.01). Additionally, a
mild increase in ejection fraction and ED was detected in
these two groups when compared with the baseline value
(p <0.01). Significant decrease in HRs, SBP, and DBP was also
found in both groups compared with those of baseline data
(p<0.01 in all comparisons, ►Tables 3 and 4).

Table 2 Results of the Pearson correlation analysis testing the
reproducibility of the measurements of echocardiographic
variables

Variables Interobserver Intraobserver

r p-Value r p-Value

LVEDV 0.961 <0.001 0.945 <0.001

LVESV 0.971 <0.001 0.961 <0.001

LVEF 0.964 <0.001 0.941 <0.001

LVM 0.952 <0.001 0.934 <0.001

LVMWS 0.937 <0.001 0.905 <0.001

Abbreviations: LVEDV, left ventricular end-diastolic volume; LVEF, left
ventricular ejection fraction; LVESV, left ventricular end-systolic volume;
LVM, LV mass, LVMWS, LV mean wall stress; r, correlation coefficient.

Table 3 Intensity change of echocardiographic and hemodynamic data in patients treated with losartanþ L-arginine during 12-
month follow-up perioda

(A) Baseline
stage

(B) Mid-term
stage
(6-month)

(C) Final
stage
(12-month)

Percent change

(A) A vs. B
(p-Value)

A vs. C
(p-Value)

B vs. C
(p-Value)

Echocardiographic data

LVEDVI (mL/m2) 125.5�11.3 107.6�11.8 102.5�11.4 –14.3 (<0.001) –18.3 (<0.001) –4.7 (<0.001)

LVESVI (mL/m2) 51.00�11.02 42.00�11.30 38.89�11.15 –17.6 (<0.001) –23.7 (<0.001) –7.4 (<0.001)

EF (%) 59.78�5.41 61.46�6.66 62.80�6.96 2.81 (<0.001) 5.05 (<0.001) 2.18 (<0.001)

LVMI (g/m2) 131.8�11.9 113.1�12.5 107.6�11.9 –14.2 (<0.001) –18.4 (<0.001) –4.9 (<0.001)

LVMWS (K dyne/cm2) 389.9�45.2 281.3�36.7 279.3�35.7 –27.9 (<0.001) –28.4 (<0.001) –0.7 (<0.010)

Hemodynamic data

HR (beats/min) 78.4�7.5 76.0�7.2 73.9�7.1 –3.06 (<0.001) –5.74 (<0.001) –2.76 (<0.001)

SBP (mm Hg) 175.6�19.2 126.4�15.2 123.0�14.4 –28.0 (<0.001) –30.0 (<0.001) –2.68 (<0.001)

DBP (mm Hg) 86.5�9.2 75.8�9.6 73.4�9.5 –13.5 (<0.001) –15.1 (<0.001) –3.16 (<0.001)

ED (min) 6.29�1.42 7.11�1.45 7.42�1.41 13.4 (<0.001) 18.0 (<0.001) 4.36 (<0.001)

Abbreviations: DBP, diastolic blood pressure; ED, exercise duration; EF, ejection fraction; HR, heart rate; LVEDVI, left ventricular end-diastolic volume
index; LVESVI, left ventricular end-systolic volume index; LVMI, LVmass index; LVWMS, LVmean wall stress; SBP, systolic blood pressure; SD, standard
deviation. Other abbreviation definitions can be found on ►Table 1.
aEchocardiographic and hemodynamic data are presented as mean� SD. Intensity changes of echocardiographic and hemodynamic data are
presented as percent changes.
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Intensity Change of Echocardiographic and
Hemodynamic Data
The intensity changes over time (baseline, 6-month, and
12-month follow-up) in echocardiographic and hemodynamic
variables presented as “percent change” after 6-month and
12-month treatment are shown in ►Tables 3 and 4. For the
losartanþ L-arginine–treatedgroup, therewas a 14.3 and 18.3%
decrease in the LVEDVI data after 6-month and 12-month
treatment, respectively (p<0.01 in both comparisons). A 4.7%
decrease in the LVEDVI when comparing 12-month data with
6-month data (p<0.01) was also noted. Similar findings for
LVESVI data were found in the comparison of 6-month and
12-month data to that of baseline, and 12-month to that of
6-month data (p<0.01 in all comparisons) (►Table 3). A
statistically significant reduction in LVEDVI and LVESVI was
observed in the losartan-only–treatedgroup after 6-month and
12-month follow-up evaluations (p<0.01 in all comparisons)
(►Table 4). LVMI decreased significantly after 6-month and
12-month treatment in both groups (p<0.001 in all compar-
isons). Additionally, a further decrease in LVMIwasnotedwhen
comparing 12-month versus 6-month data in both groups
(p<0.001 in all comparisons) (►Tables 3 and 4). Interestingly,
the losartanþ L-arginine–treated group had a significant
reduction in LVMWS in 12-month versus 6-month data, with
a p-value less than 0.01 (►Table 3); the p-value was less than
0.05 in the losartan group (►Table 4).

For hemodynamic variables, significant decreases in HRs
were found in both the losartanþ L-arginine–treated group
and the losartan-only–treatedgroup comparedwith baseline
data (P<0.01 in all comparisons) (►Tables 3 and 4). A
significant reduction in SBP and DBP were observed in
both groups after 6-month and 12-month follow-up
(p<0.01). Furthermore, both treatment strategies revealed
a significant increase in ED after 6-month and 12-month
treatment (p<0.01 in all comparisons) (►Tables 3 and 4).

Generally speaking, percent change of echocardiographic
and hemodynamic data had time-dependent trends with
serial changes over time in patients treated with different
regimens. Notably, the intensity of percent change in echo-
cardiographic and hemodynamic data in the group treated
with losartanþ L-arginine was slightly higher than in the
group treated with losartan alone.

Comparison of Echocardiographic and Hemodynamic
Data Using the Losartan Treatment Arm as the
Reference Group
►Table 5 shows the comparison of echocardiographic and
hemodynamic data using the losartan treatment arm as the
reference group, which were compared with those of the
losartanþ L-arginine treatment arm following 6-month and
12-month therapyaftermultivariate linear regression analysis
adjusted for baseline indicators, age, and sex. After 6-month
treatment, our results showed that there were no significant
differences in echocardiographic variables between the L
group and the LþA group. For the hemodynamic data, the
SBPandEDweresignificantlybetter in theLþ A–treatedgroup
compared with those in the losartan-only–treated group
(p<0.05 for both comparisons). For the 12-month data, the
statistically significant differences in all echocardiographic
variables were observed in the LþA group and not in the L
group. Additionally, there was a significantly lower SBP and
improved ED in the LþA group compared with the L group
(p<0.01 in both comparisons).

Discussion

Our results showed that patients treated with losartanþ
L-arginine demonstrated consistent improvements in echocar-
diographic and hemodynamic data, which were greater
than that seen in the losartan-only group after 6-month and

Table 4 Intensity change of echocardiographic and hemodynamic data in patients treated with losartan during 12-month follow-
up perioda

(A) Baseline
stage

(B) Mid-term
stage
(6-month)

(C) Final
stage
(12-month)

Percent change

A vs. B
(p-value)

A vs. C
(P value)

B vs. C
(p-value)

Echocardiographic data

LVEDVI (mL/m2) 125.4�11.4 108.0�11.5 106.0�11.5 –13.9 (<0.001) –15.5 (<0.001) –1.85 (<0.001)

LVESVI (mL/m2) 51.23�10.77 42.80�10.90 41.13�10.65 –16.5 (<0.001) –19.7 (<0.001) –3.90 (<0.001)

EF (%) 59.60�5.18 60.96�6.17 61.80�6.14 2.28 (<0.001) 3.69 (<0.001) 1.37 (<0.001)

LVMI (g/m2) 131.7�11.9 113.4�12.1 111.3�12.1 –13.9 (<0.001) –15.5 (<0.001) –1.85 (<0.001)

LVMWS (K dyne/cm2) 390.4�45.5 286.7�40.5 284.5�40.4 –26.6 (<0.001) –27.1 (<0.001) –0.76 (0.011)

Hemodynamic data

HR (beats/min) 78.5�7.5 76.1�7.2 75.8�7.0 –2.67 (<0.001) –3.43 (<0.001) –0.39 (0.03)

SBP (mm Hg) 175.9�19.0 129.5�17.1 127.4�16.9 –26.4 (<0.001) –27.6 (<0.001) –1.62 (<0.001)

DBP (mm Hg) 86.9�9.4 76.5�9.4 74.6�9.3 –12.0 (<0.001) –14.2(<0.001) –2.48 (<0.001)

ED (min) 6.25�1.43 6.95�1.44 7.06�1.46 11.2 (<0.001) 13.0 (<0.001) 1.58 (<0.001)

Abbreviations: DBP, diastolic blood pressure; ED, exercise duration; EF, ejection fraction; HR, heart rate; LVEDVI, left ventricular end-diastolic volume index;
LVESVI, left ventricular end-systolic volume index; LVMI, LV mass index; LVWMS, LV mean wall stress; SBP, systolic blood pressure; SD, standard deviation.
aEchocardiographic and hemodynamic data are presented as mean� SD. Abbreviation definitions can be found in ►Tables 1 and 2.
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12-month interventions. After adjusting for baseline echocar-
diographic and hemodynamic data, age, and sex, our study also
found that patients treated with losartanþ L-arginine showed
greater improvements in echocardiographic and hemodynamic
data than the losartan-treated group after 12 months.

Traditionally, ISH is defined as SBP above 140mm Hg and
DBP less than 90mmHg.21–23 In October 2018, the American
College of Cardiology/American Heart AssociationTask Force
reported new BP guidelines, according to which an SBP of
130mm Hg was considered hypertensive at all ages.24

Following this, ISH was defined as SBP above 130mm Hg
and DBP less than 90mm Hg. However, since our study
was initiated in 2016, we used the previous definition of

ISH (i.e., baseline [resting] SBP >140mm Hg and
DBP<90 mm Hg) in our inclusion criteria.

From 2016 through 2018, according to the Seventh Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure,8 the
definition of successful treatment (control) was to treat
SBP and DBP to targets of less than 140 and less than
90mm Hg, respectively. It was for this reason that we chose
SBP less than 140mm Hg, and not 130mm Hg, as our
treatment target.

Our study used the AR jet height/LVOT height ratio and the
AR jet area/LVOT area ratio for judging the severity of AR.
Sincewe used the parasternal long-axis plane and short-axis
planes to assess the extent of AR, the orthogonal imaging
planes likely provided additional information, which
provides confidence in quantifying the AR severity.25 This
method has been applied accurately in the past to predict the
severity of AR as determined by angiographic grading.26,27

CARand ISH inducelong-termhemodynamicburdenonthe
LV.1–3 Long-term hemodynamic overloadmay eventually lead
to muscle dysfunction, CHF, and even death.1,3,4 Therefore,
valvular replacement is recommended when more than mild
symptoms are present or before the LV is compromised due to
severe aortic regurgitation.1,3,4 Some studies have supported
the idea that asymptomatic patients with severe aortic regur-
gitation and normal LVEF may undergo surgery prior to the
development of symptoms or reduction of LVEF.26,27 This
recommendation is based on the fact that reduced LVEF
most likely has a marked adverse effect on survival after
AVR.26–29 However, some studies have indicated that there
is no good evidence that early valve replacement provides
benefit in symptomatic patients with normal LVEF,30,31 or in
asymptomatic patients with reduced LVEF.32–34 It is also
known that hypertension can be associated with complex
and diverse cardiovascular structure and function change.35,36

L-Arginine is the precursor for the endogenous synthesis of
NO. NO generated from L-arginine is an important messenger
molecule that is involved in functions as diverse as neurotrans-
mission, vasodilation, inflammation, and regulation of gene
expression.12,37 A previous study found that after oral intake,
L-arginine is subject to extensive presystemic and systemic
elimination by bacteria in the gut and arginase in the gut
and liver, respectively.38 This may limit the bioavailability of
L-arginine. Since circulatingdisappearanceof L-arginine is rapid,
a previous article found that L-arginine doses of �2 to 4g tid
(3 times a day) are required to provide a hypotensive effect.39

Anotherarticle reported that an L-argininedailydoseof6 to12g
would be required to produce a favorable hypotensive effect.40

Inourstudy, themaintenancedoseof L-arginine in25of30cases
(83%) was 10g daily. If patients developed adverse effects like
headache, abdominal fullness, diarrhea, or other allergic reac-
tions, the dose was tapered to 7.5g daily. This way all patients
were able to tolerate daily doses ranging from 7.5 to 10g.
Administration of L-arginine bid instead of tid was done to
achieve better compliance.

Acute and chronic administration of L-arginine has been
shown to improve endothelial function in both animal
and human models in the field of certain cardiovascular

Table 5 Comparison of echocardiographic and hemodynamic
data using losartan (l) treatment as reference group after 6-and
12-month treatment, using multivariate linear regression
analysis adjusted for baseline data, age, and sexa

(A) LþA
group
(n¼ 30)

(B) L
group
(n¼ 30)

p–Value

Echocardiography data (6-month)

LVEDVI (mL/m2) 107.4� 0.3 107.9 0.3 0.296

LVESVI (mL/m2) 42.01� 0.24 42.58�0.24 0.074

EF (%) 61.41� 0.21 61.10�0.21 0.276

LVMI (g/m2) 113.1� 0.4 113.4�0.4 0.527

LVMWS
(K dyne/cm2)

280.6� 2.6 284.7�2.5 0.238

Hemodynamic data (6-month)

HR (beats/min) 76.1� 0.2 76.0� 0.2 0.889

SBP (mm Hg) 126.6� 0.9 129.5�1.0 0.027

DBP (mm Hg) 75.9� 0.6 76.3� 0.6 0.634

ED (min) 7.06� 0.02 6.98� 0.02 <0.001

Echocardiographic data (12-month)

LVEDVI (mL/m2) 102.3� 0.3 105.9�0.3 <0.001

LVESVI (mL/m2) 38.9� 0.23 40.95�0.23 <0.001

EF (%) 62.75� 0.23 61.91�0.23 <0.001

LVMI (g/m2) 107.6� 0.3 111.3�0.3 <0.001

LVMWS
(K dyne/cm2)

278.8� 1.6 283.0�1.5 0.007

Hemodynamic data (12-month)

HR (beats/min) 74.0� 0.2 75.7� 0.2 0.889

SBP (mm Hg) 123.5� 1.0 127.4�1.0 0.002

DBP (mm Hg) 73.5� 0.6 74.4� 0.6 0.276

ED (min) 7.38� 0.02 7.08� 0.02 <0.001

Abbreviations: DBP, diastolic blood pressure; ED, exercise duration; EF,
ejection fraction; HR, heart rate; LVEDVI, left ventricular end-diastolic
volume index; LVESVI, left ventricular end-systolic volume index; LVMI,
LVmass index; LVWMS, LVmeanwall stress; SBP, systolic blood pressure;
SD, standard deviation.
aEchocardiographic and hemodynamic data are presented as mean�
SD. Abbreviation definitions can be found in ►Tables 1 and 2.
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diseases.12,13 Treatment with L-arginine has improved endo-
thelial function in patients with hypercholesterolemia and
CHF.41,42 However, the efficacy of L-arginine has not been
tested in patients with CAR and ISH. Also, little is known
about ARB (losartan) efficacy regarding the issues of CAR and
ISH. Since the RAAS is usually stimulated in CAR,43 it appears
that angiotensin II inhibitor (losartan) therapy may be bene-
ficial for those with enhanced RAAS activity.7 In this study,
statistically significant beneficial changes in echocardio-
graphic parameters of LV volume, LVMI, and EF, and clinical
parameters of SBP and ED were evident in the Lþ A group
versus the L group (p<0.01 in all comparisons) (►Table 5). In
other words, our results showed a beneficial effect in both
echocardiographic and clinical data in the LþA treatment
group compared with the L-treated group. These changes
may be due to the improved vascular endothelial function
achievedwith L-arginine and by losartan’s unloading effect to
decrease LVmass and limit volume increase.Wehypothesize
that the co-administrative strategy (ARBþ L-arginine) can
provide a beneficial approach for afterload reduction in the
natural history of CAR and ISH. However, due to the limita-
tion that our study population was relatively small, future
studies with larger volumes of patients are needed to make
definitive conclusions.

In this study, ►Tables 3 and 4 show differences in echo-
cardiographic and hemodynamic data in three stages for the
Lþ A group and the L-only group; however, they were not
adjusted for other potential confounders. However,►Table 5

shows the differences in data of echocardiographic and
hemodynamic variables between the L group and the LþA
group after 6-month and 12-month treatment, using multi-
variate analysis. After adjusting for baseline, age, and sex
using multivariate analysis, this study demonstrated that
differences existed in the data between the two groups after
12-month treatment, but not after 6-month treatment
(►Table 5).

Previous and Recent Studies on Vasodilator Therapy
LV unloading agents may increase the myocardial efficiency
and limit the stimulus to hypertrophy by decreasing LV wall
stress.1,3 In 1990, Scognamiglio et al4 presented the results of
a 12-month, randomized, double-blind, placebo-controlled
trial of nifedipine in 72 asymptomatic patients with severe
CAR. They demonstrated a significant reduction in LVEDVI
and LVMI and an increase in LVEF. Greenberg et al5 showed
that 24 months of treatment with hydralazine reduced the
LV volume overload in CAR and suggested that such therapy
may have a beneficial effect in the natural history of CAR.
These two trials suggest the potential value of long-term
treatment with an arteriolar dilator (nifedipine and hydral-
azine) in asymptomatic patients with CAR. Reske et al43 first
demonstrated that an ACEI-captopril mediated a decrease in
regurgitant volume and suppressed the RAAS in patients
with CAR. Subsequently, our own study demonstrated that
patients with asymptomatic aortic regurgitation who were
treated with enalapril for 12 months had a significant
reduction in LVEDVI, LVESVI, and LVMI compared with those
on hydralazine therapy.3

The RAAS may play an important role in the regulation of
cardiac myocyte growth.44 It is conceivable that the modu-
lation of RAAS by ACEI and ARB has beneficial effects in
cardioprotection, vasodilation, decreased LV afterload, and
natriuresis.3,7,44 Both losartan and L-arginine have pharma-
cologic effects that can influence reduction of LV afterload;
the early co-administrative therapy with L-arginine and
losartan was, therefore, considered a reasonable strategy
in asymptomatic patients with CAR and ISH.

Comparison of Ultrasonic and Hemodynamic Changes
MWS is a factor that strongly influences LV function in
patients with CAR and ISH, and a sustained unloading action
may be important in delaying structural damage of the
myocardium.3,7,45,46 LV dilatation, LV mass, and LVEF are
important predictors of the need for AVR1,4 and, when
severely affected, can limit the reversibility of LV dysfunction
after surgery.1–3 Thus, it seems rational that early treatment
resulting in sustained reductions in LVEDI, LVESVI, andmass,
as well as improvements of LVEF and ED, may limit the
development of irreversible structural myocardial
lesions3,4,6 and delay the need of AVR.3,29,30 This study
demonstrates that treatment with Lþ A achieved a better
decrease in LVESVI, LVEDVI, LVMI, and SBP in addition to
producing a better effect on ED and LVEF compared with
losartan alone (p<0.01 in all comparisons) when using
multivariate linear regression analysis. The results of this
trial in asymptomatic patientswith CAR and ISH showed that
long-term losartanþ L-arginine unloading therapy favorably
affects LV dimensions, hypertrophy, volume, and function in
addition to improved ED compared with losartan-only
therapy. In other words, the co-administrative strategy
achieved better results in terms of echocardiographic and
hemodynamic variables.

Rationale of Impact after Adding L-Arginine to Losartan
An experiment using murine models found that following
surgical induction of AR, the AR mice developed a
greater degree of atherosclerotic plague along the descending
thoracic and abdominal aorta comparedwith the controlmice
(without AR). This experiment demonstrated that AR did have
a positive correlation with atherosclerosis.47 In addition,
emerging data has reported that oxidative stress and vascular
inflammation may contribute to the pathogenesis of hyper-
tension.48 Current evidence suggests that hypertension and
endothelial dysfunction are integrally related.48 This study
enrolled AR and ISH patients, as both AR and hypertension
have an affirmative relationship with atherosclerosis.

A previous study reported that losartan can improve the
endothelial dysfunction of resistance arteries in patients with
essential hypertension.49 Additionally, losartan has been
shown to prevent stroke and improve cerebral artery smooth
muscle and endothelial function.50 L-Arginine supplementa-
tion was also shown to attenuate the endothelial dysfunction
associated with coronary heart disease51 and some forms of
animalhypertension.52,53Anotherstudy foundthatamoderate
increase in dietary L-arginine significantly lowered BP and had
positiveeffectsonrenal functionandcarbohydratemetabolism
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in healthy volunteers.13 From the above evidence, we believe
that treatment with losartan together with L-arginine is likely
beneficial to patients with hypertension-related endothelial
dysfunction. Our study demonstrates that this co-administra-
tion strategy had considerable improvement in SBP, LV
function, LV volume and mass, and ED in contrast to ARB
drug therapy alone (►Table 5). Our results support the
hypothesis that the L-arginine-NO pathway can be reactivated
by long-term oral supplementation of L-arginine and losartan
treatment in patients with CAR and ISH.

Conclusion

This study demonstrated that both losartan and L-arginine
treatments are capable of decreasing LVMWS and improving
LV performance. However, it was only the combination
strategy(LþA) that achieved a better clinical efficacy
demonstrating considerable and sustained LV volume and
mass regression over a 12-month period in patientswith CAR
and ISH. Our study also demonstrates that L-arginine as an
adjunctive therapy can enhance losartan efficacy. It indicates
that the early unloading co-administrative strategy has
greater potential to favorably influence the natural history
of asymptomatic patients with CAR and ISH.
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