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A new prognostic marker in failing heart: Peak mitral regurgitation
velocity to left ventricular outflow tract time velocity integral ratio
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velositesinin sol ventrikul ¢ikis yolu velosite zaman integraline orani
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Abstract

Aim: Systemic vascular resistance (SVR) is useful for risk estimation and therapy guidance in HF. It has been shown that the
ratio of peak mitral regurgitation velocity (MRV) to left ventricular outflow tract velocity-time integral (LVOT VTI) correlated
positively with SVR. We aimed to assess the association of MRV/LVOT VTl ratio with established prognostic markers and

its prognostic role for predicting one year and long term composite end-points in patients with HF and reduced ejection
fraction (HFrEF).

Material and Methods: We prospectively enrolled a total of 72 patients with HFrEF and 10 control subjects. Patients were
followed up patients for median 40.5 months. Primary composite endpoint (CEP) was defined as any of these outcomes
including requiring mechanical circulatory support, cardiac transplantation, and all-cause mortality.

Results: CEP(+) patients had higher MRV/LVOT VTI ratio than others (0.48+0.15 vs. 0.39+0.18 p=0.012). MRV/LVOT VTI
ratio was positively correlated with functional status ($=0.539, p=0<001), serum BNP level (3=0.479, p<0.001),troponin
| (3=0.415, p<0.001), and Uric acid level (3=0.235 p=0.018) and negatively correlated with SEATTLE score derived life
expectancy (B=-0.248, p=0.032). Adjusted with other parameters, every 0.1 increase in MRV/LVOT VTl ratio increased the
one-year CEP risk by 37% and long-term CEP risk by 35%. In Kaplan Meier analysis, patients with MRV/LVOTVTI ratio > 0.39
had more long-term CEP compared to others.

Conclusion: MRV/LVOT VTl ratio seemed to be a useful predictor of poor prognosis associated with other established HF
prognostic markers.
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Oz

Amag: Sistemik vaskuler rezistans (SVR), kalp yetersizliginde risk tahmini ve tedavi klavuzlugunda kullanishdir. Pik mitral
regurgitasyon velositesinin (MRV) sol ventrikll ¢ikis yolu velosite zaman integraline (LVOT VTI) oraninin SVR ile pozitif
yonde korele oldugu gosterilmistir. Bu calismada diisiik ejeksiyon fraksiyonlu kalp yetersizligi (DEF-KY) hastalarinda MRV/
LVOT VTl oraninin bilinen prognostik belirteclerle iligkisi ve 1 yillik ve uzun dénem birlesik son noktayi 6ngordirmedeki
prognostik roliini degerlendirmeyi amacladik.

Gerec ve Yontemler: Prospektif olarak 72 DEF-KY hastasi ve 10 saglikh kontroli ¢alismaya dahil ettik. Hastalar medyan
40.5 ay takip edildi. Birincil birilesik son nokta (BSN) mekanik dolasim destegi, kalp transplantasyonu ve tim nedenlere
bagli 61im olarak tanimlandi.

Bulgular: BSN(+) hastalarinda daha yiiksek MRV/LVOT VTl orani saptandi (0.48+0.15 vs. 0.39+0.18 p=0.012). MRV/LVOT VTI
orani fonksiyonel sinif (3=0.539, p=0<001), troponin | (3=0.415, p<0.001), serum BNP seviyesi (3=0.479, p<0.001), ve lrik
asit dlizeyi (3=0.235 p=0.018) ile pozitif yonde korele ve SEATTLE skor ile elde edilen yasam beklentisi (3=-0.248, p=0.032)
ile negatif korele izlendi. Diger parametrelerle birlikte MRV / LVOT VTl oranindaki her 0,1 artig bir yillik BSN riskini % 27 ve
uzun donem BSN riskini % 24,6 artirdi. Kaplan Meier analizinde MRV / LVOTVTI orani > 0.39 olan hastalarda digerlerine
gore uzun donemde daha fazla BSN gorulda.

Sonug: MRV / LVOT VTI orani diger bilinen DEF-KY prognostik gostergeleri ile iliskili olarak, kétli prognozun faydali bir
belirteci olarak gériinmektedir.

Anahtar kelimeler: sistemik vaskular rezistans; kalp yetersizligi; pik mitral regurgitasyon velositesinin sol ventrikil cikis

yolu velosite zaman integraline orani

Introduction hemodynamic monitoring [2]. In the literature, there is limited

In patients with both acute and chronic decompensated data about the prognostic value of MRV/LVOT VTl ratio in HF.

heart failure (HF), invasive hemodynamic indices like cardiac  Herein, we aimed to assess the association of MRV/LVOT VTI

index and pulmonary capillary wedge pressure have been
widely used [1]. In addition to these indices, systemic vascular
resistance (SVR) is useful for risk estimation and therapy
guidance in advanced HF [2]. Particularly for the patients
with cardiogenic shock, SVR assessment may provide better
recognition of ineffective tissue perfusion.

SVR is estimated by the ratio of the transsystemic pressure
gradient to the transsystemic flow [3]. However, the only
accepted method for SVR estimation is invasive hemodynamic
monitoring and using invasive techniques such as routine
right heart catheterization for this purpose may lead to
potential procedural risks. Fortunately, two-dimensional (2D)
echocardiography and Doppler provide the noninvasive
assessment of left ventricular function and intracardiac
hemodynamics [4-7].Therefore, as a noninvasive technique,
Doppler echocardiography may be useful for the estimation of
pressure and flow, as well as an indirect estimation of SVR. It has
been shown that the ratio of peak mitral regurgitation velocity
(MRV) to left ventricular outflow tract velocity-time integral
(LVOT VTI) correlated positively with SVR obtained by invasive
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ratio with established prognostic markers and its prognostic
role for predicting one year and long term composite end-
points in patients with HF and reduced ejection fraction (HFrEF)

Material And Methods
Study Participants and Comorbidities

We prospectively enrolled a total of 72 patients with HFrEF

and age- and gender-matched 10 apparently-healthy
control subjects between November 2013 and April 2014.
Patients were followed up for median 40.5 months (min.
medications,

0-max 75 months. Patients’ comorbidities,

physical examination, and laboratory findings were
recorded. Patients were categorized according to their
New York Heart Association (NYHA) functional classes and
cardiomyopathy etiology (ischemic vs nonischemic). Patients
with poor echocardiographic windows, primary valvular
disease, known malignancy, active inflammatory conditions,
cerebrovascular diseases were excluded. We excluded severe
mitral regurgitation (grade 4 MR) and also very mild mitral
regurgitation which not permit to evaluate MRV. Patients with

left Ventricular Ejection Fraction <40 was regarded as HFrEF by



contemporary guidelines. Patients’risk factors were also noted:
smoking (smoking history within the last month defined
current smoker, otherwise ex-smoker), diabetes mellitus
(fasting blood glucose >125 mg/dL, HbA1c >6.5%, and current
usage of antidiabetic medication) and hypertension (defined
as systolic blood pressure 140 mmHg and/or diastolic blood
pressure 90 mmHg or current antihypertensive medication).
Patients' medications at admission and discharge as well as
during one-year follow-up were also noted.

Admission kidney and liver function tests were measured from
routine blood work and cardiac troponin |, Brain Natriuretic
Peptide (BNP),and serum uric acid levels were obtained. Patients’
baseline vital signs (systolic and diastolic blood pressure, heart
rate) were also recorded. SEATTLE derived life expectancy was
calculated using The Seattle Heart Failure Model [8] .

Informed consent was obtained from all the patients
participating in the study, and all the researchers signed the
Declaration of Helsinki. Approval for the study was granted by
the local ethics committee.

Echocardiographic Examination and MRV/ LVOT VTI Ratio

Patients’ echocardiographic examinations were done by
using a 3.5-MHz transducer (Vivid 7, GE-Vingmed Ultrasound
AS, Horten, Norway).Echocardiographic examinations were
done to ambulatory patients without HF exacerbations
who maintained at least 30 minutes supine position. All
echocardiographic examinations performed according
to the recommendations of the American Society of
Echocardiography [9]. Left ventricular ejection fraction (LVEF)
was assessed by modified Simpson Method. Left ventricular
dimensions were evaluated by M mode recordings. Mitral
and tricuspid regurgitation was graded by color flow area
assessment. MRV was measured in apical four-chamber view
by continuous Doppler. LVOT VTl was measured in apical three-
chamber view, 3-5 mm length sample volume was positioned

in left ventricular side just proximal before flow acceleration.
Assessment of Clinical Outcomes

Primary composite endpoint (CEP) was defined as patients
confronting any of these outcomes including requiring
mechanical circulatory support, cardiac transplantation and
suffering all-cause mortality.

Follow-up dataofallthe patients were obtained from the hospital
database and records of the Ministry of Health. Patients, whose
follow- data could not be received through these systems, were
reached by telephone interview with patients or their relatives
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Statistical Analysis

The continuous variables were reported as the meanzxstandard
deviation (SD) and the categorical variables were expressed
as the number of patients and percentages. Kolmogorov-
Smirnov tests were used to assess the normality of the
data distribution. The correlation analysis was made with
Pearson and Spearman's correlation coefficient. We analyzed
the effects of different variables on the occurrence of CEP
in univariate Cox regression analysis and determined the
variables with an unadjusted p-value <0.1 as potential risk
markers. In addition to MRV/LVOT VTI parameter, we included
the contributors of this formula to the univariate analysis and
evaluated the individual predictive value of each parameter.
Multicollinearity analysis was performed before multivariate
analysis. We composed the final model by using backward
elimination at multivariate Cox regression analysis. Receiver
operating curve (ROC) analysis was performed to investigate
the efficacy of MRV/LVOT VTl ratio in predicting one-year and
long-term mortality and the cut-off values were determined.
Based on the cut-off values, patients were divided into two
groups for MRV/LVOT VTI ratio parameter. Kaplan-Meier
curve analysis was used for survival analysis in between these
groups. Statistical significance was defined as P < 0.05. Data
were analyzed by using SPSS 20.0 software.

Reproducibility Analysis

To evaluate the intraobserver variability of MRV/LVOT VTI
ratio measurements, 20 patients were randomly selected
and second set of echocardiographic examinations of these
patients were performed on consecutive days. To evaluate
two echocardiographers (MSC
and EHOC) examined the same patients on the same day

interobserver variability,

separately. The intraobserver agreement on MRV/LVOT VTI
ratio measurement was very good: the intraclass coefficient
of correlation was 0.96. The interobserver agreement was also
very good: the intraclass coefficient correlation was 0.94.

Results

MRV/LVOT VTI ratio was almost two times higher in HF
group (0.47+0.16 vs. 0.26+0.04, p<0.001 respectively). While
comparing patients with CEP (-), CEP(+) patients had higher
MRV/LVOT VTI ratio than others (0.48+0.15 vs. 0.39+0.18
p=0.012). The comparison of baseline characteristics,
laboratory and echocardiographic parameters between CEP
(+) and CEP (-) groups were summarized in Table 1 and Table
2. There was an incremental trend for MRV/LVOT VTI ratio
through advanced HF classes, and it reached the highest in
NYHA class 3-4 group (p<0.001).
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MRV/LVOT VTI ratio was positively correlated with functional
status ($=0.539, p=0<001), serum BNP level (f=0.479,
p<0.001), troponin | (=0.415, p<0.001), and Uric acid level
(=0.235 p=0.018) and negatively correlated with SEATTLE
score derived life expectancy (f=-0.248, p=0.032) (Figure 1)

FigLc Fig.1.d

B0235p=0018 P=0.248, p-0.032
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Figure 1. Correlations between MRV/LVOT VTl with Brain Natriuretic
Peptid (Fig 1.a), troponin | (Fig 1.b), uricacid (Fig 1.c), SEATTLE score derived
life expectancy (Fig 1.d). Each dot represents one patient; the straight line
represents the best fit line obtained by linear regression analysis.

Abbreviations: MRV/LVOT VTI: peak mitral regurgitation velocity to
left ventricular outflow tract velocity-time integral

In multivariate Cox regression analysis, adjusted with diastolic
blood pressure, hemoglobin, every 0.1 increase in MRV/LVOT
VTl ratio increased the one-year CEP risk by 37% (HR=1.371,95%
Cl: 1.113-1.690 p=0.003) (Table 3). Additionally, adjusted with
diastolic blood pressure, hemoglobin,creatinine level, every 0.1
increase in MRV/LVOT VTl ratio increased the long-term CEP risk
by 35 % (HR=1.350, 95% Cl: 1.139-1.601 p=0.001) (Table 4).

In ROC analysis, a cut of value 0.45 for MRV/LVOT VTl ratio 65.2%
sensitivity and 65.5% specificity for prediction of one- year
mortality (AUC=0.645 95%¢Cl:0.515-0.776, p=0.042). In Kaplan
Meier analysis, patients with MRV/LVOT VTl ratio >0.45 .had more
one-year CEP compared to others (Chi-square:6.391, p=0.011)
(Figure 2a and Figure 2b). Additionally, patients in >0.45 MRV/
LVOT VTl ratio group had 3.3 times higher risk of CEP during one-
year follow-up (HR: 3.268, Cl 95%: 1.382-7.727, p=0.007)

For the prediction of long term mortality, a cut of value 0.39
for MRV/LVOT VTI ratio demonstrated 68% sensitivity and
67.7% specificity (AUC=0.706 95% Cl:0.580-0.833, p=0.002).
In Kaplan Meier analysis, patients with MRV/LVOT VTI ratio
>0.39 had more long-term CEP compared to other patients
(Chi-square:9.048, p=0.003) (Figure 2c and Figure 2d). Besides,
adjusted with other parameters, being in the high MRV/LVOT
VTI group increased the long-term CEP risk approximately 3

times (HR:2.750, 95%Cl: 1.464-5.166, p=0.002).
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Figure 2.ROC curve analysis showing the predictive value of MRV/LVOT
VTl to predict one-year composite endpoint (Fig 2.a), Kaplan-Meier
survival curve demonstrating one-year composite endpoint among
groups specified based on MRV/LVOT VTI ratio cut-off value 0.45 (Fig
2.b).ROC curve analysis showing the predictive value of MRV/LVOT VTI
to predict long term composite end point (Fig 2.c), Kaplan-Meier survival
curve demonstrating long-term composite endpoint among groups
specified based on MRV/LVOT VTI ratio cut-off value 0.39 (Fig 2.d).

Abbreviations: AUC: area under the curve; MRV/LVOT VTI: peak mitral
regurgitation velocity to left ventricular outflow tract velocity-time

integral; ROC: receiver operating curve.
Discussion

The present study demonstrated that MRV/LVOTVTI ratio
independently and significantly predicted the one year and
long term CEP in HFrEF patients. Additionally, MRV/LVOT VTI
ratio showed positive correlations with functional capacity,
troponin | and serum BNP, uric acid and negative correlation
with SEATTLE score derived life expectancy. Therefore, MRV/
LVOT VTl ratio seemed to be useful predictor of poor prognosis
associated with other established HF prognostic markers.

Patients with symptomatic heart failure have lower long-
term survival rates of approximately less than five years [10].
Although prognostic evaluation is challenging, it is essential in
the management of HF patients for deciding more advanced
and individualized therapies. HF affects multiple organs and
systems, and neurohormonal activation takes a mainstay
role in the HF progression [11,12]. Previously, the activation
of the sympathetic nervous and renin-angiotensin system
was reported in HF [13,14]. Therefore, an increase in SVR may
be expected due to the increased levels of vasoconstrictive
neurohumoral factors in the course of the disease and also
may suggest progression of the HF. In advanced HF and
cardiogenic shock, alterations in vascular tone determine
the SVR and cardiac output [1] In this context, assessment
of SVR may be helpful in therapy guidance by adjusting the

vascular volume, inotropes, and vasodilators. However, the

105

determination method of SVR limits its use due to the potential
complications related to the invasive monitoring process. In
the prompting study about the non-invasive determination of
SVR, Abbas et al. showed that SVR positively correlated with
an echocardiographic index that was simply calculated by
dividing the MRV to the LVOT VTI, and this formula allowed
indirect and noninvasive assessment of SVR [2].

In the setting of HF hospitalizations, SVR is valuable in the
diagnosis of pulmonary edema [1]. While SVR was found
elevated in exacerbated systolic HF, it was found extremely
high in the patient group with pulmonary edema [1].
Accordingly, indirect measurement of SVR may be useful
in HF diagnosis, because, HF generates a gradual decline in
cardiac contractility and to overcome this, neurohormonal
vascular tone increases causing an elevated SVR. In our study,
we found that MRV/LVOT VTI ratio significantly elevated in
patients with HF compared with the healthy subjects that
may point to the underlying pathophysiology of HF. In the
patient group, we observed that MRV/LVOT VTl ratio positively
correlated with NYHA functional classes. Moreover, it showed
positive correlations with troponin and BNP which are already
described as prognostic markers in HF [15,16]. Interestingly,
this echocardiographic index negatively correlated with
SEATTLE score derived life expectancy, which was previously
developed by reviewing the clinical trials and published data
to predict HF prognosis[8]. Especially in the advanced HF
population, this scoring system revealed better discrimination
of high-risk patients [17]. In the present study, Cox regression
analysis showed that MRV/LVOT VTl ratio was an independent
predictor of CEP for one-year and long term follow-up. The
significant relation between SEATTLE score derived life
expectancy and MRV/LVOT VTI ratio may indicate that non-
invasive assessment of cardiac hemodynamics with Doppler
echocardiography may provide a further determination of
patients with poor prognosis.

Besides, we had additional points that deserve to be mentioned.
The components of MRV/LVOT VTl may have certain individual
affects on outcomes. In univariate analysis, decrease in
individual contributors ( MRV and LVOT VTI) were found to be
associated with poor prognosis. However, we evaluated MRV/
LVOT VTI along with its individual contributors and found that
this compound parameter was an independent predictor of
worse clinical outcomes better than its contributors. Intuitively,
higher MRV/LVOT VTl may result from low LVOT VTl values in the
setting of a combination of decreased systolic blood pressure



and elevated left atrial pressure, which are already proven
mortality markers of HfrEF. MRV/LVOT VTl seems to predict
outcomes more accurately than its contributors.

Our study is preliminary investigating the prognostic value
of MRV/LVOT VTI in HFrEF. We determined the cut-off values
of MRV/LVOT VTI in predicting the occurrence of CEP and
organized study population based on these cut-offs. We found
that being in higher MRV/LVOT VTI group was associated with
increased CEP risk by nearly three times. These findings should
be assessed in large scale studies.

Study Limitations

Although the present study provided valuable information
about the non-invasive and indirect measurement of SVR
in patients with HF, the number of recruited patients was
relatively small. Also, invasive analysis of SVR was not applied
because it is an invasive method and the implementation
is effortful, and for our study patients as they were not
admitted with acute decompensated HF, the indication of this
assessment is debatable.

Conclusion

In patients with HFrEF, MRV/LVOT VTI ratio as an indirect
measure of SVR emerged as an independent prognosticator
of one-year and long term CEP, associated with established
HF prognostic markers. This simple, easily measurable non-
invasive parameter may be feasible in determining the high-
risk subjects and tailoring more individualized therapies.
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