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The Relationship Between Myocardial Performance Index and Renal
Resistive Index in Resistant Hypertension
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Background: Renal resistive index (RRI), an index measured in renal arteries, is related to cardiac structural changes. Myocardial
performance index (MPI), a valuable method to show subclinical myocardial dysfunction, contributes to risk assessment due to
detecting the early stages of diastolic and systolic dysfunctions. We aimed to examine the relationship between RRI and MPI in
resistant hypertension (RHT).

Materials and Methods: One hundred and twenty-six patients who were admitted to our outpatient clinic were enrolled in this
single-center, cross-sectional prospective study.All patients underwent echocardiography and renal Doppler ultrasound. Two groups
were created according to the presence of subclinical left ventricle (LV) dysfunction: patients with lower MPI group (MPI<0.5, n=50)
and patients with higher MPI group (MPI20.5,n=76).

Results: Higher MPI group was associated with higher LV end-diastolic diameter, LV mass index, left atrium diameter, LV end-systolic
diameter, posterior wall diameter, E velocity, interventricular septum diameter,and RRI. In multivariable logistic regression analysis,
age [odds ratio (OR): 1.070,95% confidence interval (Cl): 1.016-1.126,p=0.010], left atrium diameter (OR: 1.111,95% Cl: 1.027-1.202,
p=0.008) and RRI (OR: 6.404,95% Cl: 2.767-19.899, p<0.025) were associated with subclinical LV dysfunction. RRI showed a good
positive correlation with MPI (r=0.527, p<0.001).

Conclusion: Our study suggests that increased RRI is associated with subclinical LV dysfunction assessed by increased MPI in
patients with RHT.

Keywords: Resistant hypertension, myocardial performance index, renal resistive index

Amac: Doppler ultrason ile dederlendirilen renal rezistif indeks (RRI), hipertansif hastalarda yapisal kardiyak degisiklikler ile
iliskilidir. Doku Doppler ekokardiyografi ile elde edilen miyokardiyal performans indeksi (MPI) sistolik ve diyastolik fonksiyonlar
ayni anda gosterir. Calismanin amaci direngli hipertansiyonu (RHT) olan hastalarda RRI ve MPI arasindaki iliskiyi arastirmaktir.

Gerec ve Yontemler: Bu prospektif ¢alisma, direncli hipertansiyonu olan 126 poliklinik hastasini (%59,5 kadin, ortalama yas 58%9 yil)
kapsamaktadir. Tim hastalara ekokardiyografi ve renal Doppler ultrason yapildi. Hastalar subklinik sol ventrikil (SV) disfonksiyonunun
varligina gore iki gruba ayrildi: Dusuk MPI grubu (MPI<0,5, n=50) ve yliksek MPI grubu (MPIZ0,5, n=76).

Bulgular: Yiiksek MPI grubu, daha yiiksek SV diyastolik ¢api, SV sistolik ¢api, interventrikiler septum capi, arka duvar ¢api, SV kitle
indeksi, sol atriyum capi, E hizi ve RRI ile iliskili olarak bulundu. Cok degiskenli lojistik regresyon analizinde, yas [olasilik orani (OR):
1.070, %95 guven araligi (Cl): 1.016-1.126, p=0,010], sol atrium ¢api (OR: 1.111, %95 Cl: 1.027-1.202, p=0,008) ve RRI (OR: 6.404,
%95 Cl: 2.767-19.899,p<0,025) subklinik SV disfonksiyonu ile iliskili olarak bulundu. Korelasyon analizinde, RRI,MPl ile iyi bir pozitif
korelasyon gosterdi (r=0,527, p<0,001).

Sonug: Calismamiz, artmis RRI'nin RHT'li hastalarda artmis MPI ile degerlendirilen subklinik LV disfonksiyonu ile iliskili oldugunu
dusundurmektedir.
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Introduction

Resistant hypertension (RHT) is the inability to keep blood
pressure under control despite using three or more drugs
(one of which is a diuretic) at the maximum tolerable dose
(1). Observational studies show that the prevalence of RHT is
around 10-20% in the hypertensive population (2,3). In RHT,
constant high blood pressure values increase cardiovascular
risk considerably. In extensive cross-sectional studies, RHT
was strongly associated with more cardiovascular events
than the other hypertensive patients (4,5). Although many
factors cause RHT, renal diseases are among the most
common reasons.

Renal resistive index (RRI) is an index measured in
renal arteries and particularly useful in demonstrating the
microvascular and macrovascular interaction between the
arterial system and the kidney. High resistive values (>0.7)
are associated with more adverse cardiovascular events
and renal failure progression (6). It reflects central arterial
hemodynamics and left ventricle systolic and diastolic
function (7,8). Increased arterial stiffness in RHT leads
to increased renal arterial circulation pressure and renal
vascular resistance (9). Pulse wave velocity (PWV) was
positively correlated with RRI,and PWV was an independent
predictor of RRI in a cross-sectional study in hypertensive
patients (10). Moreover, arterial stiffness was detected as
a cause of subclinical myocardial dysfunction in another
study (11). Myocardial performance index (MPI), a valuable
method to show subclinical myocardial dysfunction, makes
a significant contribution to risk assessment due to detecting
the early stages of diastolic and systolic dysfunctions (12).

The relationship between the MPl and RRI is still unknown
in RHT patients. We aimed to examine the relationship
between RRI and MPI in RHT.

Material and Methods

One hundred and twenty-six patients who were admitted
to our outpatient clinic were enrolled in this single-center,
cross-sectional prospective study. We collected patients’
medical history, prescribed drugs, and active smoking status
in the initial examination. Echocardiography and renal
Doppler ultrasound were performed within one week of the
initial examination.

We excluded patients with chronic kidney disease (eGFR
<30 mL/min/1.73 m?3), renal artery stenosis, nephrectomy,
coronary disease, severe valvular disease, atrial fibrillation,
pulmonary hypertension, heart failure (left ventricular EF
<55%), acute or chronic infectious or inflammatory disease,
malignancy, pregnancy, and chronic liver disease. We conducted
the study in accordance with the Helsinki Declaration. We

took a Mehmet Akif Ersoy Cardiovascular Surgery Training and
Research Hospital local ethics committee approval for the
study and written informed consent from all the participants.

Patients whose blood pressure remained above 140/90
despite using at least three antihypertensive drugs, one of
which was a diuretic, or who used >4 antihypertensive drug
classes in the last month, regardless of blood pressure, were
accepted as RHT.

Echocardiography

All participants underwent echocardiography by a single
experienced operator who did not know the patients’ clinical
status. According to the current guidelines, the examination
was performed using a Philips Epiq 7C echocardiography
device (13). We recorded tissue Doppler images at a speed
of 100 mm/s from the lateral mitral annulus. Isovolumetric
contraction time (IVCT) was measured from the time from
the end of the A wave to the beginning of the S’ wave.
Isovolumetric relaxation time (IVRT) was measured from the
time from the end of the S’ wave and the beginning of the E’
wave. Ejection time (ET) was found by subtracting IVCT and
IVRT from total non-filling time (Figure 1). The MPI value was
calculated with the formula below.

Myocardial performance index = (isovolumetric
contraction time + isovolumetric relaxation time)/ejection
time (14).

We considered MPI20.5 as abnormal and defined it as
subclinical LV dysfunction (15,16,17).

Renal Ultrasound and Doppler Examination

All participants underwent ultrasonographic examination
using Doppler sonography by a single experienced operator

TIS1.1 MI0.5
IVRT: 66 ms
IVCT: 61 ms
ET:259 ms
MPI = (IVRT+VCT)/ET
MPI= (66+61)/259
=0.49
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Figure 1: Computation of myocardial performance index

MPI: Myocardial performance index, IVRT: Isovolumetric relaxation time,
IVCT: Isovolumetric contraction time, ET: Ejection time
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who did not know the patients’ clinical data. Firstly, we
assessed both kidneys for any structural pathology. After that,
Doppler parameters, including peak systolic velocity (Vmax)
and minimum diastolic velocity (Vmin) from interlobar
arteries of both kidneys, were obtained. We calculated RRI by
the following formula: Renal resistive index = (Vmax-Vmin)/
Vmax. RRIs were calculated by taking the average of both
kidneys.

Statistical Analyses

We did statistical analyses with SPSS (version 21.0
IBM, USA). We considered p<0.05 as statistically significant.
We detected the distribution of the variables with the
Kolmogorov-Smirnov test. We presented quantitative
variables with normal distribution as mean * standard
deviation and non-normal distribution as median (25"
to 75" percentile). We expressed categorical variables as
numbers (%). The Student’s t-test for normally distributed
variables and the Mann-Whitney U test for non-normally
distributed variables were used to compare quantitative
variables. The Pearson chi-square and Fisher Exact tests were
performed for categorical variables. We performed logistic
regression analysis to detect the independent predictors of
subclinical myocardial dysfunction. Variables with p<0.10
in univariable analysis were included for the multivariable
logistic regression analysis with backward selection model.
Correlation between MPI and RRI was assessed using the
Pearson correlation analysis.

Results

We included one hundred and twenty-six outpatients
with RHT. Patients were divided into two groups according to
subclinical LV dysfunction: Patients with MPI<0.5 (lower MPI
group, n=50) and patients with MPI=0.5 (higher MPI group,
n=76). The higher MPI group was significantly older than the
lower MPI group (60.6+8.8 vs.54.9£8.2,p<0.001). Both groups
were balanced in gender, diabetes mellitus, hyperlipidemia,
smoking, body mass index, and biochemical parameters. The
higher MPI group was associated with higher left ventricle
end-systolic diameter (LVESd), interventricular septum
diameter (IVSd), posterior wall diameter, left ventricle end-
diastolic diameter (LVEDd), left ventricle mass index (LVMI),E
velocity, left atrium diameter (LAd) and RRI [0.711%0.042 vs.
0.652%#0.050, p=0.008, (Figure 2)]. Also, the higher MPI group
had a lower left ventricle ejection fraction. Baseline clinical,
laboratory,and echocardiographic parameters of the patients
were shown in Table 1. In multivariable logistic regression
analysis, age [odds ratio (OR): 1.070,95% confidence interval
(Cl): 1.016-1.126, p=0.010], LAd (OR: 1.111, 95% Cl: 1.027-
1.202, p=0.008) and RRI (OR: 6.404, 95% ClI: 2.767-19.899,
p<0.025) were independent predictors of subclinical left

ventricle dysfunction (Table 2). In correlation analysis,
RRI showed a good positive correlation with MPI (r=0.527,
p<0.001) (Figure 3).

Discussion

Our study’s main findings are as follows: 1) We found a
significant correlation between RRI and MPI in patients
with RHT, 2) We observed that patients with high MPI value,
which is considered as LV subclinical dysfunction, were older
and echocardiographic parameters associated with systolic
function and diastolic dysfunction such as LV mass index, E
value,and E/A were more impaired in this group, 3) According
to regression analysis, we found that RRI was associated with
subclinical LV dysfunction in this group of patients.

HT is a significant disease with a close relationship
with cardiovascular, neurological, and renal poor outcomes.
Although most hypertension cases can be treated with
medications, approximately 10-20% of these patients are
resistant to treatment (1). In a small study with 86 patients,
it was found that RHT patients had a 2-fold increase in
cardiovascular risk than controlled HT patients (18).In another
study, Sahinarslan et al. (4) showed that cardiovascular
and renal damage was higher in RHT in a study including
205,750 patients. These findings are significant as the
number of patients with RHT is expected to increase because
of the increasing risk factors such as diabetes and obesity.
End-organ damage develops faster in RHT patients and
increases morbidity and mortality. In the first two years of
follow-up,there were significant excess risks of these adverse
outcomes, particularly MACE, cardiovascular mortality,
and stroke incidence in a randomized controlled study by
Cardoso and Salles (19). In a study by Gaudieri et al. (20), the
coronary vascular function was shown to be more impaired in
patients with RHT, as demonstrated by myocardial perfusion
reserve. Another end-organ injury that increases the risk of
mortality with cardiac end-organ damage is renal function.
There is a two-way relationship between renal functions and
treatment resistance in patients with RHT. While the most
common cause of RHT is kidney diseases, RHT also increases
worse renal outcomes (21). Viazzi et al. (22) showed that the
presence of RHT was related to impairment in renal function
in hypertensive and diabetic patients with normal renal
function. Considering all, both cardiac and renal involvement
frequently occur in patients with RHT and simple methods
showing these two end-organ damages may be important in
risk classification.

MPI is an important parameter that can show systolic and
diastolic functions simultaneously (23). In addition to being
an early and robust predictor of left ventricular injury in the
adult population, it has been associated with poor outcomes
in many diseases (24,25,26). It is an essential parameter for
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Table 1. Baseline features of patients

Lower MPI Higher MPI Total

(n=50) (n=76) (n=126) P
Age (years) 54.9+8.2 60.6+8.8 58.4%£9.0 <0.001
Female gender, n (%) 33 (66) 42 (55) 75 (59.5) 0.230
Body mass index (kg/m?) 30.8%4.3 31.3%4.9 31.1%4.6 0.610
Diabetes mellitus, n (%) 13 (26) 18 (23.7) 33 (23.4) 0.564
Hyperlipidemia, n (%) 22 (44) 40 (52.6) 62 (49.2) 0.343
Smoking, n (%) 12 (24) 14 (18.4) 26 (20.6) 0.449
Biochemical parameters
-Hemoglobin (g/dL) 13.2#1.5 13.6%1.6 13.5%1.6 0.145
-Total cholesterol (mg/dL) 20440 20243 205%42 0.789
-HDL-c (mg/dL) 51%16 4912 50+14 0.329
-LDL-c (mg/dL) 123+38 120£37 123+38 0.733
-Triglyceride (mg/dL) 14966 157+73 154+69 0.544
-Creatinine (mg/dL) 0.75 (0.66-0.8) 0.80 (0.6-0.9) 0.8 (0.6-0.9) 0.524
-Glucose (mg/dL) 97 (88-109) 95 (88-104) 97 (88-109) 0.966
Echocardiographic parameters
-LV ejection fraction (%) 61 (60-63) 60 (60-62) 60 (60-62) 0.012
-LVEDd (mm) 45.32%£3.90 47.23%4.70 46.3%4.42 0.019
-LVESd (mm) 28.98+3.74 30.47+4.03 29.78%3.93 0.039
-IVSd (mm) 11 (10-12) 12 (11-13) 12 (11-12) <0.001
-PWd (mm) 10 (9-11) 10 (10-11) 10 (9-11) 0.004
-LVMI (g/m?) 94.21%£23.49 105.47£25.70 100.5+25.9 0.014
-LAd (mm) 31.3%5.1 35.3%5.6 33.4%5.7 <0.001
-E velocity (cm/sn) 60.6%14.0 68.9+14.6 65.6+14.9 0.002
-A velocity (cm/sn) 77.2%13.2 80.6%18.6 79.3%¥16.7 0.258
-E/A ratio 0.81%0.23 0.88+0.27 0.85%0.26 0.106
-E’ velocity (cm/s) 7.9 (6.2-9) 7.1 (6.2-10) 79 (6.2-9) 0.100
-A velocity (cm/s) 11 (9-14) 10 (8.7-12.4) 8 (6-10.4) 0.250
-S’ (cm/s) 9 (7.6-10) 8 (7-10) 8.1 (7-10) 0.117
-E to E’ratio 8.58%2.77 8.73%2.64 8.6%2.6 0.774
RRI 0.652+0.050 0.711%0.042 0.677%0.039 0.008
IVSd: Interventricular septum diameter, LAd: Left atrium diameter, LVEDd: Left ventricle end-diastolic diameter, LVESd: Left ventricle end-systolic diameter, LVMI:
Left ventricular mass index, PWd: Posterior wall diameter, RRI: Renal resistive index, MPI: Myocardial performance index, HDL: High-density lipoprotein, LDL: Low-
density lipoprotein

detecting left ventricular diastolic dysfunction by early stages
and its association with hemodynamic changes is caused by
the heart’s impaired relaxation. MPI increases not only in
diastolic dysfunction but also in systolic insufficiency caused
by decreased pumping power (27). In our study, in parallel
with these data, impaired diastolic dysfunction and systolic
dysfunction were correlated with high MPI values. Ejection
fraction,the most basic systolic function parameter,was lower
in patients with high MPI values. In RHT patients, myocardial
involvement and diastolic and systolic dysfunction are
comorbid consequences that create significant end-organ

damage. We hypothesize a relationship between MPI, which
indicates this myocardial involvement, and renal functions,
which is another crucial end-organ damage of RHT.

RRI, initially measured only in renal diseases, has gained
importance as a risk factor by being evaluated in patients with
cardiovascular diseases (28). Although the pathophysiological
link between RRI and cardiovascular outcomes is not yet
clearly understood, studies have concluded that this index
is associated with renal function, renal atherosclerosis,
tubulointerstitial damage,and an indicator of systemic arterial
atherosclerosis (29). Tedesco et al. (30) showed that high RRI
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levels were associated with systemic hemodynamic changes
and cardiovascular parameters in hypertensive patients. In
another study, high RRI values were related to carotid and
coronary artery damage (29). A study conducted by Quisi et al.
(31) showed a significant association between RRI and MPI
in the general population. In a study, the association of renal
hemodynamics with RHT was examined. They found that
patients with RHT had greater levels of the renal resistive
index. Also, the RRI was an independent predictor of RHT
after adjusting for clinical features (32). It can be concluded
that high RRI values are associated with hypertension-
related end-organ damage in the heart. Similar to these
studies’ results, it has been shown that high RRI values in
RHT patients correlate with MPI, which is associated with
impaired myocardial function in our study.

Renal Resistive index

MPI < 0.5 MPI = 0.5

Study Limitations
Figure 2. Comparison of renal resistive index values according to
the cut-off value of MPI

MPI: Myocardial performance index

First, it was conducted in a single center, and because of
that,the results cannot be generalized to the total population.
Second, the sample size was small; hence, further prospective

Table 2. Univariable and multivariable logistic regression analysis with backward model selection to predict independent predictors of

subclinical left ventricle dysfunction

4

. Multivariable analysis with backward

Variables Univariable model selection

0Odds ratio (95% Cl) p Odds ratio (95% Cl) p
Age 1.081 (1.033-1.131) 0.005 1.070 (1.016-1.126) 0.010
Female gender 1.571 (0.750-2.292) 0.231 = =
Diabetes Mellitus 0.883 (0.387-2.014) 0.768 = =
Hyperlipidemia 1.414 (0.690-2.897) 0.344 = =
Smoking 0.715 (0.299-1.707) 0.450 = =
Body mass index 1.020 (0.945-1.102) 0.607 - -
LV ejection fraction 0.767 (0.623-0.943) 0.012 - -
LVEDd 1.104 (1.015-1.202) 0.021 = =
LVESd 1.103 (1.004-1.211) 0.041 = =
LAd 1.146 (1.064-1.234) <0.001 1.111 (1.027-1.202) 0.008
LVMI 1.020 (1.003-1.036) 0.017 = =
E/A 3.538 (0.743-16.833) 0.112 = =
E’ velocity 1.220 (1.007-1.477) 0.042 = =
A velocity 0.987 (0.955-1.020) 0.439 = =
Glucose 1.011 (0.994-1.029) 0.200 = =
Creatinine 2.587 (0.353-18.947) 0.349 = =
Hemoglobin 1.189 (0.943-1.483) 0.148 = =
Total cholesterol 0.999 (0.990-1.007) 0.787 - -
HDL-c 0.988 (0.964-1.012) 0.326 = S
LDL-c 0.998 (0.989-1.008) 0.730 = =
Triglyceride 1.002 (0.996-1.007) 0.541 = =
RRI 6.769 (1.886-24.293) 0.008 6.404 (2.767-19.899) 0.025
IVSd: Interventricular septum diameter, LAd: Left atrium diameter, LVEDd: Left ventricle end-diastolic diameter, LVESd: Left ventricle end-systolic diameter, LVMI: Left
ventricular mass index, PWd: Posterior wall diameter, RRI: Renal resistive index, HDL: High-density lipoprotein, LDL: Low-density lipoprotein
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Figure 3. Association between the renal resistive index and the
myocardial performance index

studies with larger cohorts may be needed to confirm the
results. Finally, antihypertensive drugs can affect RRI values,
and we did not evaluate the effects of the drugs.

Conclusion

Our study suggests that increased RRI is associated
with subclinical LV dysfunction assessed by increased
MPI in patients with RHT. In RHT, RRI assessment could
play an integral role in evaluating both cardiovascular
and renal damage and guiding treatment. We need future
more extensive prospective studies to elucidate better the
associations found in this study.
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