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ABSTRACT

Objectives: To determine pulmonary vascular resistance (PVR) by echocardiography - Doppler; and evaluate the
correlation between pulmonary vascular resistance and some variables such as left ventricular EF, PASP, TAPSE, and
tissue S-wave of the tricuspid valve in patients with ischemic heart disease.

Method: Observational study on 82 heart failure patients with reduce ejection fraction brought upon by ischemic
heart disease, at the Cardiology Department of the University of Medicine and Pharmacy from 04/2016 - 05/2017.

Results: The average PVR is 3.91 + 1.85 WU. There was not significant difference between age and gender groups
(p > 0.05), but there was a statistically significant difference of PVR in patients with NYHA Ill and IV compared to NYHA
I, Il (0 <0.05). When EF < 30%, the rate of increased PVR is higher than the normal value (35.4 % vs 4.9%). There is a
strong correlation between LVEF and PVR (r = - 0.5645, p < 0.001), especially when PVR <8 WU (r=-0.618, p <0.001).
When the PASP increases, the rate of increased PVR is higher than normal value (54.9% vs. 9.8%, p < 0.001), with an
enough correlation coefficient (r = 0.361, p < 0.001). In patients with RV systolic dysfunction evaluated by TAPSE and
S’wave, there was a significant difference in the rate of increased PVR from the normal value (41.5% vs 1.2%;, 34.1 vs
8.5%, p 0.001). PVR is closely correlated with TAPSE (r = -0.590; p < 0.001) and is inversely correlated with S’ wave
(r=-0.590; p < 0.001).

Conclusions: Increased PVR is the primary mechanism for pulmonary hypertension and right ventricular dysfunction
in patients with HFrEF brought upon by IHD. The evaluation of PVR in patients with left ventricular dysfunction by
echocardiography is important in clinical practice.
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I. INTRODUCTION which translates into elevated pulmonary vascular

To balance the afterload of the heart, the
connection of the right ventricle (RV) and pulmonary
circulation plays an important role. The left
ventricle (LV) partially transmits the forces to the
RV through the interventricular septum. Therefore,
the synchronous contraction and relaxation of LV
and RV were achieved. When the LV failure occurs,
the RV afterload is gradually increased due to post-
capillary pulmonary artery hypertension (PAH)

resistance (PVR) [1].

Ischemic heart disease (IHD) is a consequence of
myocardial oxygen supply and demand imbalances,
caused by coronary atherosclerosis [2]. The long-
term effect is heart failure. Heart failure with reduced
ejection fraction (HFrEF) increases when the left
ventricular ejection fraction (LVEF) is below 40%.
When LV failure progresses, the RV function will be
affected via multiple mechanisms in which increased
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PVR plays a vital role [3 - 6]. Recent studies suggest
that increased PVR, pulmonary hypertension, and
RV systolic dysfunction are independent factors for
poor prognosis in patients with LV failure [6 - 8].

Cardiac catheterization is the gold standard of the
PVR evaluation, but its use is limited by its invasive
nature and certain risks. Using echocardiography
helps to evaluate RV function, PASP and PVR, which
is the most reliable, non-invasive technique [9].

We aim to engage our comprehension of PVR
in patients with HFrEF brought upon by IHD, we
conducted this study to determine PVR by using
echocardiography - Doppler in HFTEF brought upon
by IHD; and evaluate the correlation between PVR
and some variables such as LVEF, PASP, TAPSE,
and tissue S-wave of the tricuspid valve (S’) in
these population.

II. METHODS
2.1. Study population

We enrolled 82 patients with HFrEF (LVEF <40%)
brought upon by IHD at the Cardiology Department
of the University of Medicine and Pharmacy from
04/2016 - 05/2017. IHD also called coronary heart
disease (CHD) diagnosed with the significant stenosis
of denovo coronary arteries or with documented
(prior) MI or coronary artery revascularization (either
with PCI or CABG) [2, 9]. Patients with congenital
heart disease, primary pulmonary hypertension, or
non-IHD diseases lead to pulmonary hypertension
were excluded from the study.

2.2. Methodology

Observational Study was performed. All
patients underwent investigations and evaluate
the cardiovascular risk factors [10]. Doppler
echocardiography (EnVisor CHD; Philips, USA)
was performed after enrollment. All data of
echocardiography were collected [11]:

+ Evaluating the structure and measuring routine
echocardiogram parameters.

+ LVEF measured by Simpson method.

+ RV systolic function is assessed by using tissue
S-wave of the tricuspid valve (S’), and TAPSE index.
TAPSE is defined as the distance traveled between
end-diastole and end-systole at the lateral corner of
the tricuspid annulus. TAPSE has been validated to
correlate strongly with RVEF measured by radionuclide
angiography, with low observer variabilities [9].

+ Pulmonary artery systolic pressure (PASP) was
calculated by tricuspid regurgitation peak velocity
(TRV peak) and right atrial pressure.

+ PVR was calculated by tricuspid regurgitation
velocity (TRV) and the time-velocity integral of the
RV outflow tract (VTIRVOT) according to the Arm
E. Abbas formula. A cutoff value for the Doppler
equation was generated to determine PVR >2 Wood
units (WU) [12].

Table 1: Important parameters of
echocardiography

HFrEF: LVEF <40%

Normal TAPSE value: > 16mm

Normal S’ value: > 9 cm/s

PASP =4 (TRV)2 + RA pressure

PVR = (Vmax of TR / VTIRVOT) x 10 + 0.16

2.3. Statistical analysis

SPSS 20.0 was used for data analysis. Variables
described by rate, mean value + standard deviation.
Regression analysis was used to determine the
correlation between PVR and LVEF, PASP, TAPSE,
and S’ wave. The significance level is 0.05, and the
corresponding confidence level is 95%.
III. RESULT
3.1. Baseline characteristics

Most patients had at least one cardiovascular
disease risk factors: HBP, smoking and diabetes
mellitus (DM). The mean age was 74.1 + 10.9, with
46 males. There was 43.9% of patients hospitalized
with NYHA class III and I'V.

Table 2: Clinical characteristics

Parameters n (%)

Age

Mean 74.1+10.9

Min 42

Max 93

Age > 70 (%) 70.1
Gender (M/F) 46/36
Hypertension 47 (57.3)
Smoking 41 (50.0)
Diabetes 12 (14.6)
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The table 2 showed mean of LDL-Cholesterol

Parameters n (%)

NYHA (%) was 2,77 = 0,91 pmol/l. The mean of LVEF
I 8.5 was 31.5 £ 5.4%. LV regional wall motion
EI ;;8 abnormalities were found in the majority of
v 15.9 patients (70.7% of hypokinesia; 53.7% of

CCS (%) akinesia). There was 42.7% of RV systolic
[ 25.6 dysfunction according to TAPSE, 42.7% of RV
EI gé; systolic dysfunction according to S” waves. The
v 13.4 increased of PASP was 72%.

Table 3: Paraclinical characteristics
Parameters Value Parameters Value

LDL-Cholesterol 77+ 0.9] Echocardiography

(nmol/)(Mean) LVEF (Simpson, %) (Mean) 31.5 + 5.4 (Rate,%)

ECG (Rate, %) Hypokinesia 70.7
Arrhythmia 35.4 Akinesia 53.7
ST-T changes 65.9 Decreased TAPSE 42.7
Necrosis Q 75.4 Decreased S’ 42.7
Pathological T wave 98.8 Increased PASP 72.0

3.2. Pulmonary vascular resistance

The mean PVR was 3.91 = 1.85 WU. There was not statistical difference between age and gender groups
(p >0.05). There was 35.4% of cases had normal PVR (35.4%). increased PVR (43.9%) prevails, compared

to the group with moderate or severe PVR elevation (p < 0.001).
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Figure 1: Comparison of mean PVR values by NYHA groups
In the NYHA III/IV group, the proportion of patients with elevated PVR was higher than the normal
PVR value (p < 0.001). The mean PVR increased gradually from NYHA group I to group NYHA IV (p <
0.001) (p <0.001). In the HFrEF group, the rate of increased PVR is 35.4% compared to 4.9% for normal
PVR (p <0.001). Patients with both elevated PVR and elevated PASP had the highest incidence (54.9%).
Table 4: The rate of increased PVR follows LVEF, TAPSE, S’ wave, and PASP

Increased PVR, n (%) | Normal PVR, n (%) Total, n (%) p
EF
< 30% 29 (35.4) 4 (4.9) 33 (40.2)
> 30% 24 (29.3) 25 (30.5) 49 (59.8) <0.001
Total 53 (64.6) 29 (35.4) 82 (100.0)
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Increased PVR, n (%) | Normal PVR, n (%) Total, n (%) p

s?
Decreased 28 (34.1) 7 (8.5) 35 (42.7)
Normal 25 (30.5) 22 (26.8) 47 (57.3) <0.001
Total 53 (64.6) 29 (35.4) 82 (100)

TAPSE
Decreased 34 (41.5) 1(1.2) 35(42.7) <0.001
Normal 19 (23.2) 28 (34.1) 47 (57.3) ’
Total 53 (64.6) 29 (35.4) 82 (100)

PASP
Increased 45 (54.9) 14 (17.1) 59 (72.0) <0.001
Normal 8 (9.8) 15 (18.3) 23 (28.0) ’
Total 53 (64.6) 29 (35.4) 82 (100)

There was 54.9% of cases had increased PVR and increased PASP, while only 9.8% of cases had
increased PVR only (p < 0.001). The percentage of patients with both increased PVR and RV systolic
dysfunction as determined by the TAPSE index were 41.5% and by the S’ wave was 34.1% (p < 0.001).
3.3. Correlation of PVR with LVEF, PASP, S’ wave, and TAPSE index

There was a strong correlation between the PVR and LVEF (r = - 0.545, p < 0.001), according to the
regression equation: Y = - 0.187X + 9.281. When PVR < 8 WU, this correlation was stronger (r = - 0.618,
p < 0.001), according to the regression equation: Y = - 0.171X + 9.079. There was a moderate positive
correlation between PVR and PASP (r=0.361; p =0.001), according to the regression equation: Y = 0.049X
+2.084. There was a strong negative correlation between PVR and TAPSE (r =-0.590; p < 0.001), according
to the regression equation: Y = - 0.249X + 8.237. There was a moderate negative correlation between PVR

and S’ wave (r = - 0.402; p <0.001), according to the regression equation: Y = - 0.283X + 6.659

IV. DISSCUSSION

We enrolled 82 HFrEF patient throught by upon
IHD with high risk of cardiovascular risk factor. RV
systolic dysfunction might develop in association
with LV dysfunction via multiple mechanisms [8].
Bursi et al showed that the percentage of PASP was
79% [13]. In the study of C. Jaarsmar et al, there was
a correlation between LVEF and TAPSE measured
by cardiac MRI (r = 0.50, p <0.001) [14]. Our study
results was similar to those of previous studies.

In the NYHA III/IV group, the rate of increased
PVR was much higher than in the other group (p <
0.001). In terms of pathogenesis, increased PVR was
a consequence of pulmonary vascular remodeling,
which was an important link in the progression to
“reactive” pulmonary hypertension in patients with left
heart disease, which in turn causes dyspnea on exertion
[8]. When we analyzed the degree of heart failure, we
also found a high incidence of increased PVR in the
EF <30% group (54.9%). This result was similar when
compared to the study of Fabregat-Andrés et al. [15].

Our study found that the rate of patients with
both increased PVR and RV systolic dysfunction
was 75.6% (41.5% assessed by TAPSE and 34.1%
assessed by S’ wave), compared to 54.9% in the
presence of elevated PASP. The increased PVR and
RV systolic dysfunction are two important factors
in the progression of LV systolic failure. Pham Thi
Tuyet Nga (2013) [4] showed an increased PVR in
majority of patients. Nguyen Thi Mai Ngoc (2012)
[3] studied patients before atrial septal defect
closure, and the results showed that the average
PVR was 2.25 + 1.31 WU compared to a control
group of 1.31 +£0.20 WU.

In our study, PVR was closely correlated with
LVEF (r = -0.545; p < 0.001), especially when
SCMP < 8 (r = - 0.618; p < 0.001). This result
was similar to that of Garcia-Alvarez et al. [15].
M Assadpour Piranfar showed the mean PVR
decreased, corresponding to LVEF (p =0.004) [16].

Increased PVR causes pulmonary artery
hypertension. It is therefore not surprising that PVR
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and PASP are correlated. With the results obtained,
we affirm once again this correlation with r = 0.361
and p=0.001, lower than authors Nguyen Tan Vuong
[5] withr=0.55 and Pham Thi Tuyet Nga [4] withr=
0.65. The population selection of Nguyen Tan Vuong
and Tran Thi Tuyet Nga enrolled both valvular
heart disease and congenital heart disease. The
prolongation period of progress pulmonary vascular
remodeling in congenital heart diseases was clearly
longer than in IHD, so PVR would be higher.

With the RV systolic function, we found a strong
positive correlation of PVR and TAPSE (r =- 0.590,
p <0.001) and a moderate negative correlation with
S’ waves (r = -0.402, p < 0.001). In study of M
Assadpour Piranfar, the average PVR decreased
as TAPSE increased and vice versa to the 18mm
TAPSE cutoff point (p = 0.026) [16].

V. CONCLUSION

PVR by using echocardiography is a crucial index
that helps early recognition of RV systolic dysfunction
secondary to HFTEF throught by upon IHD as well
as treating patients and possibly reversing the clinical
manifestations effectively and improving prognosis.
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