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Correlation between Pulmonary Vascular
Resistance and Some Cardiac Indices
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Abstract

Background: The Pulmonary Vascular Resistance (PVR) index is an important hemodynamic
variable in making determinations regarding cardiopulmonary diseases and can be measured
echocardiographically. The objective of this report is to examine the relationship between
echocardiographic parameters of ventricular function using PVR measurements.

Materials and Methods: This study included 40 patients. PVR and left ventricular function
indexes (left ventricle diastolic function and Systolic Pulmonary Arterial Pressure (SPAP)) were
measured echocardiographically and analyzed using a linear regression test. The relationship
between the right ventricular Tricuspid Annular Plane Systolic Excursion (TAPSE) index and the
mean PVR index was assessed with the Mann-Whitney test using SPSS Ver. 15.

Results: A comparison between PVR and TAPSE showed that the mean PVR was significantly
reduced when TAPSE increased, with a cut-off point of 1.8 (P= 0.026). Examination of the
relationship between SPAP and PVR made it clear that increased SPAP (mean PAP>25 mmHg)
caused PVR to significantly increase (P<0.0001). Analysis of the relationship between LVEF and
PVR showed that PVR decreased significantly in parallel with an increasing ejection fraction (P=
0.004). Determination of the mean PVR in the LV Diastolic dysfunction group showed that the
mean difference between the PVR indexes of the LV diastolic dysfunction group and the restrictive
pattern group was significantly higher than the mean difference between the PVR indexes of the
LV diastolic dysfunction group and the normal group(P<0.0001).

Conclusion: Considering the significance of PVR measurement in treating cardiovascular
diseases, we recommend echocardiography as a simple, accessible and noninvasive method for
determining this metric. In this study, we demonstrated that the strongest relationship between
echocardiographically determined measurements exists for the correlation between PVR and
diastolic dysfunction and the grades thereof. This method can be used as an accessible method
for determining PVR and as an index for assessing prognosis.
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Introduction

In healthy adults, the pulmonary vascular bed is a
Ilow pressure and resistance system that receives

a high volume of blood. Vascular resistance is
measured in terms of a pressure gradient. As Doppler
echocardiography is capable of measuring this gra-
dient as well as blood circulation flow, it is possible
to conduct a variety of vascular resistance measure-
ments in several organs using both two-dimensional
and Doppler echocardiography. Pulmonary Vascular
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Resistance (PVR) is an important parameter in terms
of treating cardiopulmonary patients. It is therefore
necessary to obtain PVR measurements from patients
with diseases that result in an elevated PVR index
(e.g., chronic heart failure, valvular diseases, primary
pulmonary hypertension and congenital diseases ac-
companied by a cardiovascular shunt) to effectively
assist clinicians in treating patients and in assessing
disease prognosis

Left ventricle ejection fraction (LVEF) index
for the assessment of left ventricular systolic
function

The LVEF is one of the most recognized and ac-
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Table 1: Diastolic dysfunction classification

1. Mild dysfunction

Impaired relaxation with normal filling pressure

2. Moderate dysfunction

Pseudonormalized mitral inflow pattern

3. Severe reversible dysfunction

Reversible restrictiveness (high filling pressure)

4. Severe irreversible dysfunction

ceptable indexes of left ventricular systolic function.
Normal LVEF values as measured by echocardiogra-
phy and angiography are in the range of 55% to 75%.
However, measurements performed using nuclide an-
giography generally produces lower values (45% to
65%). A value below 45%, aside from other loading
conditions, is illustrative of a ventricular dysfunction.

Examination of LV diastolic function

Determination of left ventricular diastolic function
is an important component of the cardiac evaluation.
Patients are classified into four classes, depending on
the degree of diastolic dysfunction (Table 1). Pres-
ently, echocardiography is the best means of making
this assessment.

Pulmonary Artery Pressure (PAP) index

Pulmonary artery hypertension (PAH) refers to
chronic elevated PAP and PVR indexes and leads to
enlargement and hypertrophy of the right ventricle
and right cardiac failure.”® In patients with early-stage
of pulmonary hypertension (PH), the PAP is normal
at rest. However, PAP increases pathologically during
exercise. In more severe form of pulmonary hyperten-
sion, PAP is high even at rest. Doppler echocardiog-
raphy is noninvasive methods for measuring PAP and
pulmonary hypertension is defined when mean PAP is
more than 25 mmHg. This value may also be meas-
ured invasively via catheterization. PAH has three
primary causes: (1) remodeling of vascular walls,
(2) thrombosis, and (3) vasoconstriction. Increases in
PVR may be either reversible or irreversible. Remod-
eling occlusion is the cause of irreversible pulmo-
nary hypertension, and an increase of vascular tone is
among the reversible causes of pulmonary hyperten-
sion, which comprises more than half of pulmonary
hypertension cases.

Tricuspid Annular Plane Systolic Excursion
(TAPSE)

Echocardiography is the most accessible method
for examining right ventricular function. The results
of echocardiographic tests for estimating right ven-

Irreversible restrictiveness (high filling pressure)

tricle function (RVEF) completely agree with results
based on radionuclide methods, despite the fact that
echocardiography generally and systemically ignores
right ventricle trabeculations; therefore, determining
RVEF tests via echocardiography may occasionally
underestimate some measures of ventricular dysfunc-
tion when compared to measurements made using
the radionuclide method. One of the indexes meas-
ured using echocardiography by non-geometric meth-
ods is Tricuspid Annular Plane Systolic Excursion
(TAPSE). This is a simple measurement for estima-
tion of right ventricular function. Previous studies
have established that the use of TAPSE for estimation
of RVEF provides results that are both highly satis-
factory and in significant agreement with measure-
ments obtained using the radionuclide method. The
sensitivity of TAPSE measurements in diagnosis of
initial stage of right ventricle failure is even higher
than that of the radionuclide method. It appears that
systolic deceleration of tricuspid valve annulus rep-
resents a very accurate index for predicting right ven-
tricle dysfunction. Alternatively, in patients suffering
from cardiac failure, a reduction in the TAPSE index
is directly related to the intensity of right ventricular
failure. TAPSE index values range from 1.5 to 2 in
normal individuals.

The present research is designed to assess whether
Doppler echocardiography can be a suitable and non-
invasive method for estimating PVR by measuring
indexes of left and right ventricular function and to
study the relationship between these parameters.

Methods and Materials

This cross-sectional prospective study addressed
a cohort of 40 consecutively referred outpatients or
hospitalized patients at Taleghani Hospital, Tehran,
from July 2009 to October 2009. Patients suffering
from severe PAH (PASP> 60 mmHg), cor-pulmonale,
Chronic Obstructive Pulmonary Disease (COPD),
valvular diseases, pulmonary thromboembolism or
acute heart failure were excluded.

All patients underwent two-dimensional Doppler
echocardiography using a Vivid 3 Echo-Doppler sys-

Table 2: Variables Measured in Echocardiography by Sex

Sex PVR EF SPAP TAPSE
Female 1.7+0.36 0.52+0.06 30.15+13.22 2.25+0.32
Male 1.86+0.66 0.46+0.12 35+18.43 1.99+0.52
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Table 3:Mean PVR in Various LV Diastolic
Function Groups

LVS PVR Mean + SD P Value
Normal 1.75+0.56 -
Impaired relaxation 1.68+0.35 0.09
Pseudo-normal 1.75+ 0.34 0.9
Restrictive pattern 3.1+£0.57 0.001

tem (GE). The patients’ LV diastolic function, LVEEF,
SPAP, TAPSE, and PVR in respective exponents
were determined and recorded in the echocardiog-
raphy report. The variable parameters investigated
in this study were determined via echocardiography,
and hence, their reliability depended on the accuracy
of the echocardiography conducted by the respective
physician, the preciseness of the set used, and the in-
herent limitations of trans-thoracic echocardiography
(TTE). We attempted to overcome these limitations
by selecting accurate patient data sets, and to have a
highly attentive and experienced physician perform-
ing all of the TTE measurements. The data were en-
tered into a database and analyzed using SPSS Ver.
15 software. Quantitative results are presented as the
mean + SD, and qualitative results are presented as
percentages. We applied Mann—Whitney statistical
tests and linear regression analyses to examine the
relationship between PVR and each variable. P< 0.05
was considered significant. To verify the accuracy of
the measurements, another specialist remeasured all
echocardiographic variables obtained from the first 5
patients and used the respective results to standard-
ize the echocardiography readings. All patients taking
part in this study gave written consent to participate
in the project.

Results

Forty patients entered this study. Of these, 19
(47.5%) were female, and 21 (52%) were male. The
average age of the female patients was 50.1+ 16.90
years and that of the male patients was 55.09+ 19.51
years (Table 2). The male and female patients did not
differ statistically in age (P= 0.3). The means of the
ejection fraction (EF), PVR, SPAP, and TAPSE val-
ues for the groups of male and female patients are
presented in Table 2.

To determine a cut-off point for the TAPSE and
PVR measurements, patients were divided into two
groups: those presenting TAPSE index > 1.8 and
those exhibiting TAPSE index < 1.8. The patients’
PVR indexes were then assessed under these classi-
fications. The Mann—Whitney test was used to make
comparisons at o= 0.05. The resulting mean PVR in-
dexes were significantly higher in the TAPSE index <
1.8 group than that in the TAPSE index > 1.8 group

(P=10.026).

To determine the mean PVR in patients with vary-
ing degrees of LV diastolic function, the patients were
classified into four groups: normal, impaired relaxa-
tion, pseudo-normal and restrictive pattern. The PVR
in each of these groups was then assessed using a sim-
ple linear regression model. Linear regression analysis
of the mean PVR index related to the above classifica-
tions of LV diastolic function showed that there was
no significant difference between the mean PVR index
of the impaired relaxation and pseudo-normal groups.
The analysis also showed that the mean PVR in restric-
tive pattern group was 4.215 units higher than that of
the normal group (Table3).

It should be noted that this model is adjusted for
age and sex; i.e., these variables had no definite effect
on PVR.

We determined the relationship between LVEF and
PVR by applying a linear regression model. The model
was adopted for sex and age, i.e., these variables had
no definite effect on either PVR or LVEF. The analysis
indicated that increases in PVR were significantly cor-
related with reductions in LVEF (P=0.004). The linear
regression model indicates that PVR changes are in
significant agreement with SPAP changes. That is, for
each 1-unit increase in SPAP, PVR increases by 0.024
units (P < 0.0001). Age and sex were not significant
variables in this model, i.e., they had no effect on the
measured PVR.

Discussion

Pulmonary blood circulation determines right ven-
tricular output and modifies left ventricular venous re-
turn. Consequently, an increase in pulmonary vascular
tone may aggravate myocardial dysfunction. The pul-
monary vascular bed in healthy adults is a low pres-
sure, low resistance system that receives a high volume
of blood. Among other properties, this vascular bed is
highly capable of adapting to extremely large volumes
of blood and of maintaining desirable pulmonary ar-
tery pressure. The PVR index is an important hemo-
dynamic variable used to evaluate a patient’s response
to cardiac congestive failure. Determination of the
PVR index is also a necessary component in examina-
tions of candidates for heart and liver transplantation
and plays a significant role in the prediction of both
short- and long-term outcomes in these patients. Addi-
tionally, the PVR index is used to determine the surgi-
cal outcome in patients with congenital heart diseases.
Previously, invasive methods, such as catheterization,
were primarily used to measure PVR. However, recent
studies have shown that noninvasive methods, such as
bidimensional echocardiography, may be satisfactory
substitutes for PVR measurement.

The relationship between TAPSE and PVR

Our decision to classify the patients in this cohort
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into groups of individuals presenting TAPSE indexes
> 1.8 and TAPSE indexes< 1.8 was based on a study
performed by Forfia et al. in which the same classifica-
tion scheme was used. Forfia et al. reported that right
ventricle function is important for risk stratification of
patients suffering from pulmonary hypertension and
that the TAPSE index correlation with those of PVR
measurements. Consequently, the TAPSE index may
be used to estimate the degree of PVR.!

Additionally, McLean et al. determined that chang-
es in the TAPSE index in patients suspected of pulmo-
nary hypertension were decisive in confirming this di-
agnosis. These researchers also found that the presence
of pulmonary hypertension can be confirmed by blind
measurements of the TAPSE index.”

Furthermore, Gurudevan et al. determined that
PVR measurements made by either catheterization or
echocardiography were strongly and significantly re-
lated.’

Kouzu found that PVR measurements made via
catheterization and those made by determining the
tricuspid regurgitant pressure gradient to time-veloc-
ity integral (TRPG/ TVI) ratio (the component values
which are echocardiographic) were significantly and
linearly related (P < 0.0001).

Based on the results of the Mann—Whitney test, our
results indicate that the mean PVRs of the two groups
(TAPSE indexes > 1.8 and TAPSE indexes< 1.8) are
significantly different, i.e., the mean PVR in the lower
TAPSE index group is higher than that of the higher
TAPSE index group (P= 0.026).

Relationship between PVR and SPAP

In a study performed by Sablotzki et al., PVR and
PAP were measured prior to and following Iloprost in-
halation in patients with high PVR indices. The results
of this study indicated that PVR measurements were
significantly reduced in those patients receiving an in-
halation of Iloprost (P <0.05). However, the reduction
in PAP was not significant.®

Other studies have confirmed the relationship re-
garding the simultaneous and significant lowering of
PAP and PVR in patients suffering from pulmonary
hypertension by treatments such as nitric oxide.’

Corte et al. reported a significant correlation be-
tween PVR and PAP. In lung transplant candidates,
a PVR value higher than 6.23 was found to be inde-
pendently predictive of post-transplant mortality.® A
number of other studies have also found a significant
relationship between PVR and PAP.% 10111213

Shandas et al. conducted a study on patients suf-
fering from pulmonary hypertension and proposed the
following formula to determine the PVR index:

PVR= 1.55 Vel prop (Velocity Propagation Slope)
+24.14

A study by Nath et al. demonstrated that in patients
suffering from high PAP who had been treated with

epoprostenol, the pulmonary total resistance index im-
proved significantly, indicating that this index may be
used to evaluate the degree of epoprostenol effect on
PVR.?2

In patients suffering from pulmonary hypertension,
Loogen et al. showed that the use of vasodilators, such
as adenosine, epoprostenol, or nitric oxide was signifi-
cantly effective in reducing PVR and PAP'

The results of the regression model used in the pre-
sent study to examine the relationship between SPAP
and PVR (as adopted for the respective ages and sexes
of the patients) indicated a statistically significant cor-
relation (P <0.0001), such that there was an increase
of 0.024 units in the PVR index per unit increase in
SPAP. The relationship between PVR and PAP can be
described by the following formula:

PVR=0.921 + (0.024 x SPAP).

Neither age nor sex was a significant variable in the
model described in the present study, i.e., they had no
significant effect on the PVR index.

Relationship between PVR and LV Diastolic
Dysfunction Grade and LVEF

In Rajagopalan et al. concluded that the degree of
LV dysfunction plays an important role in pulmonary
hypertension pathophysiology.!®

Additionally, Chang et al. found that as their pa-
tients’ pulmonary hypertension became more severe ,
LVEF decreased, and LV diastolic dysfunction signifi-
cantly increased."’

Hayward et al. did not observe a significant rela-
tionship between PVR and normal LVEF following
inhalation of nitric oxide.'®

However, the conclusions reached by other re-
searchers indicate that in patients suffering from PH,
irrespective of the etiology of the illness, LVEF im-
proves significantly, and PVR is reduced.!

In a review article, Ehtisham et al. stated that pul-
monary artery thromboendarterectomy results in a sig-
nificant and effective reduction in PVR and an increase
in cardiac output and right ventricle function.?!

Scapellato arrived at the conclusion that in patients
suffering from chronic cardiac failure, the PVR in-
dexes measured by both catheterizations and Doppler
echocardiography were similar.?2

In the present study, the mean PVR in the impaired
relaxation and pseudo-normal groups did not vary sig-
nificantly from that of the normal group. However, the
mean difference between the normal group and the
restrictive pattern group was significant (P < 0.0001).
This relationship explains the correlation between se-
vere left diastolic dysfunction and increased PVR. The
mean PVR in the restrictive pattern group was found to
be higher than that in the Normal group by an average
of 4.215 Wood units. This model was adopted for age
and sex; however, these variables did not significantly
affect the model, i.e., they had no discernable effect
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on PVR.

Conclusion

Echocardiography is a simple, inexpensive and
noninvasive method for monitoring hemodynamic
variables in patients with cardiac diseases. Measure-
ment of PVR via right ventricular catheterization is
invasive, but knowledge of this value is required in
many patients (e.g., those suffering from pulmonary
hypertension or heart failure and those waiting to re-
ceive heart or lung transplants). Based on the results
of linear regression analysis, we determined that in-
dexes of right and left ventricular function (e.g., LVEF,
SPAP, TAPSE, and LV Diastolic Dysfunction) were
significantly correlated with PVR measurement. Ad-
ditionally, we demonstrated that the strongest echocar-
diographic correlation was between PVR and severe
diastolic dysfunction. Considering the significant cor-
relations identified for this index in the present study
and in previous researches, echocardiography-based
PVR measurement can begin to be used with a high
degree of confidence.
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