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Abstract

Objective The study aims to non-invasive assessment of PVR by echocardiography in type 2 DM and its relation to duration of DM and
HbA1c level and association of PVR to RV systolic and diastolic function.

Methods This cross-sectional comparative and analytic study was conducted on 62 consisting of patients with type 2 diabetes mellitus
without a history of hypertension, established coronary artery disease, and chronic obstructive pulmonary disease. All diabetic patients
were studied for age, sex. BMI, HbA1c level, and duration of diabetes, and echocardiography was performed to assess PVR systolic (TAPSE.
MPI) and diastolic (E/A, E/€) function of RV.

Results The study reveals there is no significant difference in PVR RV systolic and diastolic function concerning HbA1c level and DM
duration. While there is significantly higher PVR and significantly lower TAPSE and E/A in DM (P < 0.05) in comparison with normal control
subjects. In correlation of PVR with systolic and diastolic function of RV, there were showed a strong negative relationship between PVR and
systolic function and weak positive relationship with diastolic dysfunction P-value <0.05.

Conclusion Significant-high pulmonary vascular resistance in type 2 DM and inverse correlation to systolic function and linear correlation
to diastolic dysfunction of the right ventricle, while there is no relation of PVR to HbA1c level and duration DM.

Keywords Pulmonary vascular resistance, pulmonary hypertension, right ventricle function, diabetic state, diastolic and systolic function,

HbATc

Introduction

Diabetes mellitus (DM) is an endocrine disorder that quickly
develops among the population that affects millions of people
worldwide causing serious consequences and effects.’ It is
defined as a progressive disorder because of resistance to
insulin utilization from body organs and frequently decreased
insulin secretion from pancreatic cells in adults.” The standard
investigation of DM is HbAlc that is used for blood glucose
control level as follows - pre-diabetes as HbAlc 5.7 --- 6.4%
-diabetes person as HbAlc > 6.4%). -Good-control DM.
HbAlc < 7%, -poor or bad control DM HbAlc > 7%).* There
is evidence that DM may contribute to endothelial dysfunc-
tion of the pulmonary system via the release of inflammatory
cytokines (vasoconstrictive) substances such as (endothelin
and platelet-activating factors) and decrease availability of
nitric oxide (vasodilator). Recently showed that DMs have a
high risk of hospitalization (left ventricular) (LV) with (RV)
hypertrophy and higher concentrations of biomarkers that
relate to oxidative stress, inflammation, and fibrosis.” The
majority of methods for estimating pulmonary vascular resist-
ance (PVR) effects are based on invasive RV heart catheteriza-
tion (RHC) such approach using for conclusive diagnosis
while the ratio of tricuspid peak velocity (TRV) to velocity
time integral (VTI) of right ventricular outflow tract (RVOT)
calculated by echo give a valuable guide to PVR estimation.*
The aim of study was to determine the association between
pulmonary vascular resistance (PVR) and type 2 diabetes mel-
litus duration and the HbA1c level (glycaemic control) and its
relation to right ventricular systolic & diastolic function.
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Method

A self-constricted questionnaire form prepared to known
information from the Patients selected included information
and history regarding sex, age, diabetic period, smoking,
weight, and height were calculated. Medical history for any
cardiovascular disease, renal disease, respiratory, and hyper-
tension disease. After complete the questionnaire, participants
evaluated with relevant investigations like fasting blood sugar
with postprandial blood sugar, HbAlc level, the patients were
subdivided into 2 groups (according to HbA1c): good control
group when HbAlc < 7% and bad poor control (27%), and
(according to diabetic duration): patients ordered into 3
groups (1) below 5 years, (2) from 5-10 years and (3) above
than 10 years. Exclusion criteria: all patients with cardiac dis-
eases like valvular heart disease, ischemic, hypertensive heart
disease, congestive heart failure, cardiomyopathy, renal failure,
chronic pulmonary disease, severe anaemia, and hemoglobin-
opathies. The study was conducted by the ethical principles
that have their origin in the Declaration of Helsinki. The study
protocol and the subject information and consent form were
reviewed and approved by a local Ethics Committee. All par-
ticipants were invited to do echocardiographic examinations,
which were done on all individuals with the same protocol by
using a general electric medical system vivid 9-ultrasound
machine equipped with 5 MHz sector transducer probe. All
participants placed in the left lateral position and echo exami-
nation have been done according to the guidelines/recom-
mendations of the American Society of Echocardiography
(ASE)/European Association of Echocardiography (EAE).”
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Assessments of Pulmonary Vascular
Resistance

For estimation, VTI-RVOT (cm/s) 1-2-mm placed of PW
Doppler sample volume in RVOT when imaged from the par-
asternal short-axis view. The volume sample was placed in
very closing but not opening click of pulmonic valve than an
apical 4CV view where continuous wave (CW) Doppler
sample volume placed in between tricuspid leaflets for meas-
urement of TRV (m/s) an average of 3 cardiac cycles measure-
ments were done then the formula applies PVR = tricuspid
velocity (TRV)/velocity-time integral {PVR = TRV/VTI-
RVOT X 10 + 0.16 (WU)}.

Assessments of RV Systolic Function

(2DE) and M mode measurements for the RV systolic function
of tricuspid annular plane systolic excursion (TAPSE) by the
apical 4-chamber view (A4CV). An M-mode beam parallel to
the motion of the lateral wall is oriented to cross the lateral part
of the tricuspid annulus. An average of 3 measurements were
taken to avoid error. The right myocardial performance index
(RMPI) was measured by applying tissue Doppler imaging
(TDI) to the lateral tricuspid annulus in apical 4-chamber view
and calculated using the ratio of the isovolumic contraction
and relaxation times to divide on the ejection time that encom-
passes both systolic and diastolic functions.”

Assessments of RV Diastolic Function

For measurements of E/A ratio of tricuspid apical 4CV, align
the Doppler pulse wave volume sample (PW) beam with the
inflow direction. Place a 1-3 mm between the tricuspid leaflet
tips with reduction of adjustment Doppler gain so that modal
frequency is seen and use a sweep speed of 90-100 mm. Dual
imaging applied and TDI of lateral annulus for calculation of
(é wave) so E/é automatically appear on screen.’

Data was analysed using a statistical package for social
sciences (SPSS version 23) computer software program.
Descriptive statistics presented as a frequency table and figure
of continuous variables were expressed as mean + SD and
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categorical variables as numbers and percentages. Analytical
statistics as a student — t-test, ANOVA test, and correlation test
were used to find an association between categorical variables
and continuous variables. The P-value below or equal to 0.05
was considered statistically significant for a 95% confidence
interval (C.L).

Results

In our research 120 participants enrolled, 62 participants had
T2DM and 67 participants had a negative history of DM (con-
trol subjects). The age mean in the diabetic group was 51.6
(£0.4) years, while the age means in the control group was 46
(%9.3) years. In the diabetes group, the male represents 64.5 %
(40) of participants and the female was 35, 5% (22) of partici-
pants while in the control group the male represents 46.3 %
(31) of participants and the female 53.7% (36) of participants.
The BMI mean in the diabetic group was 28.6 that is approxi-
mately the same mean for the control group (28.7). In diabetic
patients, the duration mean of T2DM was 10.2 (+6.8) in which
30.6% (19) of them have DM for less than 5 years, 27.4% (17)
of them have DM between 5-10 years, and 41.09. (26) Of
them have DM more than 10 years. Regarding HbA1c level in
diabetic participants, 43.5% (27) of them have HbAlc level
below or equal to < 7. 56.5% (35) of them have HbAlc levels
above > 7. The mean of PVR was higher in diabetic partici-
pants than the normal control subjects with statistical P-value
was significant for mean difference between them (P value =
0.03*) which less than 0.05, while TAPSE and E/A had lower
in DM participants than normal control individual the statis-
tical mean difference between them, P-value = 0.003* and
0.03* respectively, which are less than 0.05 as in the following
Table 1.

The PVR was matched with MPI and TAPSE, showing
there are significantly negative (inverse) relationships between
these variables (increase in PVR, there was a decrease in MPI
and TAPSE). While the PVR showed (positive) correlation
with diastolic dysfunction increased (E/é and E/A) with
increased PVR, Table 2.

Table 1. Comparison in PVR, systolic and diastolic RV function between diabetic and control

Mean (+SD)
Variable P-value
DM patients Control
Systolic function MPI 046 (£0.15) 048 (+0.09) 048
TAPSE 224 (+3.8) 24 (+4.3) 0.003*
Diastolic function E/e 4.9 (+1.6) 4.5(+1.9) 0.28
E/A 1.1(+0.9) 14 (x0.4) 0.03*
Pulmonary vascular resistance 1.2 (£0.35) 1(+0.29) 0.03*
*Correlation test, significant P value < 0.05.
Table 2. Correlation between PVR and systolic and diastolic parameters
Variable Mean (£SD) Correlation coefficient P-value in correlation with PVR
Systolic function MPI 046 (+0.15) -0.46 0.00001*
TAPSE 224 (+3.8) -0.25 0.046*
Diastolic function E/é 49 (16 0.29 0.022*
E/A 1.1 (0.9) 0.28 0.025%
Pulmonary vascular resistance 1.17 (+0.35)

*Correlation test, significant P value < 0.05.
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Table 3. Relation of some parameters with the duration of DM

Duration of DM (+SD)
Variable P-value
<5years 5-10years >10 years
Systolic function MPI 046 (£0.17) 0.5 (£017) 044 (£0.15)
TAPSE 228 (+4) 21 (£3.6 225 (+3.8) 0.404
Diastolic function E/e 5(£1.3) 4.3 (£1.5) 51 (%19 0.644
E/A 1(x0.8) 1.1 (x0.6) 1.2 (x1.1) 0.27
Pulmonary vascular resistance 1.2 (£0.31) 1.1 (£0.31) 1.1 (£0.41) 0.63
ANOVA test, significant P-value <0.05.
Table 4. Relation of some parameters with the HbA1clevel
Level of HbA1c mean (+SD)
Variable P-value
<7 (controlled DM) >7 (poor controlled DM)
Systolic function MPI 0.49 (+0.16) 0.44 (+0.14) 0.19
TAPSE 23.1 (+4.4) 21 (£3.2) 0.21
Diastolic function E/e 48 (£1.5) 49 (+1.7) 0.78
E/A 1.1(£0.8) 1.1 (1) 0.98
Pulmonary vascular resistance 1.1 (x0.3) 1.1 (x0.34) 0.72

Student t-test, significant P value <0.05.

The right ventricular systolic, diastolic function, and pul-
monary vascular resistance had no meaningful statistical dif-
ference with the duration of DM (P-value > 0.05), Table 3.

The RV systolic, Diastolic function, and pulmonary vas-
cular resistance had no meaningful statistical difference with
HbA 1c level (P-value > 0.05), Table 4.

Discussion

DM is the commonest endocrine disease that influences all
general body vascular systems' but Its effects on PVR have not
yet studied well. Our original research design to non-invasive
echo assessment of association between PVR andT2DM con-
cerning diabetic duration and HbA1c level with correlation to
RV function in comparison with normal control non-diabetic
individuals, therefore the study is cross-sectional comparative
and analytic one. The study demonstrated that there is a statis-
tically significant high (PVR) in DM compared with normal
non-DM (control subjects). This may be due to the impact of
DM on the endothelium of the pulmonary vasculature system
(pulmonary artery, precapillary arteriole, pulmonary capillary
bed, and pulmonary veins) causing endothelial dysfunction of
this system leading to synthesize some peptides, endothelin
and platelet activating factors which is an extremely potent
vasoconstrictor causing elevated PVR.” In this study, the corre-
lation of PVR with systolic parameters (MPI and TAPSE) show
a reverse negative relationship P < 0.05 when elevated PVR
may cause elevated back pressure (afterload pressure) which
caused RV thickening, hypertrophy, stiffens and fibrosis of RV,
leading to decreased contractility and decreased MPI and
TAPSE."”"" Another explanation, the elevated PVR in diabetic
subjects causing loss of RV-PA coupling'' leading to elevated
RV pressure afterload causing decreased RV contractility and
compliance due to RV hypertrophy which decreased MPI and
TAPSE which causing increased E/é and E/A ratio in T2DM.*
In our study, it was demonstrated that there is no statistically
significant difference between PVR, systolic and diastolic RV,
DM duration, and HbA1clevel. However, this may be a smaller
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number size (N = 62) or a very short period of research. How-
ever, the present study is in agreement with some other similar
studies. The Browning’ in his study reported RV function in
type one and type two DM, using TDI, was showing no any
difference in the (E/A, E/é, TAPSE and MPI) among normal
and diabetic subjects and he said in his study that there is no
relation between the echo estimated parameters and indices of
diabetic control (plasma glucose and HbA1c) and the duration
of diabetes. Su et al."" concluded in his long prospective study
on patients with T2DM, there is a modest but not statistically
significant relation between HbAlc level and cardiovascular
events.

Conclusion

Significant-high pulmonary vascular resistance in type 2 DM
and inverse correlation to systolic function and linear correla-
tion to diastolic dysfunction of the right ventricle, while there
is no relation of PVR to HbA1c level and duration DM.

Conflicts of Interest

None of the authors has any conflicts of interest relevant to
what is written.

Funding Source

Babylon Health directorate funding was provided for data
collection, analysis, and interpretation; trial design; patient
recruitment. No public funding was received.

Acknowledgments

The author would like to express his thanks and gratitude to
Prof. Dr. Oday Al-Salihi (University of Babylon) and assistant
professor Dr. Safaa Jawad kadhim, the dean of Hamurabi Col-
lege of medicine, for their support, advice, help, and critical
reading of the manuscript. [l

Irag Med J I Vol. 5,No. 1, Winter 2021: 14-17



JS. Hassan et al.

Original

Echocardiographic Evaluation of Pulmonary Vascular Resistance

References

1.

de Simone G, Wang W, Best LG, Yeh F, Izzo R, Mancusi C, et al. Target organ
damage and incident type 2 diabetes mellitus: The Strong Heart Study.
Cardiovasc Diabetol. 2017;16(1):1-9.

Association AD. 14. Diabetes care in the hospital: standards of medical care
in diabetes—2018. Diabetes Care. 2018;41(Supplement 1): S144-S51.
Marcu R, Choi YJ, Xue J, Fortin CL, Wang Y, Nagao RJ, et al. Human organ-
specific endothelial cell heterogeneity. IScience. 2018; 4:20-35.

Sanz J, Sanchez-Quintana D, Bossone E, Bogaard HJ, Naeije R. Anatomy,
function, and dysfunction of the right ventricle: JACC state-of-the-art
review. J Am Coll Cardiol. 2019;73(12):1463-82.

Naing P, Kuppusamy H, Scalia G, Hillis GS, Playford D. Non-invasive
assessment of pulmonary vascular resistance in pulmonary hypertension:
current knowledge and future direction. Heart Lung Circ. 2017;26(4):
323-30.

Jergensen PG, Jensen MT, Mogelvang R, von Scholten BJ, Bech J, Fritz-
Hansen T, et al. Abnormal echocardiography in patients with type 2

diabetes and relation to symptoms and clinical characteristics. Diabetes
Vasc Dis Res. 2016;13(5):321-30.

. Hocaoglu-Emre FS, Saribal D, Yenmis G, Guvenen G. Vascular cell adhesion

molecule 1, intercellular adhesion molecule 1, and cluster of differentiation
146 levels in patients with Type 2 diabetes with complications. Endocrinol
Metab. 2017;32(1):99-105.

. Mazurek JA, Vaidya A, Mathai SC, Roberts JD, Forfia PR. Follow-up tricuspid

annular plane systolic excursion predicts survival in pulmonary arterial
hypertension. Pulm Circ. 2017;7(2):361-71.

. Browning JR. Effects of right ventricular diastolic dysfunction on coherent

flow structures in the human right atrium and right ventricle. University of
Colorado at Boulder; 2016.

Kang Y, Wang S, Huang J, Cai L, Keller BB. Right ventricular dysfunction

and remodeling in diabetic cardiomyopathy. Am J Physiol Circ Physiol.
2019;316(1): H113-22.

. SUW-Y, Chen S-C, Huang Y-T, Huang J-C, Wu P-Y, Hsu W-H, et al. Comparison

of the effects of fasting glucose, hemoglobin a'c, and triglyceride—glucose
index on cardiovascular events in type 2 diabetes mellitus. Nutrients.
2019;11(11):2838.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

Iraq Med J

Vol. 5,No. 1, Winter 2021: 14-17

https://doi.org/10.22317/imj.v5i1.996 17



