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ABSTRACT

Background & Objectives:
potent vasodilator, is crucial in managing blood

Nitroglycerin, a

flow dynamics
Myocardial Infarction (MI). This research aims to
comprehensively review the role of nitroglycerin
in regulating blood flow and enhancing
cardiovascular performance post-ML.

in patients recovering from

Materials and Methods: Blood flow was modeled
as a Herschek-Bulkley fluid. The study derives
expressions for various blood flow characteristics,
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including pressure, viscosity, resistance to flow,
and wall shear stress. Pharmacological
mechanisms of nitroglycerin, its effects on
vascular function, and its role in mitigating
ischemic events are explored.

Results: The findings indicated that blood flow
increases with the height of stenosis. Nitroglycerin

effectively dilates blood vessels, reducing
peripheral vascular resistance and easing blood
flow. Clinical applications, including

administration routes, dosage regimens, and

potential adverse effects, are discussed.

Conclusion: Nitroglycerin plays a pivotal role in
managing blood flow post-MI by dilating blood
vessels and reducing peripheral vascular
This
improved cardiovascular outcomes and symptom
relief in patients recovering from ML

Understanding its multifaceted role is crucial for

resistance. mechanism contributes to

optimizing treatment strategies and enhancing
patient care.

Keywords: Herschek-Bulkley fluid, Myocardial
infarction, Nitroglycerin, Radially non-symmetric,
Resistance to flow.
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INTRODUCTION

Myocardial Infarction (MI) commonly known
as a heart attack, is a critical medical
condition characterized by the
interruption of blood flow to a part of heart
muscle, leading to tissue damage or cell death
due to lack of oxygen and nutrients [1]. This
interruption typically occurs when a coronary
artery, responsible for supplying oxygen-rich
blood to heart, becomes blocked or narrowed
due to the formation of plaque or a blood clot
[2]. The impact of myocardial infarction on
health is profound
multifaceted. Firstly, Myocardial Infarction
(MI) can result in significant damage to heart
muscle, leading to impaired cardiac function
and potentially life-threatening complications
such as heart failure, arrhythmias, or cardiac
arrest [3]. Additionally, the occurrence of a
heart attack often serves as a warning sign of
underlying cardiovascular disease, indicating
the presence
hypertension, high cholesterol, diabetes, or
smoking [4]. Furthermore, myocardial
infarction can have far-reaching
consequences on the overall health and well-
being of affected individuals, impacting their
quality of life, physical capabilities, and
emotional health [5]. Post-MI rehabilitation
and lifestyle modifications are essential
components of managing the condition and
reducing the risk of future cardiovascular
events [6]. Myocardial infarction represents a
significant public health concern due to its
high morbidity and mortality rates and its
profound implications
health and overall well-being [7]. Effective
prevention, early recognition, and prompt

sudden

cardiovascular and

of risk factors such as

for cardiovascular

treatment are crucial in mitigating the impact
of heart attacks and improving outcomes for
affected Atherosclerosis, the
leading cause of heart attacks and strokes,

individuals.
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results from the progressive narrowing and
hardening of lipid
accumulation in the arterial wall [8]. This
build-up of deposits, known as plaques, can
protrude into the arterial lumen, restricting
flow. When coronary artery is damaged, it can
lead to heart attack [9].

arteries due to

Additionally, there are alterations in the
forces exerted by blood flow on the plaque
surface, contributing to disease progression
[10]. Stenosis, depicted in [Figure 1] refers to
the abnormal narrowing of a blood vessel,
which is often a consequence of
atherosclerosis. The insightful studies
conducted by [11] have highlighted the
physiological significance of variations in flow
and
investigations by [12] have provided insights
into velocity, pressure, shear stress, and
separation phenomena in specific diseased
conditions. Building upon this work, a series
of papers [13-15] have explored the effects of
blood flow on the cardiovascular system,
considering blood behavior as that of a
Newtonian fluid. It is acknowledged that
always exhibit
Newtonian behavior, particularly at low shear
rates, as it is a suspension of cells [16].
Studies by [17] have demonstrated that blood
flow in small-diameter tubes (less than 0.2
mm) and at shear rates below 20 (1/sec) can
be modeled using a power-law fluid model.
Despite these advancements, the previously
discussed models by [18] have not addressed
radially
mathematical model has been developed to
study blood flow through radially non-
symmetric stenosis, featuring an improved

stress with distance. Theoretical

blood flow does not

non-symmetric stenosis. A

generalized geometry of multiple stenosis
spaced equidistantly  [19].
graphical analyses have been performed for a
single loop of stenosis with varying degrees of

Simplified
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different
Infarction

depression  at points  [20].
Myocardial has  significant
implications for cardiovascular health, often
resulting in complications such as heart
failure, arrhythmias, and even death if not
promptly managed. Effective management
strategies are crucial in optimizing post-
Myocardial Infarction outcomes, including
reducing morbidity and mortality rates and
improving overall quality of life for affected
individuals [21]. Nitroglycerin, a vasodilator
medication, plays a pivotal role in regulating
blood flow and managing
associated with Myocardial Infarction and
other ischemic heart conditions [22]. By
inducing vasodilation, nitroglycerin helps to
dilate blood vessels, particularly coronary
arteries, thereby
perfusion and reducing myocardial oxygen
demand. Understanding the pharmacological
mechanisms of nitroglycerin is essential for
its effective utilization in post- Myocardial
Infarction care and ischemic heart disease
management [23]. Nitroglycerin undergoes
rapid metabolism in the body, leading to the
release of nitric oxide, which serves as the
primary mediator of its pharmacological
effects. Nitric oxide activates guanylate
cyclase, resulting in the formation of Cyclic
Guanosine Monophosphate from guanosine
triphosphate. Elevated Cyclic
Monophosphate levels lead to vasodilation
and relaxation of vascular smooth muscle,
contributing to decreased vascular resistance
and improved blood flow [24].

symptoms

improving myocardial

Guanosine

The vasodilatory effects of nitroglycerin

extend to coronary arteries, where it
enhances coronary blood flow and
myocardial oxygen supply. By reducing

cardiac preload and afterload, nitroglycerin

helps to alleviate symptoms of angina

pectoris and improve left ventricular function
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in individuals recovering from Myocardial
Infarction [25]. Its vasodilatory properties
are particularly beneficial in the management
of acute coronary unstable
angina, and during percutaneous coronary

intervention (PCI) procedures [26].

syndromes,
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Figure 1: Normal artery and artery with
multiple stenosis

Nitroglycerin plays a crucial role in alleviating
symptoms of angina pectoris, such as chest
pain discomfort, by promoting
vasodilation and increasing coronary blood
flow. In the acute phase of Myocardial
Infarction, nitroglycerin helps to reduce
myocardial ischemia and improve myocardial
perfusion, thereby minimizing tissue damage
and preserving [27].
Additionally, hemodynamic
effects contribute to the stabilization of

and

cardiac function

nitroglycerin’s

individuals with acute coronary syndromes
and facilitate optimal outcomes following PCI
procedures. In individuals recovering from

Myocardial Infarction, nitroglycerin’s
vasodilatory properties help to reduce
cardiac preload and afterload, thereby

improving cardiac performance and reducing
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myocardial workload [28]. By enhancing
coronary blood flow and myocardial oxygen
supply, nitroglycerin supports myocardial
recovery and promotes left ventricular
function. Its administration in the post-MI
period is associated with improved clinical
outcomes and reduced risk of recurrent
ischemic events [29]. Dosage regimens and
titration strategies should be tailored to
individual patient requirements to achieve
optimal therapeutic effects while minimizing
adverse reactions. Adverse effects associated
with nitroglycerin use include headache,
hypotension, and reflex tachycardia,
necessitating careful monitoring and dose
adjustments as needed [30]. Emerging
therapies and novel formulations of
nitroglycerin hold promise for enhancing its
efficacy and improving patient outcomes in
ischemic heart disease management [31].
Future research efforts should focus on
elucidating the potential synergistic effects of
nitroglycerin with other cardiovascular
medications and exploring innovative
treatment modalities to address unmet
clinical needs in post- Myocardial Infarction
care [32]. Clinical investigation into
personalized treatment approaches and
multidisciplinary care models is warranted to
optimize patient outcomes and advance
cardiovascular care. Nitroglycerin remains a
cornerstone therapy in optimizing
cardiovascular performance following
myocardial infarction, offering significant
benefits in terms of symptom relief,
myocardial protection, and clinical outcomes
[33]. Its
hemodynamic properties play a crucial role in
improving myocardial perfusion, reducing
myocardial ischemia, and enhancing left
ventricular  function post- Myocardial

vasodilatory  effects  and

Infarction [34]. Moving forward,
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individualized treatment approaches and
collaborative care efforts are essential in
maximizing the therapeutic potential of
nitroglycerin and improving long-term
cardiovascular health outcomes.

MATERIALS AND METHODS

In this current analysis, the assumption is
made that stenosis occurs within arterial
wall, exhibiting symmetry about axis but non-
symmetry concerning radial coordinates and
it is represented by [Figure 2]. Under this
condition, radius of artery, denoted as R(z),
and expressed as below:

5 = [1— AL oz — kd — (k— 1)Lo]-
(0z—kd — (k— ))LF™]. (1)
m/(m-1)
Where, A = o — L
R,Lg (m-1)

In the provided parameters:

e R(z) represents radius of artery with
growth of stenosis at a specific axial
position z.

e L denotes total length of the artery.

e dindicates is distance.

e ksignifies stenoses number present in
the artery.

e m is stenosis shape parameter in
artery.

e J§ismaximum thickness of stenosis.

kd + (k-1)L,+L,/ m'" ™D

a

(2)
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Figure 2: Geometry of Stenosed artery

Conservation Equation and boundary
conditions:

In this analysis of blood flow through a
stenosed artery, conservation equations and
boundary conditions play a crucial role in
describing behavior of fluid
interaction with the arterial walls. These
equations and conditions help establish a
mathematical framework for studying the
flow dynamics [35]. These equations govern
flow of blood and its properties such as

and its

velocity, pressure, and shear stress
distribution  within  artery.  Boundary
conditions are necessary to  solve

conservation set of equations and describe
how the flow behaves at the boundaries of the
system [36]. They specify the values of flow
variables such as velocity, pressure, and shear
stress at inlet and outlet boundaries, as well
as any solid boundaries representing the
arterial walls. Conservation equations and
boundary conditions provide a fundamental
basis for analyzing blood flow through
stenosed arteries and understanding the
effects of stenosis on flow characteristics
[37]. The equation describes the movement of
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blood in a steady, fully developed manner
through an artery, assuming it is laminar and
incompressible. This equation considers the
viscosity of blood changing along the radial
direction within the artery [38].

This equation describes how changes in
pressure and viscosity influence rate of
change of velocity with respect to axial
distance within the artery. It provides
insights into dynamics of blood flow under
varying conditions, including stenosis and
changes in viscosity along the radial direction
[39].

0=-(0P/0r)+(1/r)*(0(rt)/0z)
0=-(0P/0r) (3)
In the given context, the coordinates (zr)
represent the spatial dimensions of the
artery:

e zismeasured along axis of the artery.

e ris measured normal (perpendicular)
to axis of artery.
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These coordinates allow for the description of characteristics and the effects of stenosis or
positions and distances within the artery, variations in viscosity along both the axial
enabling the analysis of blood flow and radial directions.

1. No-slip condition at the artery wall:

odu/or=0 atr=0

o This condition implies that there is no relative motion between the blood and the arterial wall
at the boundary.

2.Velocity at the artery wall:

ou=0 atr=R (2).

o Itindicates that the velocity of blood at the boundary of the artery wall is zero.

3.Finite wall shear stress at the artery wall:

o Wall shear stress, (™) is finite at r=0
This condition ensures that there is a finite shear stress exerted by the blood on the arterial wall.

4.Pressure boundary conditions:

oP=P, atz=0

oP=P, atz=L (4)

o These conditions specify pressure in the inlet (z=0), outlet (z=L) of the artery, representing
the upstream and downstream boundaries, respectively.

Solution of the problem: The Herschel-Bulkley fluid model describes stress-strain relation of
certain fluids.

f(r)=(—%jzﬁ(f—r0)n, T2>T,

f(7) =(—%j:0, T< T, (5)

where r:[—%i), T, = —@&
dz 2 dz 2

In the equation provided, various parameters are defined:

The equation describes stress-strain relationship of Herschel-Bulkley fluid. If T < to, the fluid
exhibits plug flow behaviour. Conversely, when 1t exceeds the yield stress (t = to), the fluid
behaviour follows a power-law model. This distinction highlights the non-Newtonian behaviour of
Herschel-Bulkley fluids under different shear conditions.

From equations (2) and (3), we obtain the following expression:

()~ (& 100
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Flow of flux is obtained as,

K H o e
Q=J, 2pur dr=p [ :r‘-d—:d'.r' (7)
Un 3+
nf P R™ N (8)
= — f ,
° 2(2J '

where f(y)=[2(Rc/R)1+1/n -[4/(1/n+2)*(1-(Rc/R)1+1/)] + (3/(2/n+2))*(1/2n+3)+ (1-2Rc/R)3+1/n
-(1-Rc/2R)1+1/n]

n
_(.dp\__2np 2Q 1 9)
P=|-—2|= 1+
(dz) R(1+3n)(nf(§1)( )
20 . ) ) nrl ds dz
P =P —Po = —r (2QUL + (/)" fg mrom - (10)

o

Coefficient A, defining resistance to flow, is determined as follows:

A=(PL-Po)/Q. (11)

2n [ 2Q(1+4) "

_2p i j
A= ( (M) (12)
0 1+3n

Ro T

d gz o dz L dz
M = I f n + I R Z) 1+3n n a J. (f )n

O( O) i ( Ro j (fm)" oo
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_ (3*’%) (3+Jn-)_
+m[(1')’1) '(('1) yl)j )

when there is no stenosis present in the artery, resistance to flow is represented as Ro.

. 2o 2Q014+(1/n) L
N = R'E+H-.‘1[ T & )]” {_1} (13)
_Fo Lo Q" T dz (14)
A=——=1- T + L J. 1+3 n
N “ IR
R o
RESULTS (shape and size) and the associated resistance

The study conducted computational
simulations to investigate effect of some
factors, namely resistance to flow, stenosis
shape parameter, wall shear stress, viscosity,
stenosis size, blood flow in diseased systems
characterized by arterial stenosis due to local
lipid deposition. Stenosis shape parameter
refers to a numerical value (ranging from 2 to
11) used to represent shape of the stenosis in
the arterial wall, with each value indicating a
different degree or type of stenosis shape
[40]. The study utilized computer codes or
computational models to simulate and
analyze blood flow dynamics in arteries
affected by stenosis. By varying the stenosis
shape parameter and size, researchers could
quantitatively assess how these factors
influence A and t [41]. Resistance to flow
refers to the opposition encountered by blood
as it moves through narrowed arteries, while
wall shear stress refers to the frictional force
exerted by the flowing blood on the walls of
the blood vessels. Through numerical
experiments, the researchers obtained
analytical results that quantified the
relationship between stenosis characteristics

JMCJMS: ISSN 2091-2242; eISSN 2091-2358

to flow and wall shear stress. This analysis
provided valuable insights into the
hemodynamic changes occurring in arteries
affected by stenosis, contributing to a better
understanding of the pathophysiology of
vascular diseases and potentially informing
the development of diagnostic and
therapeutic strategies. Results are depicted in
[Figures 3-6], utilizing parameter values.

e e T VC R VN R - N ¥
[ = L o e ¥ I == T 5 N
oo O O o o o o O

Resistance to flow (dynes/sec/cm )
wl
=

o

2 4 6 8 10
Stenosis shape parameter (m)

Figure : 3 Resistance to flow with Stenosis shape parameter

(m)
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Figure : 4 Variation of Resistance to flow with stenosis size
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Figure : 5 Wall Shear Stress for different stenosis shape
parameter (m)
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Figure: 6 Wall shear stress with stenosis size

DISCUSSION

Figure 3 provides insight into the
relationship between Resistance to flow
(A) and stenosis shape parameter (m). As
depicted, resistance to flow (A) decreases
as the stenosis shape parameter (m) rises.
This trend is consistent with the results of
[38] and indicates that the maximum
resistance occurs at m = 2, corresponding
to symmetric stenosis. This
reinforces existing knowledge regarding
the impact of stenosis shape on flow

finding

dynamics and highlights the significance
of considering asymmetry in stenosed
arteries [42].

Figure 4 show cases the relationship between
resistance to blood flow (A) and stenosis size
(6/Ro). Notably, resistance to flow increases
with larger stenosis sizes, which is consistent

JMCJMS: ISSN 2091-2242; eISSN 2091-2358
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with the Fahraeus-Lindquist effect observed
in very thin tubes [43]. This phenomenon
underscores impact of stenosis size on flow
dynamics and highlights the importance of
considering stenosis dimensions in assessing
vascular health [44].

Figure 5 depicts how shear stress (t) varies
with the stenosis shape parameter.
Interestingly, the graph illustrates a decrease
in shear stress as the m increases [45]. These
finding suggests that the changes in stenosis
shape can influence wall stress,
emphasizing the intricate relationship
between arterial geometry and flow dynamics
[46].

shear

We observed in Figure 6 the relationship
between shear stress and stenosis size. As
the graph
demonstrates a corresponding increase in
wall shear stress (t). This finding aligns with
previous studies and underscores the

size of stenosis increases,

Shah, SR et al.,
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influence of stenosis size on wall shear stress
within the arterial system [47]. Diabetic
patients are more prone to heart disease due
to various factors such as insulin resistance,
high blood sugar levels, and other metabolic
abnormalities that can damage blood vessels
and increase the risk of cardiovascular
complications [48]. Nitroglycerin is often
prescribed to diabetic patients to help
manage their heart disease. It works by
dilating blood vessels, which can improve
blood flow to the heart and reduce the
workload on the heart muscle [49]. This helps
to alleviate symptoms such as chest pain
(angina) and may also lower the risk of more
serious like heart
attacks. The findings and derived expressions
are based on a Herschek-Bulkley fluid model,
which may oversimplify the complex nature
of blood flow dynamics in
scenarios [50].

cardiovascular events

real-world

This model's applicability in clinical settings
could vary due to individual patient
characteristics, disease  severity, and
treatment variations not fully explored in this
study [51]. Moreover, the study primarily
focuses on short-term effects of nitroglycerin,
leaving out considerations of long-term
outcomes, potential tolerance development,
and broader cardiovascular impacts [52].
Clinical translation of these findings also
requires careful consideration of patient
specific factors, comorbidities, and adherence
to treatment regimens, which were not
extensively addressed here [53]. Additionally,
while the study discusses potential adverse
effects, a comprehensive analysis of all
adverse and their
strategies falls beyond the study's specific

events management

scope. Future research should aim to address
these limitations to better inform clinical
practice and optimize cardiovascular care

JMCJMS: ISSN 2091-2242; eISSN 2091-2358
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strategies for patients recovering from MI
[54].

CONCLUSION

This study illuminates the intricate dynamics
of blood flow in arteries with multi-shape
stenosis. Through theoretical and analytical
investigations, valuable insights were gained
into the effects of non-symmetric multiple
stenosis blood dynamics,
emphasizing the significance of artery
geometry in vascular research. Shifting focus
to the pharmacological aspect, nitroglycerin
emerges as a component in
cardiovascular management. As a potent
vasodilator, nitroglycerin effectively reduces
blood pressure by relaxing smooth muscle
cells in blood vessel walls, thereby inducing
This mechanism not only
decreases peripheral vascular resistance but
also enhances coronary blood
contributing to improved cardiovascular
function. Moreover, nitroglycerin's impact on
blood flow within the cardiovascular system
is profound, facilitating easier passage of
blood and enhancing both coronary and
peripheral blood flow. These vasodilatory
effects are particularly beneficial in
conditions like angina pectoris and acute
coronary syndromes, where inadequate blood
flow can precipitate adverse cardiac events.

on flow

critical

vasodilation.

flow,

Nitroglycerin further reduces resistance to
flow in blood vessels, promoting smoother
blood especially
myocardial infarction and similar conditions
characterized by
resistance. Additionally, nitroglycerin's ability
to decrease wall

circulation, during

increased  vascular
shear stress suggests
potential implications for mitigating vascular
damage and preventing the progression of

vascular diseases. Nitroglycerin's

Shah, SR et al.,
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multifaceted effects on blood pressure, blood
flow dynamics,
underscore its pivotal role in cardiovascular
management.

and vascular resistance

The clinical application of nitroglycerin
therapy requires careful consideration of
individual patient factors and vascular bed
specificity to optimize treatment outcomes
and ensure patient safety.
nitroglycerin remains a cornerstone in the
therapeutic arsenal against cardiovascular
conditions, contributing significantly to
improved patient outcomes and enhanced

cardiovascular health.

In summary,
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