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Abstract

The article is presented in the form of a review and analysis of the literature, which additionally helps to reveal the mechanisms of the pathogenesis of the development
of atherosclerosis. This article provides a completely new understanding of the stages and sequence of atherosclerosis development. The modern vision is refuted,
which states that all types of lesions in atherosclerosis are developed successively, one after another. The article sheds a light on a significant difference between type
IV atherosclerotic lesions and between types V and VI atherosclerotic lesions. Type IV atherosclerotic lesions consists of one lipid core with molten extracellular lipid.
Stretches the middle and outer layers of an artery from one side and protrudes beyond the anatomical artery dimensions over the years. In contrast, type V atherosclerotic
lesions type is a long, concentric, soft, strong, elastic, yellow, uniform structure, in the form of a tube with a hole in the middle, located in the lumen, which is easily removed
from the artery. This types V and VI atherosclerotic lesions - the author suggests calling “cylindrical cholesterol plaque”. Type V atherosclerotic lesions (cylindrical
cholesterol plaque) has nothing to do with types I-V atherosclerotic lesions. There are many “coincidences” that make it impossible to see the difference between them.
Type V atherosclerotic lesions (cylindrical cholesterol plaque) is an independent pathological structure that appears in a short period of time (few minutes) in the lumen
of a healthy artery in case of artery spasm and appearance of a strong obstruction to blood flow. Low density lipoproteins are retained within the wall, in front of the site
of arterial narrowing, and quickly create a CCP in the form of a hollow cylinder. All subsequent forms of types V and VI atherosclerotic lesions - concentric and eccentric,
are the result of the destruction of the original concentric structure of the type V atherosclerotic lesions (cylindrical cholesterol plaque).

Abbreviations LDL- low density lipoproteins;

ASL- atherosclerotic lesions;

ASL(I)- type I atherosclerotic lesions;
ASL(IV)- type IV atherosclerotic lesions;
ASL(I-1IV)- types I-1IV atherosclerotic lesions;

ASL(V)(CCP)- type V atherosclerotic lesions (cylindrical
cholesterol plaque);

ASL(VI)- type VI atherosclerotic lesions;
ASL(V-VI)- types V and VI atherosclerotic lesions;

LC- lipid core with molten lipids;

CCP- cylindrical cholesterol plaque;

FC- fibrous cap;

FCCP- friable cylindrical cholesterol plaque;
SCCP- soft cylindrical cholesterol plaque;
DCCP- dense cylindrical cholesterol plaque;
OCCP- old cylindrical cholesterol plaque;

MFC- macrophage foam cells;

VV- vasa vasorum;
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Introduction

The manuscript is presented in the form of a review and
analysis of the literature, which additionally helps to reveal
the mechanisms of the pathogenesis of the development of
atherosclerosis. The article proposes a completely new theory
on the emergence and development of Atherosclerosis (AS),
which clarifies the questioned differences between type IV
atherosclerotic lesions (ASL [IV]) and type V atherosclerotic
lesions (ASL [V]). In classification of AS there is a description
of six types Atherosclerotic Lesions (ASL) [1,2].

According to the generally accepted theory - all types of
lesions develop successively, one after another - from type
I atherosclerotic lesions (ASL [I]) to ASL (VI). They can be
subdivided into 2 large groups: types I-V atherosclerotic
lesions (ASL [I-IV]) and types V and VI atherosclerotic lesions
(ASL [V-VI)).

ASL (IV) consists of one lipid core (LC) with molten
extracellular lipid, stretches the middle and outermost layer
of an artery and protrudes beyond the anatomical artery
dimensions over the years [1] Figure 1 (Figure 1.4-1.6).

Figure 1:

1.1) Arterial wall at the level of classic type IV atherosclerotic lesions
(popular opinion). Does not correspond to the data specified in the 1995
classification. Many believe that LDL enters the “intima” through the damaged
endothelium. The lipid nucleus is located just behind the damaged endothelium.
The endothelium is stretched and damaged. The middle and outer layers of
the artery are never stretched. The LC size increases only in the lumen of the
artery. In practice, there is no situation when type IV atherosclerotic lesions
has a “large lipid core under the stretched endothelium” and there are normal,
non-stretched layers of the artery [3]; 1.2) Type IV atherosclerotic lesions cross-
section (popular opinion). Similar to (paragraph 1.1) [3]; 1.3). The real location
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of the LC in intimate part. Type IV atherosclerotic lesions in coronary artery [1].
The LC is located far from the endothelium, close to the middle layer of artery.
The MFCs are located close to the LC. There is an area of healthy intimate
region (HI) without inflammation, without MFC, LDL, with a very small
number of macrophages Between the MFC and the lumen of the artery. LDL
and macrophages enter the lipid nucleus only from the outer layer of the artery,
through the “vasa vasorum”[1]; 1.4-1.6) The longitudinal and transverse
section of the types I-1V atherosclerotic lesions, according to the classification
[1,2], looks like a tubercle that protrudes beyond the anatomical dimensions of
the artery. Also looks like a tubercle protruding inward (into the lumen) of the
artery in type IV atherosclerotic lesions. Always limited to a few millimeters LC
length. Always contains liquid lipids in the lipid core. There is always an area of
healthy intima near the endothelium. Always has a whole endothelium. Never
has a fibrous cap. Always stretches the middle and outer layer of the artery. It
always has blood vessels that start from the outer layer of the artery [5].

CC - cholesterol crystals; DI - damaged artery intima; E - endothelium;
HI - healthy intima of the artery; LC - lipid core with molten lipids; LDL - low
density lipoprotein; M - single macrophages; MFC - macrophage foam cells;
Nal - normal artery layers; Sal - stretched artery layers; VV - vasa vasorum.

In contrast, ASL (V) is along, concentric, soft, strong, elastic,
yellow, uniform structure, in the form of a tube with a hole in
the middle, located in the lumen, which is easily removed from
the artery without damaging its walls. This cylindrical - the
author suggests calling “cylindrical cholesterol plaque” (CCP)
(Figures 2,3).

Figure 2:

2.1) There is a long, soft, elastic, strong, solid, yellow tube in the form of a
hollow cylinder located in the arterial lumen, have a concentric arrangement.
Endothelium is located between “intima” and the external wall CCP. The blood
passes through a narrow passage in the center of CCP. Always has FC [6,7];
2.2) CCP has a concentric shape, is easily stretched in different directions with a
balloon and fixed with a stent. The anatomical dimensions of the artery do not
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Figure 1: Types |-V atherosclerotic lesions consists of one lipid core with molten extracellular lipid. Stretches the middle and outermost layer of an artery and protrudes

beyond the anatomical artery dimensions over the years.
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change [8]; 2.3) Branching of the CCP in the lateral branches of the artery in the
carotid sinus. CCP follows the contours of the artery, is located on all sides, close
to the artery wall. Blood flows inside the CCP and moves away from the artery
walls. The anatomical dimensions of the artery do not change [6,9-11]; 2.4)
Dissection of the artery. The strong outer wall of the CCP can break away from
the inner artery wall so that blood can flow between the CCP and the artery
wall, forming a pathology - an arterial dissection [12]; 2.5) FC damage and
penetration of macrophages into the CCP wall, LC formation in the CCP wall.
The LC is located only inside the CCP wall [13]; 2.6) Blood clot formation at
the site of FC damage [14]; 2.7) calcium crystals deposition in the CCP wall.
All subsequent forms of types V and VI atherosclerotic lesions, concentric and
eccentric, are the result of the destruction of the original concentric structure
of the CCP. The artery wall near CCP does not have inflammation, VV and LC,
bleeding sites, protruding parts, sprain of the artery membranes, has a normal
appearance of the inner and outer surfaces [15]; 2.8) Use of instruments having
a form of ring and cylinder to remove CCP, in case of types I-V atherosclerotic
lesions, there are no such instruments [16,17]; 2.9) The artery wall that is intact,
without inflammation, without tubercles and necrosis, can be easily turned
inside out [18,19]; 2.10) Branching of the CCP in the lateral branches in the
arteries of the heart. The anatomical dimensions of the artery do not change
[20,21]; 2.11) X-ray with contrast agent and longitudinal section of the artery
with CCP. Bleeding in the LC. LC located in the CCP wall itself, immediately
under the FC. The artery wall remains intact. CCP consists of LDL only. The
anatomical dimensions of the artery do not change. When examining CCP it

can be seen that CCP pinches the artery evenly on all sides of the artery. It can
be seen that the blood passes through a narrow passage in the center of CCP
[6,14,22]; 2.12) Formation of CCP in the vortex when a strong narrowing of the
arterial lumen occurs. All blood cells easily pass into formed narrow opening,
and only low density lipoproteins (LDL) are retained within the wall, in front of
the site of arterial narrowing, and quickly create a CCP in the form of a hollow
cylinder [23-25].

AD - Dissection of the artery; B- Balloon; Ca- Calcium crystals deposition;
CCP- Cylindrical Cholesterol Plaque; DCCP- Dense Cylindrical Cholesterol
Plaque; E- Endothelium; FC- Fibrous Cap; FCCP- Friable Cylindrical Cholesterol
Plaque; I- Intimate area; LC*- the lipid core is located not within the arterial
wall, but within the wall of the CCP itself; OCCP- Old cylindrical cholesterol
plaque; SCCP- Soft cylindrical Cholesterol Plaque; St- Stent; TR- Blood Clot.

Figure 3:

3.1-3.10) There is a long, soft, elastic, strong, solid, yellow tube in the
form of a hollow cylinder located in the arterial lumen, have a concentric
arrangement. CCP follows all the contours of the artery. The blood passes
through a narrow passage in the center of CCP. Always has FC. CCP can have
any length - from a centimeter to tens of centimeters. The outer wall of the
CCP is always smooth and does not depend on the presence of an LC inside
the wall of the CCP [26-28]; 3.1-3.7, 3.9,3.10) The length of types V and VI
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Figure 2: Concentric cylindrical cholesterol plaque (CCP). CCP is an independent pathological structure in the lumen of a healthy artery, consists entirely of LDL.
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atherosclerotic lesions in the carotid artery is more than 3 cm. CCP is located
both in the central artery and continues in its branch. The LC is located only
inside the CCP wall. 3.8) The length of the types V and VI atherosclerotic lesions
in the arteries of the lower extremities more than 10 cm. CCP may appear after
stent placement. The CCP was removed from the superficial femoral artery 2
weeks after stent implantation.

FC- Fibrous Cap; LC*- the lipid core is located not within the arterial wall,
but within the wall of the CCP itself; OWP - outer wall CCP; St - stent.

Figure 3.1-3.8 Images courtesy of Dr. Mikhaylov 1. Ph.D. in medicine.
Leading vascular surgeon. Clinical Hospital of the Academy of Sciences in St.
Petersburg [26].

Figure 3.10 Image courtesy of Natus Medical Incorporated, natus.com [28].

The scientific and medical literature doesn’t provide a
description of the “transitional state” between ASL (IV) (small
tubercle) [1-5] and ASL (V)(CCP) (tube in the form of a hollow
cylinder (6-22,26-28], often without a “lipid core” [6,8-
14,16-21,25[).

In case of ASL (IV), according to the current theory,
macrophages should meet with low density lipoproteins
(LDL) immediately behind the single layer endothelium. And
it is here, in the intima, just behind the endothelium, that

macrophage foam cells (MFC) should form, which then form
LC with extracellular lipids [3].

Real histological sections ASL (I-IV) show the opposite
arrangement of the LC and healthy intima. LC is located on
the side of the intima opposite to the endothelium, the border
with the middle layer of the artery. There is a region with a
completely healthy intima between the LC and the endothelium.
There are no signs of inflammation, damage, accumulation of
LDL and macrophages in this area [1] (Figure 1.3).

Long-term inflammation causes stretch of the middle and
outer walls of the artery. The “vasa vasorum” (VV) allows
inflammatory cells, erythrocytes, and lipoproteins to penetrate
into the arterial wall from the outer layer (Figure 1.3-1.6)
[29,30].

The presence of a normal, non-inflamed intima between the
MEFC and the endothelium suggests that there is no penetration
of macrophages and LDL from the side of endothelium. The
concept is defined as an “outside-in” movement [31].

Therefore, the development of ASL (I-1V) does not depend
on any way of the state of the endothelium, which means that
ASL (I-1V) cannot in any way be associated with the processes
occurring in the arterial lumen and cannot be connected with

OWP LC*FC

OWP LC*FC

33

FC LC* OWP

LC* OWP FC
\ 1l

3.9

Figure 3: Concentric cylindrical cholesterol plaque (CCP) after removal of from the artery retains its shape and looks like a “solidified silicone”.
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the development of ASL (V-VI) , which develops only in the
arterial lumen.

Features and characteristics that create a false impression
that the ASL (IV) and ASL (V)(CCP) types are similar to each
other.

Coincidence 1

ASL (IV) and ASL (V)(CCP) always appear in the same places
- carotid artery, cerebral arteries, heart, aorta and the lower
extremities, but at the same time look different.

ASL (IV) (Figure 1):

- Looks like a tubercle protruding from the one side of the
arterial wall [1]

- Limited by the LC length of a few millimeters [1]

- Always has an eccentric arrangement in the artery, and
always stretches the middle and outermost layer on one
side of the artery, blood is always pressed only against
the opposite arterial wall [1]

- Always located in the outer part of the intima, at the
border with the middle layer of the artery [1]

- Always has endothelium and healthy intimate part from
the side of the arterial lumen [1]

- Never has fibrous cap (FC) [2]

- does not have a rigid structure that could retain its
shape when removed from the artery wall, since there
is a molten mass of extracellular lipids [1]

- luminal narrowing of artery does not occur until the LC
occupies up to 40% of the potential lumen area within
the wall [32] or until an 80% increase in external arterial
size is achieved [33]

- ctive germination of VV [29,30]
ASL (V) (CCP) (Figure 2,3) in contrast, looks different:

- there is a long, soft, elastic, strong, solid, yellow tube
in the form of a hollow cylinder located in the arterial
lumen, have a concentric arrangement [6-22,26-28]

- has yellow color of surface, both inside and outside [6,
8-10, 12,14,16-21,26-28]

- Often has a homogeneous elastic structure without
impurities, inflamed areas, areas of necrosis, bleeding
and VV [6,8-14,16-21,25]

- When removed from the artery, retain its cylindrical
shape and looks like “solidified silicone” [6,9-11,16,18-
21,26-28]

- can exactly copy the contours of the branching of the
artery [6,9-11,18-21]

can be easily separated from the arterial walls without
causing damage to it. The walls of the artery are always
smooth and clean, without tubercles and infiltrations
[6,9,11,12,16-21]

can have any length - from a centimeter to tens of
centimeters: the length in the carotid artery and heart
vessels is more than 5 cm [6,8-11,13,19-21], in the lower
extremities more than 10 cm [16,26]

can have several layers which are superimposed on each
other [7]

Never has single-cell endothelium in the arterial lumen

(1]
Always has FC [1]

may contain calcium deposits that do not extend beyond
the normal size of the artery on X-ray examination [15]

can be separated from the arterial wall with the help of
ring-shaped instruments [16,17]

is easily stretched in different directions with a balloon
and fixed with a stent [8,26]

During surgery can exfoliate into parts identical in
structure and color without inflammation and necrosis
[17,18]

Many doctors call the CCP - “altered artery
intima”[6,16,19]

can have a strong structure of the outer and inner
surfaces due to the numerous fibrotic fibers that form
the FC and the fibrous layer between ASL (V-VI) and the
artery wall [1,6,9-12,16,19-21,26-28]

the outer wall can break away from the inner artery
layer so that blood can flow between the ASL (V-VI) and
the artery inner layer, forming a pathology - an arterial
dissection, in contrast to ASL (I-IV), in which cannot
be detachment of intima, since the intima near the ASL
(I-1V) and in other places has a very small thickness
(0,3-0,5mm) and weak structure and cannot physically
maintain the blood flow for a long time, and also cannot
be seen during research [12]

During the surgery to remove ASL(V-VI), its
“predecessor” - ASL(IV) is completely absent [6-
22,26-28].

Coincidence 2

LDL are present in ASL (IV) and ASL (V) (CCP), but their
quantity and distribution are different:

ASL (IV) (Figure 1) there is a very small amount of LDL
in the intima, close to the MFC. All LDL are absorbed
by MFC. At the same time, there is no LDL between the
MEC and the endothelium in the healthy intimate part
(1]
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- ASL (V) (CCP) (Figure 2,3) in contrast, is not connected
with the intima, is located only in the arterial lumen,
consists entirely of LDL. CCP, when it comes to the
color and structure, looks like LDL in “xanthomas”
with the familial hypercholesterolemia - dense, yellow,
homogeneous mass [6,8-10, 12,14,16-21,26-28].

Coincidence 3

ASL (IV) and ASL (V)(CCP) always have macrophages, but
their numbers and distribution are different:

- ASL (IV) (Figure 1), a small number of macrophages in
the intimate part are located near the MFC. Macrophages
that have become MFC are located near the LC. Only
single macrophages are present in the healthy intima
between the MFC and the whole endothelium (Figure
1.3) [1]

- ASL (V)(CCP) (Figure 2,3) in contrast, consists of LDL
only. Macrophages accumulate in ASL (V)(CCP) wall
only at the sites of random ruptures of the FC [13,14,26-
28]. There is no presence of MFC in the artery wall in
the area of ASL (V)(CCP) [6,9-11,16-19].

Coincidence 4

ASL (IV) and ASL (V)(CCP) might have LC, but in different
places:

- ASL (IV) (Figure 1) - LC is located within the artery wall,
in the intima, at the border with the middle layer. ASL
(IV) always contains one LC - limited by length of a few
millimeters (Figure 1.3) [1]

- ASL (V) (CCP) (Figures 2,3) in contrast, from the very
beginning of ASL(V)(CCP) appearance LC may be
completely absent. With “aging” and FC rupture, the
lipid core is located not within the arterial wall, but
within the of the CCP itself. The LC is removed together
with ASL (V) (CCP) [13,26-28]. The artery walls near
ASL (V) (CCP) doesn’t have LC [6,9-11,16-19].

Coincidence 5

ASL (IV) and ASL (V)(CCP) may mechanically overlap the
arterial lumen, but ASL(IV) and ASL(V)(CCP) overlap the artery
in different way:

- ASL(IV) (Figure 1), a dense tubercle, which has been
growing for decades, is located on one side of the artery,
has a limited length, is always eccentrically located in
relation to the arterial lumen [1-5]

- ASL (V)(CCP) (Figures 2,3) in contrast, is a long,
concentric in the form of a tube with a hole in the
middle. the blood passes through a narrow passage in
the center of ASL(V-VI) [6,8,11-14,16-19,26-28].

Coincidence 6

ASL (IV) and ASL (V)(CCP) may cover an artery due to blood
clotting, but in different situations:

- ASL (IV) (Figure 1) do not cause blood clots in the arterial
lumen - in case of ASL(IV), the unicellular endothelium
is never damaged [1]

- ASL (V)(CCP) (Figures 2,3) in contrast, a blood clot is
formed by rupture (erosion) of a thin TCFA (thin-cap
fibroatheroma) above the LC [13,14,26-28].

Coincidence 7

ASL (IV) and ASL(V)(CCP) can theoretically be removed
from the artery, but in practice only ASL(V-VI) are removed:

- While viewing the videos that were made during
the removal of “ASL”, the author has never seen the
removal of the ASL (I-1V)

- Absolutely all “ASL” removed during surgery refer to
ASL (V-VI) type (Figures 2,3) [6,9-11,13,14,16-21].

The main conclusion that appears after conducting a study
as to the difference between ASL (I-1V) and ASL (V-VI) is very
simple: ASL (V-VI) have completely different structure and
origin in comparison with ASL (I-IV).

Problems with etiology and pathogenesis

AS is considered a progressive chronic inflammatory
disease [34,35] with systemic manifestations [36].

In practice, not “all” vessels are inflamed. ASL appear only
in certain places of the vascular bed, and at the same time there
are arteries and veins without ASL. This arrangement of ASL
refutes the systemic nature of the process in AS and shows
that absolutely all systemic factors (in the form of systemic
inflammation, type 2 diabetes, smoking, the consumption of
fatty foods, sedentary lifestyle, increased weight body, increase
in the level of LDL) - cannot have an impact on the appearance
and development of CCP.

Difficult hemodynamic conditions also cannot be described
as the main reason for the formation of ASL. Healthy people
also have such places, and also in a patient while he was still
absolutely healthy.

There is a single factor that can connect specific sites in the
artery and the rapid response of the artery to this factor. This
can only happen when a pathological electrical signal arrives
from the autonomic nervous system (ANS).

Acute, extreme stress can provoke acute, lethal myocardial
infarction [37] or cardiac arrhythmia in very short periods of
time. Above-mentioned diseases cold arise in people because of
earthquakes [38,39], missile strikes [40], and football penalties
broadcasted on television [41].

Pathogenesis of CCP formation

Pathological commands coming from the ANS cause artery
compression in specific areas. The arterial lumen is narrowed
to such an extent that only a small opening for the blood

passage remains.
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Taking into account that the artery has a circular shape -
an obstruction, in case of artery compression, looks like a ring
inserted into the arterial lumen.

Almost all blood cells can pass into the formed narrow
opening, and only LDL, which have certain physical properties,
enter the vortex regions in front of the constriction, and retain
in the form of a ring (Figure 2.12).

When the first ring from the LDL is formed, a new vortex
zone is also formed, which triggers the formation of a new ring
from the LDL. The ASL(V)(CCP) follows the artery contours, in
a few minutes, in case of strong artery compression, ASL(V)
(CCP) of any length can be formed, and most importantly, it
always has cylindrical shape (Figures 2,3).

The pressure on the artery wall in a narrow section
(inside the CCP) is significantly smaller than it was before
the CCP appearance, according to hydrodynamics [23-25].
Baroreceptors determine the decrease in arterial pressure (AP)
and transmit incorrect information. The presence of CCP in the
carotid sinus area causes persistent AP elevations.

Classification of CCP
The author proposes the following classification:
- Friable cylindrical cholesterol plaque (FCCP);
- Soft cylindrical cholesterol plaque (SCCP);
- Dense cylindrical cholesterol plaque (DCCP);
- 0ld cylindrical cholesterol plaque (OCCP);

Friable cylindrical cholesterol plaque (FCCP): the original
form of CCP, in which LDL are accumulated in the form of a
tube in front of obstruction, in case of arterial compression, but
not yet attached to each other. When the artery spasm stops,
the LDLs from FCCP can easily return to the vascular bed, this
and ensures a “pathological increase in the level of LDL” in the
blood [42].

Soft cylindrical cholesterol plaque (SCCP): If the vasospasm
continues for a long time - the FCCP has not destructed.
LDL are glued together by fibrous filaments. SCCP becomes
completely similar copy of the artery wall. FC gradually forms
between the LDL and the vascular bed. Blood flows inside the
CCP and evenly moves away from the artery walls (Figures 2,3);

Dense cylindrical cholesterol plaque (DCCP): When the
YCCP is inside the artery for a long time, the fibrous connection
between the LDL is strengthened, the connection with the
artery intima is strengthened, and the FC becomes tighter.
Separation of the outer layer of the CCP from the inner layer of
an artery may cause the artery dissection (Figure 2.4).

Old cylindrical cholesterol plaque (OCCP): Gradually, the
part of the DCCP in which no necrosis or inflammation has
occurred can gradually dissolve. The rest of DCCP transforms
into eccentric ASL (V-VI) - with foci of necrosis, bleeding,
emboli and blood clots. Later calcium crystals are deposited in
these places, instead of LDL. All subsequent forms of ASL (V-

VI), concentric and eccentric, are the result of the destruction
of the original concentric structure of the CCP - ASL (V).

Conclusion

New theory explains, why during the surgery to remove
ASL, artery wall can be absolutely healthy, explains how a
concentric, long, soft, elastic, firm CCP with no LC and other
lesions appears inside the artery. Explains why CCP has yellow,
solid color on all sides and why it can be easily separated from
the artery wall without bleeding in the artery wall. Explains
how a person who has “factors” and “risks”, for decades can
be absolutely healthy but eventually get to the hospital with
vascular problems only after a nervous tension. It also explains
why healthy people, who lead a healthy lifestyle, without
bad habits, without “factors” and “risks”, also end up in the
hospital with ischemic disorders [43].

Understanding the mechanism of pathological LDL increase
in blood can help restore LDL levels in blood, by restoring ANS
function and controlling vasoconstriction.

Preventing the formation of CCP in the vessels can prevent
calcium deposits in the arteries and provide adequate nutrition
to the limbs.

Control over vasoconstriction can be provided with drugs
that prevent compression of the arteries, and also, it is
possible, that control over vasoconstriction can be provided
with specialized psychological help and drugs that restore the
normal functioning of the CNS and ANS.
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