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You've explained the process very well! Let me summarize it:

1. Intake and Digestion: When you eat food containing fats, it gets digested in the
small intestine, where triglycerides are packaged into chylomicrons.

2. Chylomicrons: These transport triglycerides and cholesterol from the intestines to
the bloodstream because they are hydrophobic, and chylomicrons are hydrophilic.

3. Capillary Action: In the bloodstream, an enzyme called lipoprotein lipase breaks
down triglycerides into fatty acids and glycerol.

4. VLDL Formation: The liver repackages remaining triglycerides and cholesterol into
very-low-density lipoproteins (VLDL).

5. VLDL to IDL: VLDL carries triglycerides and cholesterol to tissues, where
triglycerides are broken down. The remaining particles become intermediate-density
lipoproteins (IDL).

6. IDL to LDL: IDL is further processed to become low-density lipoproteins (LDL), which
carry cholesterol to various tissues.

7. HDL Function: Excess cholesterol is picked up by high-density lipoproteins (HDL)

and returned to the liver for storage or excretion.

This process ensures that the body maintains a balance of fats and cholesterol. If you
have any specific questions, feel freetoz



Exactly! The process you've described is to manage and regulate the levels of
triglycerides and cholesterol in the blood. When you eat, especially foods high in fats,
your body needs to transport and process these lipids efficiently. Here's why:

1. Preventing High Triglycerides: High levels of triglycerides in the blood can be
harmful. The body uses chylomicrons to transport triglycerides from the intestines to
tissues where they can be used or stored.

2. Balancing Cholesterol: While managing triglycerides, the body also regulates
cholesterol. It uses different lipoproteins (like VLDL, IDL, and LDL) to transport
cholesterol to various tissues.

3. Maintaining Balance: The liver helps maintain a balance by converting excess
triglycerides and cholesterol into forms that can be used or stored as needed.

So, yes, the entire mechanism helps the body handle the fats and cholesterol you
consume, ensuring they are distributed properly and not in excess in the bloodstream.
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Second Question: Atherosclerosis and Exanthomas in Hyperlipidemia
Types

You're correct that different phenotypes of hyperlipidemia can cause the accumulation
of lipids, but not all of them cause atherosclerosis. Specifically, Type I hyperlipidemia,
which involves chylomicrons, doesn't typically lead to atherosclerosis but can cause
lipid deposits in tissues, often leading to xanthomas (fatty deposits in skin or tendons).
The other phenotypes, which involve different types of lipid particles (such as LDL or
VLDL), can cause atherosclerosis in arteries, while still being associated with
xanthomas in other tissues like the skin, tendons, or eyelids.

To summarize:

- Type | (chylomicron-related): Leads to lipid accumulation outside the arteries (like
xanthomas) but not atherosclerosis.

- Other types (e.g., Type lla, Type lIb, Type lll, etc.): These types cause
atherosclerosis in arteries and can also cause xanthomas elsewhere.

So, the answer to your second question is that, yes, these lipid accumulation
phenotypes (like in Type I) involve lipid buildup in non-arterial sites, such as the skin
(resulting in xanthomas), but atherosclerosis typically occurs in the arteries in other
phenotypes, like Type Il



Classification of Hyperlipidemia: Atherosclerosis and Xanthoma
Association

Type of Xanthoma (if present) Causes Xanthoma? Causes Atherosclerosis? Type

Eruptive Xanthoma Yes X No Type | (Chylomicronemia)

Tendinous Xanthoma, Yes Yes Type lla (Eamiliad -

Xanthelasma Hypercholesterolemia) 7 cwold

Tendinous Xanthoma, Yes Yes Type IIb (Familial Combined

Xanthelasma, cornexul Artus Hyperlipidemia) W

Tuberous Xanthoma, Palmar Yes Yes Typelll o w

Xanthoma (Dysbetalipoproteinemia)

- XK No Yes Type IV (Familial
Hypertriglyceridemia)

Eruptive Xanthoma Yes Yes Type V (Mixed

Hyperlipidemia)
Notes:

- Xanthomas are fatty deposits that appear in various parts of the body, commonly on
the skin, tendons, and around the eyes.

- Atherosclerosis refers to the build-up of fatty plaques in the arteries, which is seen
more commonly in higher types of hyperlipidemia (like Type Il and Type llI).

- The types of xanthomas are classified based on their appearance and location (e.g.,

tendon xanthomas, xanthelasmas, tuberous xanthomas, eruptive xanthomas).

This should help clarify which phenotypes lead to which conditions! Let me know if you
need further clarification on any of these points.



Eruptive skin
xanthomata
characteristic  of
severe
chylomicronemia.

Tuberoeruptive and
tuberous xanthomata
typical of familial
dysbetalipoproteinemia.
A. Knee B. Palm.

Tendon xanthomata: typical of

heterozygous familial

hypercholesterolemia. Similar

xanthomata occur in patients Y 9

with familial defective ’ ‘\ s M
apolipoprotein B-100, 3 2N by &
cerebrotendinous xanthomatosis, Xanthoma striatum palmare
and sitosterolemia. characteristic of familial

dysbetalipoproteinemia.



Introduction

® Lipids are not present in free form in plasma; circulate as
lipoproteins (complexes of lipids and proteins), they are
transported in blood using lipoproteins.

® Cholesterol is essential for cell membrane formation &
hormone synthesis.

Bad (LDL)

stores cholesterol in the
blood stream

Good (HDL)
regulates LOL storage and

) d B Inner hydrophobic core

* Lipoproteins:  spherical  macromolecular of esterified cholesterol
p F and triglycerides Unesterified
complexes with SURFACES that consist € cholesterol

largely of “phospholipid, free cholesterol,
and apolipoprotein” and CORES composed

mostly of  “triglyceride and cholesterol

ester”.

* Function: To keep the lipid-soluble for
transporting them between organs and also
provide an cfficient mechanism for delivering o0 o0 00iorein
their lipid contents to the tissues.



. . .
Hyperlipidemia
® Hyperlipidemia is defined as an clevation in total cholesterol, LDL.,

triglycerides, or low HDL concentration OR some combination of these

abnormalites.
Lipoproteins
©1. Chylomicrons: S s S
* Lowest density. 4. LDL (low-density lipoprotein):
* Synthesized in the gut wall. | * Composed of approximately 50% cholesterol.

* Mainly transport dietary tnglycenides from the small intestine into the blood. o Main carrier of cholesterol from the liver to tissues.

* Internalized into cells bound to a specific cell-surface LDL receptor.

2. VLDL low-density li teins):
S e P LIS * “Bad cholesterol” due o its role in atherosclerosis,

* Synthesized in the liver.

¢ Contains approximatcly 50°% tiglycerides with the remainder; roughly equal amounts of
phospholipids and cholesterol.

5. HDL (high-density lipoprotein):
* May be converted to IDLs in the blood. o —

* Synthesized in the hiver.
3. IDL (intermediate-density lipoproteins): i * Carries cholesterol from the tissues and plasma back to the liver.
* Composed of approximately oqual of wglycenides, phospholipids, and chol l. ! * “Good cholesterol”™ because it removes cholesterol from the circulation; high circulating HDL
* Precursor for LDLs levels associated with a reduced potential for atherosclerosis.
s " @
— A. Lipoproteins
Chylomicrons VLDL LDL HDL
Triacylglycerols 0.08
Cholesterol
esters 0.86 g/g / ‘
Cholesterol | 0w ” -
Phospholipids AR U /0: Loos
41002 015
Frotens 002 Lo - 04
Diameter 80-500nm ca. 50nm ca. 20nm ca. 10nm
Apolipoproteins | Al Bg, CII+NILE Byoo. CH+I0E Byoo CILE |ALIISIV.CH.D




Apolipoproteins

* These proteins have three functions: * Apo C-1I is a cofactor for lipoprotein lipase, which releases fatty acids and glycerol
from chylomicrons, VLDL and IDL.

* Apo C-IIl downregulates hpoprotein lipase activity and interferes with the hepatic
uptake of VLDL remnant particles (may emerge as an important marker of
atherosclerosis and provide a way for chnicians to identfy patients requiring

* Apo B and E protcins arc ligands for LDL receptors: A C LA

* Apo A-l prowin acuvates LCAT (leathin-cholesterol acyltransferase), which
catalyzes the estenificanon of free cholesterol in HDL particles.

* Provide structure to the lipoprotein, activate cnzyme systems, bind with cell
receptors,

* The five most clinically relevant apolipoproteins are A-I, A-11, B-100, C, and E:

* The blood concentration of apolipoprotein B-100 is an indication of the
total number of VLDL and LDL particles in the circulation. An increased
number of lipoprotein particles (i.e., an increased apolipoprotein B-100 * Levels of apolipoprotein A-1 have a stronger aurere corrclation with CHD risk.

HDL. particles that contain only A-I apolipoproteins (LpA-I) are associated with

2 lower CHD nisk than are HDL particles.

® VLDL sccreted from the liver: converted to IDL then LDL ¢ LDL also excreted in bile:

*® joins the enterohepatic pool.

concentration) is a strong predictor of CHD risk,

* climinated in stool,

® Plasma LDL has taken up by receptors on the liver, adrenal, & peripheral cells:
*® recognize LDL apolipoprotein B-100,

® DL can be oxidized in subendothelial space of arteries:
® Oxidiged LDL. in artery walls provokes inflammratory response,
* LDL internalized & degraded by these cells * Monocytes recruited & transformed into macrophages.
. s g on s . oo bedestersd boden foeow el
* Increased intraccllular cholesterol levls inhibits HMG-CoA reductase & g

decreases LDL receptor synthesis.

* rosules in

® Foam cells: beginning of arterial fatty streak,

® If processes continue angina, stroke, MI, peripheral artery discase, arrhythmias,

death. -
1 APe A et LCAT Actwaten
Tcr proten o
- which
e sk e o Chetewerol metabotwn
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diagrammatic representation
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Etiology
e ® There are two major ways in which dyslipidemia are classified:

1. Primary: when the disorder is not due to an identifiable underlying discase.

4) Phenotype (Fredrickson-Levy-Lees), or the presentation in the body (including the 2. Secondary: should be initially managed by correcting underlying abnormality when
specific type of lipid that is increased). possible.

1) Genetic, this classification can be problematic, because there are over 500 different  §* Current laboratory values can not define underlying abnormality.
mutations of the apolipoprotein gene. However, there are a few well-defined genetic
conditions that are usually casy to identify.

Li otein Abnormalities: 2° Causes
* Primary lipoprotein disorders: 6 Pheno categorics: o
ary lipopi type 2o TR e * Med 3
C of the Hyperip ( Phpeabinabar
Sorem S < A Barrecrny bves dacas Pongutn Pooteme bbbien
Lipoproten(s) cholestero! Faatve + Nephovais oyndnone Thiastde dhurvties + Cpehmposinn
Phenctype eevated Soveit frequency, o Assoms cervess Muripere
e el o ) ]
| Ctykoeicrons ~ Normalie T M4 «
YA { » »
1la Lot t Normad
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Type Il Broad B-VLDL (Familial dysbetalipoproteinemia) Chosaie nforions domen (1VE) & i s
Type IV Elevated VLDL (Familial hypertriglyceridemia) LI s arrgy
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Type V  Elevated chylomicrons and VLDL (mixed hyperlipidemia) " Monachond gumemopudty i 2

WHO: World Health Organization, LDL- Low density ipoprotein, VLDL: Very i
low density lipoprotein Haghs (2T ) G o osl ¥
fm’\ et Woer o O3 o F



Notes Cholesterol

Hypertriglyceridemia, often Normal
associated with eruptive
xanthomas, pancreatitis risk

Hypercholesterolemia due to  Elevated
defective LDL receptors

Combined elevation of both Elevated
triglycerides and cholesterol

Hypertriglyceridemia and Elevated
Hypercholesterolemia,
associated with xanthomas

Hypertriglyceridemia with Normal
normal cholesterol levels

Hypertriglyceridemia and Elevated
Hypercholesterolemia, often
with a high risk of pancreatitis

Triglyceride

Elevated

Normal

Elevated

Elevated

Elevated

Elevated

Lipoprotein Deficiency

Lipoprotein Lipase Deficiency

LDL Receptor Deficiency

LDL Receptor Deficiency &

Increased VLDL

Apo E Deficiency (Impaired IDL
uptake)

Overproduction of VLDL

Deficiency of Lipoprotein
Lipase/Overproduction of VLDL

Name of Disorder

Familial Lipoprotein Lipase
Deficiency

Familial Hypercholesterolemia
Familial Combined
Hyperlipidemia

Familial
Dysbetalipoproteinemia

Familial Hypertriglyceridemia

Familial Mixed Hyperlipidemia

Phenotype Type
Type 1

Type 2a

Type 2b

Type 3

'Typ04

' Type s



Disorders of lipid metabolism

* Prolonged hyperlipidemia results in the accumulation of lipid in tissues and
causes cell damage.

* Lipids may accumulate in:

a. Xanthomatosis: subcutancous tissuc (tuberoeruptive xanthomata (over
knees and clbm\'jt-_ type 111 h}pcrliplde_mm)-mglyccndc), tendons (tendon b. Atherosclerosis: Arterial )| (ChOlCSthOl).
xanthomas-familial hypercholesterolemia- type II hyperlipidemia), palm
(palmar xanthomata-type III hyperlipidemia), the cornea (corneal
arcus, xanthomas, type Il hyperlipidemia).

Xanthomas

® Xanthomas are plaques or nodules consisting of abnormal lipid deposition and
foam cells. They do not represent a disease but rather are symptoms of different
lipoprotein disorders or arise without an underlying metabolic effect.

X \ triat P (!
characteristic of famili
dysbetalipoprotel |

® Clinically, xanthomas can be classified as:

Tuberoeruptive and
tuberous xanthomata
typical of familial

¢ Eruptive, tuberocruptive or tuberous,
¢ Tendinous or planar xanthoma.

® Planar xanthomas include: A. Knee B. Palm

¢ Xanthelasma palpebrarum/xanthelasma,

¢ Xanthoma striatum palmare, Tendon xanthomata: typical of

hetcrazygous familial
hypercholesterolemia. Similar
xanthomata occur in  patients
with familial defective
apolipoproten B-100,

P &

® There are charactenistic clinical phenotypes associated with specific metabolic defects.
-~ -

and sitosterolemia,



®

H rlipoproteinemia Phenotypes =
L~ Hyperlipop N yp

_—

Type | - Chylomicronemia

- Lipid Profile: T Chylomicrons

- Defect: Deficiency in Lipoprotein Lipase (LPL) or
ApoC-Il -
« Atherosclerosis: X No

metiw xanthomas

Type lia - Familial Hypercholesterolemia
+ Lipid Profile: T LDL

+ Defect: LDL r deficiency or mutation in

P

ApoB-100

+ Atherosclerosis: [ Yes

« Xanth Tendon xanth & Corneal arcus

Type lib - Combined Hyperlipidemia
+ Lipid Profile: T LDL & T VLDL
« Defect: Overproduction of VLDL & decreased

clearance of LDL

- Atherosclerosis: [ Yes
+ Xanthomas: X No

®
Type IV - Hypertriglyceridemia

« Lipid Profile: ™ VLDL

clearance
- Atherosclerosis: [ Yes

- Xanthomas: X No

- Defect: Increased VLDL production & decreased

Type lll - Dysbetalipoproteinemia
- Lipid Profile: T IDL & B-VLDL
- Defect: ApoE2 mutation (defective ApoE)
- Atherosclerosis: [ Yes

« Xanthomas: Tuberous xanthomas & Palmar,
xanthomas

Type V - Mixed Hyperlipidemia
+ Lipid Profile: T Chylomicrons & ™ VLDL

+ Defect: Decreased LPL activity or increased VLDL
production

- Atherosclerosis: [ Yes

+ Xanthomas: Eruptive xanthomas

©




Location
Skin

A. Knee B. Palm

Tendons (Achilles, hands)

Palm

Associated Condition

Severe chylomicronemia

Familial
dysbetalipoproteinemia (Type
Il Hyperlipidemia)

Heterozygous familial
hypercholesterolemia

Familial
dysbetalipoproteinemia (Type

)

Type of Xanthomata

Eruptive Skin Xanthomata

Tuberouptive & Tubercous
Xanthomata

Tendon Xanthomata

Xanthoma Striatum Palmare




Familial LPL deficiency

. _ lipoproline lipase .
DeFlc\ch‘ - ©lipo inelPicint
-7 / ® Apo - €13 < gypuntion

® Apo-C1Ilh

. i ‘'yee T
when lsay LPL — Ispoptoh‘m\ipﬂse - G)ckymnmns — \'Yp
" / © cnyromicrons + VLOL = Fype V

® LPL is normally released from vascular endothelium or by heparin and hydrolyzes
chylomicrons and VLDL.

® Familial LPL deficiency is rare.

® Diagnosis is based on low or absent enzyme activity with normal human plasma or

apolipoprotein C-11, a cofactor of the enzyme.

¢ Type- 1 lipoprotein pattern (chylomicrons): ® Type V (VLDL and chylomicrons):
® Charactenized by a massive accumulation of chylomicrons and a corresponding £ ®
: Z 2 VLD R ©
e e - oM no'mﬂ'@ ® * Abdominal pain, pancreatitis, eruptive xanthomas, and peripheral polyneuropathy.

® Presenting manifestations include repeated attacks of pancreatitis and abdominal
pain, cruptive cutancous xanthomatosis, andohsmmsnlcnomcgaly beginning in
childhood.
® Symptom seventy is proportional to dietary fat intake and consequently to the
clevation of chylomicrons.
5 @ Accelerated atherosclerosis is not associated with the discase.

* Symptoms may occur in childhood, but usually the disorder is expressed at a later
age.
® The risk of atherosclerosis is increased with the disorder.

® Patients commonly are obese, hyperuricemia, and diabetic, and alcohol intake,
exogenous estrogens, and renal insufficiency tend to be exacerbating factors.



Familial hypercholesterolemia

b ciove tor
»* hyptf' cholestrolemia — cwolestrole 1 = LpL problem — Iype e —> Peficicys LDL receplro

yype Wo —> Neficicys Apo— B 100

® Characterized by:

. : AR Oyl B 5% Ml 2a 85l S P JgriusdyS byd >
Selective elevation in the plasma level of LDL. e bigrze Ciiallsday DL ol oSas (Hypercholesterolemia)
Deposition of LDL-derived cholesterol in tendons (xanthomas) and arteries Uil Je Jasiy “f” b dhgsall Sl P Jls Jia o9Sy

by Sise S pal G JgskundyS)l Syl 5l (Receptor) Juiiudl

(atheromas). (U knnsdsS Jad 1) LOL b5 5100 oo Jss: B
Inheritance as an autosomal dominant trait with homozygotes more severely Sl Cao s SN Y ohots eniol i p W Lin puinj

! : ygotet bl oin guii 5o Jppeali el Sessipiedl] Sl B AU i ini
affected than heterozygotes, Wl oo W S5 ¥ il Gty Say Liag | (Phenotypic)
I So o Jlmd Sy St Jaz W e 355 G dtaal il
® The primary defect in familial hypercholesterolemia is the inability to bind LDL to the e R ligignl ola
LDL mcc.pmr (Apo B-100) or, mrcl,\;. a flCﬁ‘Cl of internalizing the LDL receptor N o 2b9 28 gl oe 6,55 L) damill
complex into the cell after normal binding, s S 2D ggll 03 I Shpidall e ety asal
5% Jsheoal (gl 335 APOD-100 02 Onipd S e 0dn
e $3ixs ) VLDL Sz (S5 P JapidsS b ) gop
.. . I ok AUiSy (Spnally JgsiusSI . )
% Reficicy LDL reccpl‘of‘ . “";‘m;,.. e IS e G 20 g9 S
@. O I Casng Loaie LU LDL (LDL Receptor) Ciliies
Homozygotes have essentially no functional LDL receptors. 5 LDL Slyps 5%as ¥ Apob-100 A5 ol las g
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in LDL receptors, . | Rsole Catlais
8903 | e meil 35 53 Ol Jariaddss MMQ
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Dysbetalipoproteinemia i )

A Knee B, Palm.,

* |DL/}3 —VLDOL — Dificincy : AP? -

® Eamilial type merlipoproteinemia (; alled, broad-band, 3 DI, : - i 3
Familial type HI hyperlipoproteinemia (also called, broad-band, or f-171.DL) ® A\ defective structure of apolipoprotein E does not allow normal hepatic

® Patients develop the following clinical features after age 20 years: surface recepror binding of remnant particles derived from chylomicrons and

' Xanthoma striata palmaris (yvellow discolorations of the palmar and digital VLDL (known as IDL

creases);
' Tuberous or tuberoeruptive xanthomas (bulbous cutancous xanthomas); ® Aggravating factors such as obesity, diabetes, and pregnancy may promote
* Severe atherosclerosis involving the coronary arteries, internal carotids, and overproduction of apolipoprotein B—containing lipoproteins.

abdominal aorta,

Type IV hyperlipoproteinemia

® Two genctic patterns
® Type IV hyperlipoproteinemia is common and occurs in adults, primarily in patients
* Familial hypertriglyceridemia, which docs not carry a great nisk for premature who are obese, diabetic, and hyperuricemia and do not have xanthomas
CVD,
® It may be secondary to alcohol ingestion and can be aggravated by stress, progestins,
* Familial combined hyperlipidemia, which is associated with increased nisk for oral contraceptives, thiazides, or B-blockers.

cardiovascular discase

Familial combined hyperlipidemia ~/

* It is associated with premature CHD and may be difficult to

* Characterized by elevations in total cholesterol and triglycerides, 4 o g ;
diagnose because lipid levels do not consistently display the same

decreased HDL, increased apolipoprotein B, and small, dense
I l)l Pil"(’rn.



Total cholesterol (LPL+HOL¥ bri)

<200 Desirable nermal

200-239 Borderline high = a0 s
240 High

LDL cholesterol

<100 Optimal

100-129 Near or above optimal s>
130-159 Borderline high

160-189 High

190 Very high

HDL cholesterol 52!

<40 Low

60 mg/dL High

Triglycerides

<150 Normal

150-199 Borderline high

200-499 High

500 Very high

All values unit are mg/dL

41



Atherosclerosis

* There are three general patterns:

There are three general patterns:

Arteriolosclerosis, affects small arteries and  arterioles and may  cause
downstream ischemic injury,
* Definition: literally means “hardening of the arteries™; it is a generic term

reflecting arterial wall thickening and loss of elasticity.

2. Monckeberg medial sclerosis, is charactenized by calcific deposits in muscular
arteries in persons typically older than age 50,

goma Cocus on 1 —

we
< Atherosclerosis, from Greek root words for “gruel” and “hardening,” is the
most frequent and clinically important pattern.

4 “hardening of the arteries”_, parest of ol deposi (PIAGUE) _, 1og1- of eloshicily (no voseular tone)

o3\ DU\ 5L s e g

+ plague — obsl-ruction of lloed Llow —> il become big and khe cup thin — rup bure =y Thrombosis

. . . . . e - Y, N '\ g r - P s -,‘ H
* Athcrosclerosis is characterized by intimal lesions called atheromas (also called \therosclerotic plaques can

atheromatons or atherosclerotic plagues) that protrude into vessel lumens, - obstruct blood flow

* An atheromatous plaque consists of a raised lesion with a soft, yellow, grumous - rupture leading to thrombosis
;«I:m of lipid (mainly cholesterol and cholesterol esters) covered by a white - weaken the undcrlying media and lhcrcby lead to ancurysm formation.
ibrous cap.



Hain —>  unslable anga
-

Cap
> \hick — Slable angaing

FIBROUS CAP — s ™"
(smooth muscle cells, macrophages,

foam cells, lymphocytes, collagen,
slastin, proteoglycans, neovasculanzation)

NECROTIC CENTER
(cell dabris, cholestarol crystals,
foam cells, calcium)

MEDIA

The major components of a well-developed intimal

48

atheromatous plaque overlying an intact media.



ogical Endothelial cell Endothelial cell Inflammation Proteolysis Lipid core & fibrous Angiogenesis Thrombosis
0SS dysfunction activation Apoptosis cap formation

Monocyle
recruitment

VCAM, ICAMI

and selectins ®
.
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stage

lesion | ] 1] v Vi
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Due to endothelial dysfunction,

- LDL particles migrate from the blood and accumulate in the arterial intima,
forming pro-inflammatory particles.

- This results in the activation of endothelial cells, which secrete adhesion
molecules.

- Smooth muscle cells, which secrete chemokines and chemoattractants,
thereby recruiting monocytes to the arterial wall.

- Upon entry, monocytes transform into macrophages, which engulf the
accumulated lipids to form foam cells which aggregate to form a lipid core.

- Plaque rupture occurs when the fibrous cap becomes thin and partially
destroyed which leads to the development of thrombus and ultimately
coronary syndrome.



Fatty
streak

Noninvasive tests:

Increasing
plaque

Obstructive Plaque fissure or
athevesel 2 ion results i
plaque thrombosis

Noninvasive tests:

normal abnormal
Endothelial Positive Exertional
dysfunction remodeling angina

Inflammatory markers
{e.g., C-reactive protein)

Clinically silent

Unstable
angina

Acute
myocardial
infarction

Death from
coronary
disease




The prevalence and severity of atherosclerosis and IHD are related to two

groups of risk factors:

I. Constitutional (non-modifiable) risk factors in IHD:| Il Acquired (Modifiable) risk factors in IHD Additional risk factors:
i l ] . ] . Inflammation
- .\gc - Hyperlipiaemia. _
Hyperhomocystinemia
- Gender - l_\'PC”L’nS“m- Metabolic syndrome
- Genetics - Cigarette smoking. - Lipoprotein (a) levels
‘ ) Factors affecting homeostasis
Diabetes Mellitus.
Other factors

- Lipoprotein (a) levels

genetically determined

e marked elevation after acute
ischemic coronary syndromes

e structurally homologous to
plasminogen

competes with plasminogen binding
sites on endothelial cell surfaces

(a2 5§ oxidized Lp(a) promotes
ApoB-100 atherosclerosis

ChO::;S;em' stimulates PAI-1 synthesis
Phospholipids risk factor for CHD events in men

(Lipid Research Clinic) and women
(Framingham Heart Study)




Pathogenesis

Atherosclerosis

* Historically, there have been two
dominant hypotheses to explain the
progress of the discase:

- one  emphasizes  intimal  cellular
proliferation.
- the other focuses on the repetitive formation

and organization of thrombi.

Atherosclerosis is produced by the following pathogenic
cvents:
Endothelial injury, which causes (among other things) increased vascular

permeability, leukocyte adhesion, and thrombosis.

Accumulation of lipoproteins (mainly LDL and its oxidized forms) in the vessel
wall,

- Monocyte adhesion to the endothelium, followed by migration into the intima and
transformation into macrophages and foam cells.

Platelet adhesion.

* Recently, the response-to-injury hypothesis
which views atherosclerosis as a chronic
inflammatory and healing response of the
arterial wall to endothelial injury was adopted.

55

- Factor release from activated platelets, macrophages, and
vascular wall cells, inducing smooth muscle cell recruitment, cither
from the media or from circulating precursors.

- Smooth muscle cell proliferation and ECM (extracellular
matrix which contains lots of inflammatory mediators and
growth factors) production.

Lipid accumulation both extracellularly and within cells
(macrophages and smooth muscle cells).



Hypedipr.lamia.. Hypertension,
Smoking, Toxins, Hemodynamic
factors, lmmun reactions, Viruses

P Monocyte adhesion and Recruitment of smooth  Cholesterol effiux via HOL

’ m

,‘ — '?! . \ - - - ~
Endothelium —— =t~ 3 b v Jr o
’ = % Proliferation of
5 . B smooth muscle
; s cells
(e.g., IL-1, MCF”H] et |
intima ——— \ummwt '

- Wl Extracelular lipsds
. & / y and necrotic cells
Intemal = y ’ ’ 4 «— Migration of
elastic —— R . . smooth muscle
membrane LI . , / cells
Media ———if
Normal vessel ressive devel of




Consequences of Atherosclerosis

* The aorta, carotid, and iliac arteries (large clastic arteries) and coronary and popliteal
(medium-sized muscular arteries) are targets for atherosclerosis.

/\),’.J
* Heart attack, stroke, ancurysm, and gangrenc in the legs are potential consequences
of the discase.

The principal outcomes depend on:
- The size of the involved vessels.
- The relative stability of the plaque itself.

- The degree of degeneration of the underlying artenial wall.

hips

neck

* The aorta, carotid, and iliac arteries (large
elastic arteries) and coronary and popliteal "
(medium-sized muscular arteries) are

targets for atherosclerosis. -

B Arch of aorta

[ Subclavian arteries

B Common carotid arteries
[l Brachiocephalic trunk

Descending aorta

Beachal antery

Renal artery




Pre-Clinical Phase Clinical Phase
Usually young age g .E Usually middie age to eldedy
O=
Mural thrombosis
FATTY STREAK ;mh“aku Azation
all ening
‘ ANEURYSM
e . AND
RUPTURE
Plaque rupture
a_ Plague erosion
m— Boy Plague hemorthage
FIBROFATTY ADVANCED/ Mural thrombosis
PLAQUE VULNERABLE Embolizaton
PLAQUE ; OCCLUSION
At lesion-prone areas, death/degene ROM
accelerated by risk factors! Inflammation i e
Endothelial dysfunction Plague growth
Monocyte adhesion/emigration Remodeling of e <& Progressive
Smooth muscle cell migration to intima and wall ECM wih
Smooth muscle cell profiferation  Organization of thrombus it
ECM olaboration Calcification ' CRITICAL

Lipid accumulation

e
STENOSIS




Abnormalities that could presentinthe blood vessels
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Abnormalities that could presentinthe blood vessels

o Atherosclerotic stenosis:

Compromised blood flow WILL lead 1o ischemic injury sccondary to antical occlusion
of a small vessel.

Total circumference expansion due to outward remodeling of vessel media is an
adaptive mechanism before an injury commences.

At 70% fixed occlusion, clinical symptoms surface (Stable angina).

The cffects of vascular occlusion ultimately depend on artenal supply and the
metabolic demand of the affected tssuc.

‘2. Acute plaque change

Plaque rupture is promptly followed by 'paru'al or complete vascular
thrombosis resulting in acute tissue infarction (e.g, myocardial or
cerebral infarction).

Plaque changes fall into three general categories:

- Rupture /fissuring, cxposing highly thrombogenic plaque constituents

Erosion/ulceration, cxposing the thrombogenic  subendothelial
basement membrane to blood

Haemorrhage into the atheroma, expanding its volume

T v s g Mg = o g e o s

—_——
[T S S .
(ot o g e . g -y}

‘3. Thrombosis

Thrombosis (partial/total) associated with a disrupted plaque is cnucal to the
pathogenesis of the acute coronary syndromes,

Thrombus superimposed on a disrupted partially stenotic plaque converts
it to a total occlusion.

In other coronary syndromes luminal obstruction by thrombosis is usually
incomplete and will disappear with time.

Mural thrombus in a coronary artery can also embolize.

4. Vasoconstriction

Vasoconstriction at sites of atheroma is stimulated by:

(1) circulating adrenerngic agonists

(2) locally released platelet contents

(3) impaired secretion of endothelial cell relaxing factors (nitric oxide) relative to

contracting factors (endothelin) as a result of endothelial cell dysfuncrion

(4) mediators released from perivascular inflammatory cells
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L —— ”2 What is the meaning of shock?

ol , liver, ki 4560 .
seboc den o e S 0 ¥ Inadequate perfusion 1o meet tissue demands. A progressiog pro<ess.

musche, shin 2.5 howrs ———

* Occurs i 2% of hospitalized patsents.
* Mortality 10%% in children vs. 30-40% in adults.

¥ In other words, a systemic reduction in tissue perfusion <P decreased
ussue (12 delivery.

N * A shift to less-cfficient amacrobic metabolism, leading to lactic acidosis,

occurs,

Cardiovascular System —» v s oy o Gt

¥ Iniually, effects are reversible. Eventually:
* Transports oxygen (fuel) to cells.

* Cell membrane jon pump dysfunction.

Ve Pow = * Cellular edema, leakage of cells” contents.
* Remwoves carbon dioxade and other waste Pertunsa e
products for elimination from body. i St ( Inadequate regulation of intraccllular pH.
Adequase P tradeq: * <> Cell death, organ failure, cardiac arrest, and death.
* Cardiovascular system must be abk 1w Hypoperfuses * A disrupeion 10 homeostasis.
maintain sufficent flow through capillary J * A reduction i blood flow 1 theucs, depeiving them of enges (schacmial

beds to meet cell’s oxygen and fuel needs. * Owgans of vital importance, bewn, heart, and kadneys can seffier smeversible damage,
% eventlly leading % deni
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Classification of Shock

Shock

| e

Hypovolaemic Cardiogenic  Distributive

e

Neurogenic Anaphylactic Septic




* To understand the physiology of shock we need to understand
the following formula:

Blood  Cardisc  Systemic
Pressure = Output - X Vascular Resistance

Gaven that:

BP = CO xSVR
N
SV * HR

CO = HR XSV

* Cardiac output:
- Volume of blood cjected from cach ventricke each ménute.

- This depends on the frequency of contraction; how forceful the
tions are and the volume of blood entering the ventnicles.

By applying a mathematical aspect to the formula, we can start 10 sdentify how blood
pressure can be maintained.

BP = COxSVR

We need to keep both sides balanced.

If one side of the formula changes, the other side needs to be change in the opposite
direction 10 balance this out.

ie. If BP increases, we need to decrease CO, SVR or both to bring it back down
again.

If BP decreases, we need to increase CO, SVR or both to bring it back up again.



Causes

- Haemorrhage - Burns -
Vomiting - Diuresis - Sweating
- Diarrhoea (W¥ieeling)

- Spinal cord damage -
Anaesthesia - Pain - Drugs -
Hypoglycaemia

- Acute M| - CHF - Obstruction

- Arrhythmias (problem with hear)

- Spinal cord damage -
Anaesthesia - Pain - Drugs -
Hypoglycaemia

- Foods - Insect bites - Blood
transfusion - Drugs

—=  hes|avmine releasing

- Bacterial toxins - Wound
infections - Invasive
procedures - UTIl - Respiratory
infections — povesite

Definition

Low Volume

Loss of vascular tone

Pump Failure

Loss of tone of blood vessels

Mass release of histamine due
to allergic hypersensitivity
reaction

Systemic infection

Type of Shock

Hypovolemic Shock

Distributive Shock

Cardiogenic Shock

Neurogenic Shock

Anaphylactic Shock

Septic Shock



Key Issues In Shock

Recognise and treat early (during compensatory phase)

Increased resp. rate,

Restlessness, Early
Anxiety, signs of
shock

Falling BP = Late sign of shock

Pallor, tachycardia and slow capillary refill = Shock until
proven otherwise

Hallmark symptoms are:
Decreased BP
Increased HR

©

4@



Progression Clinical Signs & Symptoms Mechanism Stage

Body still compensates, but if - Tachycardia - Cold shock: Cardiac output (HR x SV) and Compensated Shock

untreated, progresses to the Decreased pulses, cool systemic vascular resistance
next stage. extremities - Warm shock: (vasoconstriction) maintain BP
Flushing, bounding pulses - within normal range.

Oliguria - Mild lactic acidosis

Rapid deterioration, leadingto - Hypotension - Altered Compensatory mechanisms are =~ Hypotensive (Progressive)
cardiac arrest if not treated. mental status - Increased overwhelmed, leading to Shock — il leeome cad
lactic acidosis worsening perfusion.
Final stage, irreversible even - Severe organ damage - Multi-organ failure due to Irreversible Shock
with treatment. Cardiac arrest - Death occurs prolonged hypoxia and acidosis. — ovgen Lilure
S —
e ]
_ICompensated Shock
> -3
Stages of Shock e R
Presentatinn
A progressive process - Tachycantia, Tochypnoes.
< Dvoreased shin perfusion
* Compensated Shock: Cardiac output < Abered mental statue

HR x SV) and systemic vascular resistance (peripheral vasoconstriction) work to keep BP
within normal

O exam Tachyeanda, decreased pulses & cool extremites in cokd shock; Aushing snd bounding pbses s s
o warm sk, odguens, labs man show mubd e s ——— —r—
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1. Cardiac Effects:

- Increased force of contractions.
- Increased rate (tachycardia).

- Increased cardiac output.

4. Renal Effects

- Decreased renal blood flow

- Renin released from kidney
- Initiation of RAAS.

results in peripheral
vasoconstriction, reabsorption
of Na* and H,0O ——
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** Compensated shock

* Baroreceptors detect fall in BP.

* Sympathetic nervous system activated.

2. Peripheral Effects: 3. Respiratory Effects:
- Arteriolar constriction. oo e o e S e
. . *  The candovascelar and respirasoey systems work together:
3 lncrcaSCd Pcnphcral resistance. v 1f blood Sow ssound the body is compeoeised in any way, oxygen delivery o
tsacs 1 roducod
- Shunting of blood to Main cOre OIZANS.  + 1, coupemae for this, vemtilaion will increase 10 astemp w0 increase axygen

uptake in the ngs So how does this happen? The Barorecepeors mot only
stmulse the candiovascular controd center but also the respirstony cemter in the
medhlla, mcreaseng the respirasony rae.

5. Hypothalamus Effects 6. Hormonal Effects

- Glucagon (contributes to
hyperglycemia).

- ACTH (stimulates cortisol release and
glucose production).

- Decreased blood flow to the
hypothalamus.

- Release of ADH from post pituitary
results in retention of salt, water, and
peripheral vasoconstriction.



Compensated shock

Presentation:

- Increased resp. rate, restlessness, anxiety (earliest signs of shock).

- Tachycardia.

- Falling BP = late sign of shock.

- Possible delay in capillary refill.

- Pale, cool skin (Cardiogenic, Hypovolaemic shock).

- Flushed skin (Anaphylactic, Septic, Neurogenic shock).
% Nausea, vomiting, thirst.

- Decreased body temperature (Feels cold).

- Weakness.




1. Cardiac Effects:

- Decreased RBC oxygenation.

- Decreased coronary blood flow.
- Myocardial ischacmia.
-Decreased ventricular filling,

- Decreased force of contraction.

“ Progressive Shock

2. Peripheral Effects
“Peripheral pooling of blood.

- Plasma leakage into interstitial spaces.
- Cold, grey waxy skin.

- Restlessness, confusion, slow speech.
- Tachycardia, weak thready pulse.

- Decreased BP.

- Decreased body temperature,

3. Respiratory effects

o If oxygen delivery to tissues s to be madog cclls must do
bic respi w0 inue ATP producton.

©  Anacrobic respiration produces lactic acid as a waste product — thas must be
removed.

o Central chemoreceptors will desect a fall in pH and stumulate the resperasory
centre to increase ventilation.

This allows the excess acid 1o be blown oft” in the form of CO,
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Irreversible Shock

Loss of peripheral vascular resistance.
Confusion, slurred speech, unconscious.
Slow, irregular, thready pulse.

Falling BP (diastolic is zero).

Cold, clammy cyanotic skin.

Slow, shallow, irregular respirations.
Dilated, sluggish pupils.

Severely decreased body temperature.
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Irreversible Shock leads to:

Renal failure.
Hepatic failure.
Multiple organ systems failure.

Adult respiratory distress syndrome.

Death.




= Release of ADH (water

retention, vasocenstriction) «
Increased Ghcagon
Pryperglycemia) - ACTH refease
feontisol. ghucose preduction)

~ Increased metabolic acidosis

due 10 lactic acid buld-wp

« Metabolic falure -+ death

» Decreased renal blood flow - - Tachypnoea {earfest sign) - = Arteriolar constriction - = Increased force of C
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2o <[] Heart Failure

* The inability of the heart to

metabolic demands of the body.

dwhar
© Heart failure may result from a primary abnormality of the heart muscle—for

* Heart failure may also be ¢ d by probl lated 1o MI:

example, an infarction—that impairs ventricular function and prevents the heart i T 3

from pumping enough blood. &>

| Type of heart
failure

a

impairs the ability of the heart to function as a pump to support physiological
in an outp q to maintain the circulation.

* Mechanical disturbances in ventricular filling during diastole, due to blood volume that's

* Systolic b dy ic disturb. uch as ive cardiac ks

5 m«wwummmdood—ﬁnﬁuhchcan"m&ﬂily.

Description

The left ventricle of the heart struggles to pump blood, resulting in a buildup of
fluid in the pulmonary veins, causing shortness of breath, — - golouicto the g

Right side of the heart struggles to pump blood to the lungs, resulting in fluid

Wl side oshrr —» blood oo back — \egs, Ceet . Abooment”

backup in the legs, feet, and abdomen. — * il

The left ventricle cannot contract completely, meaning that the heart cannot pump
with enough force to move blood throughout the body properly.

The left ventricle cannot relax, not allowing it to fill completely, resulting in not
enough blood being pumped to the rest of the body.
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1. Left atrium receives blood from the lungs via the pulmonary veins.
m’“ M 2. The left ventricle fails to pump blood into the aorta, causing a backup of blood.

fﬂn 3. This increases pressure in the pulmonary veins, and the fluid backs up into the
lungs, causing pulmonary edema.

« In right-sided heart failure, the problem is that the right ventricle can’t pump blood to
the lungs, causing blood to back up in the veins (including the inferior and superior
vena cava).

R ‘ t-s « The backup is most noticeable in the lower body (feet, legs, abdomen) due to the
heart failure pressure and gravity.

- The superior vena cava can be affected, but the primary cause of edema is the
backup in the lower veins (from the inferior vena cava).

You're right to be confused, and it's a great question! Let me clarify:

In diastolic heart failure (also called heart failure with preserved ejection fraction,
HFpEF), the problem lies in the filling of the heart, specifically the ventricles. The heart
m m is still able to contract normally during systole, but the ventricles become stiff and less
failure (vam ¢ able 1o relax during diastole. This means they can't fill with enough blood. So, when
your slides mention “diastolic heart failure,” they are referring to impaired filling due to
a problem in diastole.

Diastolic heart
On the other hand, in systolic heart failure (also called heart failure with reduced
Hm (ol k) ejection fraction, HFrEF), the issue is with the contraction of the heart during systole.
The heart muscles become weakened and cannot contract forcefully enough to pump
blood out efficiently.

So to recap:

« Diastolic heart failure = problem with filling (due to poor relaxation during diastole).

« Systolic heart failure = problem with contraction (due to weak heart muscle during
systole).



Heart Failure

K_\ (has bwe phoses ) /\

Compensated Decompensated

= Decompensated heart failure:
— new or worsening symptoms/signs of

= Compensated phase
— Supply temporarily meets the altered

demand, no or very mild symtoms and “’“:: dyspnoea, fatigue or oedema leading to
signs hospitalisation or unscheduled medical
care
“* Compensatory Mechanisms /
Increased Heart Rate:
Sympathetic Norcpincphrir
Dilation:
Frank Searling = Cor
Neuroharmonal

Recliseriban

Other Causes:

Main Causes of Heart Failure:

B Valvular Heart Disease.

—>  Ischemic Heart Disease (35-40%) i ey (23) :
Congenital Heart Disease.

—>  Cardiomyopathy (dilated) (30-34%) EAS e DA

—2  Hypertension (15-20%) B

Arrhythmias.



d Pathophysiological Changes in HF

Ventricular Dilatation. v
Myocyte Hypertrophy.v
Salt and Water Retention.
Sympathetic Stimulation.v

Peripheral Vasoconstriction.
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Symptoms:

Exertional Dyspnea. cw ¢ m»
Orthopnea,_,, Yl Uo breatth while 12ing clewn

Paroxysmal Nocturnal Dyspnea.
—> lossing breath suddenly whie slesping

Edema
Bilateral lower extremity edema

Hypertension :
wmpP
Hypertrophic Cardiomyopathy

or | arn oo
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Signs: |
Cardiomegaly. — enlarye oF ™) ocurclium
Elevated Jugular Venous Pressure.
Tachycardia.
Hypotension. 2Pl
Bi-basal crackles. —» whezzing
Pleural effusion. — edeme in lung
Ankle Edema.
Ascites. — edema (floelomin)
Tender hepatomegaly. — enerse tier o |
®:




(1 Classification of HF:

Accorcling e the aibility  of- olomcj o physical  exericise

No limitation. Normal physical exercise doesn’t cause fatigue, dyspnea or
palpitations.

Mild limitation. Comfortable at rest but normal physical activity produces
fatigue, dyspnea or palpitations.

Marked limitation. Comfortable at rest but gentle physical activity produces
marked symptoms of HE

Symptoms of HF occur at rest and are exacerbated by any physical activity.




-+ Point of maximum Impulse (PMI)

The apex beat, also called the point of maximum impulse (PMI), is the furthermost point
outwards (laterally) and downwards (inferiorly) from the sternum at which the cardiac impulse
can be felt. The cardiac impulse is the result of the heart rotating, moving forward, and striking
against the chest wall during systole.

The normal apex beat can be palpated in the precordium left 5th intercostal space, at the
point of intersection with the /f midclavicular line. In children the apex beat occurs in the fourth
rib interspace medial to the nipple. The apex beat may also be found at abnormal locations;
in many cases of dextrocardia, the apex beat may be felt on the right side. Lateral and/ot
inferior displacement of the apex beat usually indicates enlargement of the heart.
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Increased Preload  Increased Afterload t Norepinephrine
Increased Salt Vasoconstriction Renal Blood Flow
Renin

Angiotensin I
Angiotensin II

Aldosterone
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Acute Pulmonary Edema — ol d=o ™

a true life-threatening emergency

Pulmonary Edema

Buildup of fluid
in the air sacs




J Treatment Treatment Objectives*

* Prevention. Control of risk factors * 7. Survival
* Lifestyle. « /L Morbidity
All |* Treat etiologic cause / aggravating factors. - < r Exercise capacity
* Drug therapy. . .
* Personal care. Teamwork. * < Quality of life
* Revascularization if ischemia causes HE. * /L Neurohormonal changes
* ICD (Implantable Cardiac Defibrillator). N Progression of CHF

* Ventricular resyncronization. M
N : : « . L Symptoms
* Ventricular assist devices.

* Heart transplant.

Selected patients

* Artificial heart.

* Neoangiogenesis, Gene therapy

Treatment- Pharmacologic Therapy
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