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Cardiovascular System

Structure and Function
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Trepopnea

Definition: Dyspnea, sensed while lying on one side but not on the other.

Mechanism
1) Unilateral lung disease (one lung, or one major bronchus)

Patients Prefer to lie on the opposite side of the diseased lung
as the gravitation increases perfusion of the lower lung.

Increased perfusion in diseased lung would increase shunting
and hypoxemia, resulting in worsening dyspnea.

To maximize function of the healthier lung, the patient Is best to
lie on the side of the healthier lung (good side down), so that it

recelves adequate perfusion.
2) Chronic heart failure
Patients prefer to lie mostly on the left side (heart side down),
to enable a better blood return, whereby CO Is augmented



Platypnea

Platypnea is due to either hepatopulmonary syndrome or an

anatomical cardiovascular defect increasing positional right-

to-left shunting (blood flow from the right to the left part of

the circulatory system). These defects include rare syndromes

iIn which 1) the venous blood from the liver does not pass

Through the lungs, or 2) if venous blood from the portal circulation

Reaches the Inferior vena cava without passing through the liver

(type 1).
Insufficiency of abdominal muscles causes lower diaphragm

position and dyspnea. In clinostatism, abdominal organs push the
diaphragm in its normal, upper position, reducing the respiratory effort.

- Google


http://en.wikipedia.org/wiki/Hepatopulmonary_syndrome
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Right-to-left_shunt
http://en.wikipedia.org/wiki/Circulatory_system
http://en.wikipedia.org/wiki/Venous
http://en.wikipedia.org/wiki/Portal_circulation
http://en.wikipedia.org/wiki/Inferior_vena_cava
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Abdominal Pain and/or Gl Bleeding*

Acute coronary syndrome

Superior mesenteric syndrome * Risk factors
Congestive liver* CAD
iIschemic colitis* AF

AF with Mesenteric embolism CHF

Severe mesenteric arteriosclerosis
Aneurysm rupture*

Aortic dissection*
Mesenteric venous thrombosis

Drugs: NSAID, anti-platelets, anticoagulants  Ischemic Colitis*



3) s %’J 1'% (Low Cardiac Output)

1. &1+ (Acute)
4 ¥ 35 (Irreversible) :

¥ i (reversible) :
dizziness ~ syncope

2. 22 &+ (Non-acute)
Easy fatigability (& %) » weakness

Hypotension %2 shock z_ % 3 (¢ 35

symptoms of increased sympathetic tone)
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Syncope

T_% : Transient loss of consciousness
with loss of posture
A (FAE) 2 447
QQOPERA

%27 ;2 . Pathophysiologic approach

transient hypotension (mechanism):

electrical, coronary perfusion, mechanical

FH| 7 BT

seizure, hypoglycemia,

psychiatric disorder — panic disorder (hyperventilation)



Syncope - Analyses

QQ: near syncope, syncope

O: sudden (blackout, graying out, white out)

P: situational: vasovagal, tussive, glutition, micturition,
orthostatic, exertional; positional: orthostatic, supine
upward gaze (carotid hypersentivity)

Drugs: NTG, alpha-blocker etc.
R: spontaneous, rapid recovery
A: 1) Pre: palpitation, chest distress/pain (myocardial iIschemia,
aortic dissection)
2) During: incontinence (infrequent)
3) Symptoms from Iinflicted trauma



Blood Pressure (& /&)

Non-invasive, indirect assessment of aortic pressure
Assumptions:
1) Reliable sphygmomanometer
2) Correct technique
3) No obstruction between aorta and arm
4) Adequate minimal blood flow —
no extreme arterial vasoconstriction

Parameters:
Direct. 1) Systolic pressure
2) Diastolic pressure
Indirect: 3) Pulse pressure (PP)
= (systolic — diastolic pressure)

*Normal range = 30 — 50 mmHg



BP =f (SVR, HR, preload, afterload, contractility)

Hung's

/ Preload “Slingshot Cardiac
N Physiology”
SV Contractility i

S Contractility

CO \ "~ Afterload ey -
BP AR
Arterial compliaace
SVR Peak ventiicular
Bresuure

Afterload, mainly determined by SVR

Thus, In practicality,
BP =1 (SVR, HR, preload, contractility)

unless presence of significant LV outflow resistance



Mechanism of Hypotension Iin Shock

1) Hypovolemic

2) Obstructive
3) Cardiogenic

4) Distributive
a) Anaphylactic
b) Neurogenic
C) Septic

HR

Preload

|

Contractility PVR




4) < i B EM i 2 (Distress/Pain)

1. < @ & & (pericarditis) : J§ 7 39
Pleuritic and positional
“Pleuritic” (= 5 { % ) — £ thorax and pleuritis painfe ;
Positional (&4 § /) - £ pleuritis# F
Non-tender - £2thorax pain#
2. < ieik w3 (myocardial iIschemic syndrome)
oo (angina) > & S5k # %o i3 3 (ACS)
3. 4 @k He (aortic dissection) - H #Hr ik i
1) tearing; 2) persistent; 3) abrupt or dramatic onset;
4) migratory;
[:] 7 - =3 3R Ag3n



Myocardial Oxygen Economics
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Laplace’s Law
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O, Supply O, demand
(F x C) determinants
Coronary Flow (F) = Clinical Index T =tension
(ADP — LVDP)/Rc P = pressure
R = radius
O2 content (C) = W = wall

f (Hemoglobin, Sa02%) thickness
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ACS Pathophsiology

....

Complete;
Collateral (+)

Complete;

Incomplete
Collateral (-)

ECG

Markers Markers

() NSTEMI — () —| STEMI

Unstable Angina \ y

Non-Q Ml Q-MI




s Audd p o iE 3 (myocardial ischemic syndrome)
#ooor (angina) o & Rk i R g i (ACS)

1) Directly resulting from ischemia
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Non-chest pain/distress*

Limited to “radiating” sites; epigastrium,head etc.

2) Indirectly resultant Symptoms * High index of suspicion

Related to acute ventricular dysfunction
Related to arrhythmias (# &#%)

Sudden death
3) Silent ischemia



Classic Angina

Increase In myocardial oxygen demand

L: Retrosternal/precordial, diffuse
with/without radiation
Q: Discomfort/pain (oppressive, strangling)
P: Effort/mental stress induced
Precipitated by a heavy meal
or exposure to cold
O: Sudden but not abrupt
R: Rest and/or NTG relief

Q,: Duration:

Several minutes;
If > 20 min, consider ACS (unstable angina/AMI)

or, unrelated to iIschemia



Atypical Presentations (ACS)

* Abdominal pain (epigastric etc.)

* “Ingestion”

» Shortness of breath

* Nausea, vomiting or diarrhea

» Generalized feeling of unwellness or
weakness, sweating

* Back or jaw tightness/pain

Atypical presentations — High-risk groups
1. The elderly; 2. Diabetic patients
3. Heart transplantation recipients

* High index of suspicion HEART & LUNG 2001




Angina Pectoris
- Heberden 1768

A disorder of the breast, marked with strong and peculiar

symptoms, considerable for the kind of danger belonging to it, and

not extremely rare, of which | do not recollect any mention among
medical authors. The seat of it, and sense of strangling and anxiety
with which it is attended, may make it not improperly be called angina
pectoris.

Those who are afflicted with it are seized, while they are walking,
and more particularly when they walk soon after eating, with a painful
and most disagreeable sensation in the breast, which seems as if it
would take their life away, If it were to increase or to continue: the
moment they stand still, all this uneasiness vanishes.

In all other respects, the patients are, at the beginning of this
disorder, perfectly well.
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Arrnythmia

» Clinical significance?

* Hemodynamic significance?
» Potentially life threatening?
* Where to seek assistance?



Symptoms Relevant to Arrhythmias

Direct - < | (Palpitation) Mechanical
TEP LR e p
w4 24+ QQOPERA |
ﬁl’iﬁi o ﬁ;ﬁ_; ”ﬁ N 'Iil RN 9)§ T fgg\: N )9;*;5;}];3; Electrical
No palpitation — normal?
Indirect
1) Hemodynamic consequences
7 Zu ne (pulmonary venous congestion) 2z e s
2) > ¥ i (systemic venous congestion) Z Jg &
3) Moo ﬂi%l 11 & (low cardiac output) z Jg &
Syncope, Shock, death
2) Consequence on impaired coronary perfusion
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6) H = (miscellaneous) - |
Any symptom in “Systems Review” may be related to CV disorders

Because symptoms are non-specific and may be related to multiple
systems, each symptom is assigned to the system in which it is more or
most commonly associated as follows.

1. General : weakness, fatigue, anorexia, fever, insomnia
2. Integument (skin, hair and nails) : changes in color (pigmentation, jaundice,
cyanosis), pruritus, rash, hair loss
3. HEENT :
Head - headache, dizziness, vertigo
Eyes - visual acuity, color vision, corrective lenses, photophobia, diplopia, pain
Ears - pain, discharge, hearing loss, tinnitus
Nose - epistaxis, discharge, stuffiness, sense of smell
Throat - status of teeth, gums, dentures, taste, soreness, hoarseness, lump
4. Respiratory : cough, sputum, hemoptysis, wheezing
5. CV ! dyspnea, edema, chest distress/pain, palpitation, intermittent claudication,

cold limbs, cyanosis etc; e.g. “ Headache - rare, angina symptom; vasodilator.




6) H = (miscellaneous) - I
Any symptom in "Systems Review” may be related to CV disorders

6. Gl : dysphagia, nausea, vomiting, abdominal distress pain, change In
bowel habit (diarrhea, constipation, character of stool), hematemesis,
melena, bloody stool

/. GU : urinary frequency, hesitancy, urgency, dribbling, incontinence,
dysuria, hematuria, nocturia, polyuria, impotence

Female - menarche, menstrual history (including the date of last
period), vaginal bleeding or discharge; pregnancy

8. Metabolic and endocrine : growth and development, weight change
heat/cold Intolerance, nervousness, sweating, polydipsia

9. Hematotologic: anemia, easy brusity or bleeding, lymphadenopathy,
transfusions

10. Neuropsychiatry : dizziness, syncope, seizures, speech disturbance,
loss of sensation, paresthesia, ataxia, weakness or paralysis, tremor,
anxiety, depression, irritablility

11. Musculoskeletal : joint pain, stiffness, limitation of motion, muscular
weakenss, wasting



Acute Limb Arterial Occlusion
6 PsS

* Pain

» Paresthesia

» Palsy

* Pale

» Pulseless

» Poikiothermia (cold blooded)



Elevation Dependency Test
Detection of subclinical ischemia

60 seconds

L Delayed filling
- Capillaries and veins
normal VFT < 157)

| Dependent rubor
Elevation pallor Ischemic hyperemia
JSH



Limb Arterial Occlusion

Chronic
Intermittent claudication, cold limbs,
atrophic skin changes,
cyanosis, gangrene etc;

Acute — 6 Ps

* Pain

» Paresthesia

* Palsy

» Pale

» Pulseless

» Poikiothermia (cold blooded)



OB SRR B R SLAFE R v ?ﬁlﬁ?lﬁ%% ’—5 ‘
A7 ¥ B R
1) dyspnea
2) legs edema iechanical
3) dizziness/syncope
4) palpitation Electrical
chest distress/pain
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1.Dyspnea | % § | LQQOPERAZ | *WEZFLES5a
2. Legs edema | (§35) Fizplzriait
3. Syncope :
4. Chest Approaches:
distress/pain 1) Systems
>. Palpitation |/ . > 5 | LQQOPERA: | 2)Anatomic
C.% % M 3) Pathophysiologic
Hypoalbuminemia 4) Pathologic
D. JE i ¥ /7 Jf 1 HTN; 2. HF & 1g 51 % 4F (Guidelines) 3147 ~ &+
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w1z (Strategy)
Similarity between Warfare and Clinical Problem Solving

g i (Warfare)
v B

(Intelligence Gathering)

gk i % 92 (Strategy)

= m # (ground)

& Bt (sea)

Z B (air)

& HEW (bomb, missile)
4 4§ (biological)

it 2@ (chemical)

= J2 8 (psychological)
B L (e-information)

Tk I AR % A
(Clinical Problem Solving)

¥ R3] 7
(Problem Analyses)
LOQOPERA

e I ERE G
(Strategy)
1) Systems

2) Anatomic
3) Pathophysiologic
4) Pathologic

*ire drg B e (IEF B E - I h )




2.1 %8 2_ 247 (Problem Analyses)
= N LQQOPERA ;= - History Taking

pt247E BB R e 35 LOQOPERA 8£ 78 » i #"‘#«;{
ik G HeY — BIEp s deh et e FlERE R 2B (L)
Location (i~ % )
Quality (2] i)
Quantity/time course (F ¥ & “&/pF4p )
Onset mode (:L}ga;I»L Ak B3 1745 7%)
Precipitation factors (5 2 %% %] %)
Exaggerating factors (4r £ #]% )
Relieving factors (i % #] % )
Accompanying symptoms (& gz 45 )

e

LOQOPERA: £ 7 » =88k i+ g% (very old person singing Taiwan opera)



% g 17 3¢ i (Pain/Distress)

ok ee T ¢ 32T 7)) LOQQOPERA 838 p i
1. =% (Location)
k3544 (localized - somatic)

&% 1+ (diffuse — visceral or diffuse somatic)

# = (migratory), *< &4 (radiation) etc.
2. 25 (Quality)
114 (needling), 441 (sharp pain), # 5 (dull ache)
KR8 4 (oppressive), £ % 3 (excruciating) etc.
3. frpE/FF4p (Quantity/Process)
# 5 1+ (persistent)
[ 5 M4 (Intermittent):
H 47 & (frequency), ¥ = 3 % B ¥ (duration of each episode),
> 1T IE (Intervals between episodes)



% g 17 ¢ i (Pain/distress)

4. 42K i (Onset mode)
2 & 14 (abrupt) ~ % #X (sudden)
¥ M i (insidious)
5. 8 ~ # % %1% (Precipitating factors)
6. 4r £ ¥] % (Exaggerating factors)
7. ¥ f%2 %1% (Relieving factors)

8. &% ¥]=% (Accompanying symptoms



P = =h b N, 14
RS (F % ) % 07
(Abrupt/Dramatic Onset)
LM @ Tk d DA gRR; & 2) s B
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& SLIf pF 2 (Systems approach)

1. Integument: laceration
2. HEENT: subarachnoid hemorrhage
3. Respiratory: pneumothorax
4. CV: aortic dissection, rupture of aneurysm,-AN
5. Gl: 1) Halo/solid organ rupture/perforation:
esophagus, stomach, intestines, spleen, liver

2) gall stone
6. GU: ureter stone, ectopic pregnancy, ovarian torsion
/. Musculoskeletal: tissue laceration, fracture, tendon rupture




B/ * iE g (Pain/distress) -
‘v & %] % (Exaggerating factors)

1) Food intake, swallowing, defecation, urination
(28 ~ B £ 2R

2) Inspiration, coughing, sneezing
(B F ~ %R~ 3T F)

3) Body position/motion
Supine, sitting up, leaning, turning, twisting
(Mg~ Az de v o b8~ RS~ f2#9)

4) Exercise

5) Tenderness & Ji

6) Emotion £

/) Temperature change - Coldness



1. Integument* KL e 3 R
2. HEENT

3. Respiratory ; 347 H

4. Cardiovascular % > 0Ty

5. Gatrointestinal

6. Genitourinary

/. Hematology kkgup g gl wm g 4
8. Metabolic/endocrine %7 w9
9. Muscloskeletal** S TICIE I T

10. Neurophychiatry* w2z 4 4 5 10



B.2tz_¥ i 42 (Non-quantitative Problem)
4) Pathologic Approach (i 324§ %] %

1) Infectious (inflammatory) (g & 4+ &)
2) Non-infectious (inflammatory) (25 & 1+ &)
3) Neoplasm (#72 #°)
Benign (=2 4)
Malignant (& +)
4) Circulatory (% %)
5) Metabolic/endocrine (37rt & #Hp A )
6) Hematologic (i ;%)
7) Degeneration(i¥ it {4 )
8) Physical/chemical injury (432 /- £+ T )



 Trepopnea is dyspnea (shortness of breath) that is sensed while

lying on one side but not on the other. It results from 1) disease of one
lung, one major bronchus, or 2) chronic conngestive heart failure.

1) Patients with trepopnea from lung disease prefer to lie on the opposite
side of the diseased lung (good side down) , as the gravitation

Increases perfusion of the lower lung. Increased perfusion in diseased

lung would increase shunting and hypoxemia, resulting in worsening

shortness of breath.

To maximize function of the healthier lung, the patient is best to lie on

the side of the healthier lung, so that it receives adequate perfusion.
2) Patients with chronic heart failure prefer to lie mostly on the left side,

to enable a better blood return, whereby cardiac output is augmented
Other types of positional dyspnea include orthopnea and paroxysmal

nocturnal dyspnea. Rates of breathing are described with the terms

eupnea, bradypnea (slow), and tachypnea (fast).



http://en.wikipedia.org/wiki/Dyspnea
http://en.wikipedia.org/wiki/Lung
http://en.wikipedia.org/wiki/Bronchus
http://en.wikipedia.org/wiki/Heart_failure
http://en.wikipedia.org/wiki/Gravity
http://en.wikipedia.org/wiki/Orthopnea
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_dyspnea
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_dyspnea
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_dyspnea
http://en.wikipedia.org/wiki/Eupnea
http://en.wikipedia.org/wiki/Bradypnea
http://en.wikipedia.org/wiki/Tachypnea

Myocardial Oxygen Economics

Ohm’s Law Laplace’s Law
Py R P> T=PxR/2XxW

NNANN——F

W

0. S | 0. d q T = tension
2 SUPPlY 2 deman P = pressure
determinants determinants _
R = radius

Clinical Index

Double Product
SBP x HR

W = wall thickness




Mechanisms of Impaired Coronary Artery Perfusion

Ostial — fibrotic disease, aortic dissection
Epicardial artery
1) Extramural compression
Anomalous origin of coronary artery
Myocaradial bridging, enlarged PA, tumor
2) Mural functional — spasm
organic — atherosclerosis, dissection
3) Intramural — thrombus, air
Microvascular disorders
LV hypertrophy; Syndrome X
No/slow flow
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2. Legs edema | (&35 FERIFHTfEA
3. Syncope E
4. Chest Approaches:

distress/pain 1) Systems
C.% % M 3) Pathophysiologic

Hypoalbuminemia 4) Pathologic
D. Ji % ¥/ P 7 & 1g 51 % 4F (Guidelines) 347 ~ &+
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ik vs (Strategy)

Similarity between Warfare and Clinical Problem Solving

g+ (Warfare)

Tk I AR % A
(Clinical Problem Solving)

(Intelligence Gathering) E=i AT
i 1% (Strategy) (Problem Analyses)

LQQOPERA

+ @ $ (ground)

/B (sea) PR RO R

= E‘v (air) . (Strategy)

2n i e

= 2) Anatomic

it 28 (chemical) . .
LR (psyChOIOgiCaD 3) Pathoph)./SIOlOglc
7 2% (e-information) 4) Pathologic

-
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Problem Solving - Combined Approaches
Obstruction of Tubular Structure
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Versatility of Symptomattoloy in Vascular Diseases
- Mechanisms of Organ/Tissue Ischemia

Functional resistance to flow - Spasm
Organic resistance to flow
1) Intraluminal

Thrombosis;
Embolism — thrombus (Af), tumor (e.g. cardiac myxoma),
clacicim, air,fat, cholesterol,

2) Mural
Atherosclerotic plague, vasculitis, dissection
3) Extramural compression
Neoplasm, hematoma, compartment syndrome etc.



Neighborhood Anatomic Relations

Left recurrent Esophagus

LA

Aortic valve
annulus

Nerve Palsy
Ortner syndrome

Enlarged PA, LA

Aorta, relatively fixed at isthmus In front of vertebra 1) TEE |
and aortic annulus 2) Dysphagia
1) Isthmus portion, vulnerable to trauma - transection Enlarged LA

2) Arterosclerotic,aorta, elongated to right and anteriorly;
heart, lying more horizontally



Atrial Kick — Atrial Sound (S,) In Stiff LV
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What is the consequence of lost “atrial kick™ in train station?
What Is the consequence of lost atrial kick in stiff LV,
onset of Af, or AV dissociation?



Systems Review (4 $Ig R % s - Jgk)

Because symptoms are non-specific and may be related to multiple
systems, each symptom is assigned to the system in which it is
more or most commonly associated as follows.

1. General : weakness, fatigue, anorexia, fever, iInsomnia

2. Integument (skin, hair and nails) : changes in color (pigmentation,

jaundice, cyanosis), pruritus, rash, hair loss

3. HEENT :

a. Head - headache, dizziness, vertigo

b. Eyes - visual acuity, color vision, corrective lenses, photophobia, diplopia,
c. Ears - pain, discharge, hearing loss, tinnitus

d. Nose - epistaxis, discharge, stuffiness, sense of smell
e. Throat - status of teeth, gums, dentures, taste, soreness, hoarseness,
4. Respiratory: dyspnea, wheezing, cough, sputum, hemoptysis, chest pain
5. CV : dyspnea, edema, dizziness/ syncope, palpitation. chest distress/pain:
iIntermittent claudication, cold limbs, cyanosis, (gangrene)




Systems Review (& 5tk E: =%~ ) - continued)

6. Gl : dysphagia, nausea, vomiting, abdominal distress pain, change in
bowel habit (diarrhea, constipation, character of stool),
Gl bleeding (hematemesis, melena, bloody stool)
/. GU : urinary frequency, hesitancy, urgency, dribbling, incontinence,
dysuria, hematuria, nocturia, polyuria, impotence
Female - menarche, menstrual history (including the date of last period),
vaginal bleeding or discharge; pregnancy
8. Metabolic and endocrine : growth and development, weight change*,
heat/cold Intolerance, nervousness, sweating, polydipsia
9. Hematotologic: anemia*, easy brusity or bleeding, lymphadenopathy,
transfusions
10. Musculoskeletal : joint pain, stiffness, limitation of motion, muscular
weakenss, wasting
11. Neuropsychiatry : dizziness, syncope, seizure, speech disturbance, loss
of sensauon, paresthesia, ataxkia, weakness of paraiysis, tremar, anxiety,
depression, irritablility




