Source file:
Section 1/10 — Case 4: Venous Pressure & Flow + Microcirculation + Lymphatics
The story: “The low-pressure highway that decides whether you perfuse... or swell.”
Imagine your cardiovascular system as a city.

e Arteries are the high-pressure expressways that deliver.

e Veins are the low-pressure highways that return.

e Capillaries are the neighborhood streets where the real “exchange” happens.

o Lymphatics are the drainage + garbage pickup that keeps the streets from flooding with
fluid and proteins.

This section is about the return trip (venous return), what sets venous pressures, how capillaries
decide filter vs reabsorb, and why lymph is literally life-saving.

A. Definitions you must own (clinical terms, exact ideas)
1) Central venous pressure (CVP) = Right atrial pressure
e Definition: pressure in the right atrium.

o Clinical meaning: the “back-pressure” the systemic veins feel right before blood enters the
heart.

2) Peripheral venous pressure
o Definition: pressure in peripheral veins (e.g., limb veins).
3) Mean circulatory filling pressure (MCFP)

o Definition: if there were no blood flow, pressures everywhere in the circulation become
equal after ~a minute > that equalized pressure is mean circulatory filling pressure.

4) Venous return (VR)
o Definition: quantity of blood flowing from veins into the right atrium per minute.

e Buzzword: VR must equal CO at steady state (equilibrium concept shows up later).

B. How venous pressure is measured (don’t miss)
1) Clinical estimation (neck veins = quick bedside CVP clue)
¢ |n asitting normal resting person: neck veins are never distended.

e Asright atrial pressure rises:



o around+10 mmHg > lower neck veins begin to protrude
o around +15 mmHg > all neck veins become distended

e Clinical pearl/ trigger: JVD pattern screams elevated right atrial pressure (think: right
heart failure, massive volume load, etc. — the document lists these causes later as “factors
that increase venous return/RA pressure.”)

2) Direct measurement
e Peripheral venous pressure: needle into a vein > connect to pressure recorder.

¢ Right atrial pressure (true CVP): catheter advanced via peripheral veins into the right
atrium (central venous catheter).

e Clinical pearl: used in hospitalized cardiac patients for constant read on heart pumping
ability.

C. Principle: what controls right atrial pressure (RA pressure = CVP)
Right atrial pressure is a balance of:

1. Heart’s ability to pump blood out of right atrium/ventricle into lungs
versus

2. Tendency for blood to flow from peripheral veins into right atrium (venous return)
If the right heart pumps strongly > RA pressure falls

If the right heart is weak > RA pressure rises

D. Normal and pathologic values (must memorize)
Normal RA pressure (CVP)
e ~0 mmHg (equalto atmospheric pressure around the body)
Upper extreme (very abnormal)
e canriseto 20-30 mmHg in:
o serious heart failure
o massive transfusion (big * total blood volume > too much tries to return)
Lower extreme
e usually about -3 to -5 mmHg below atmospheric pressure

e happens when:



o heart pumps with exceptional vigor, OR
o blood flowinto heart is greatly depressed (e.g., severe hemorrhage)
Buzzwords
e “0mmHgCVP is normal.”
e “+20to +30 mmHg CVP = severe pathology.”

o “Negative CVP =vigorous pump or empty system.”

E. Factors that increase vs decrease RA pressure (CVP)
Increase venous return > increase RA pressure (as listed)
e 7 bloodvolume
e 1 large vessel tone throughout body > ™ peripheral venous pressures
o Arteriolar dilation > ¥ peripheral resistance - rapid flow from arteries to veins
e Positive pressure breathing
e Straining
¢ Heartfailure
Decrease CVP (as listed)
e Negative pressure breathing
e Shock
Clinical pearl

e Anything that pushes blood toward the heart (volume, venoconstriction, arteriolar
dilation) tends to raise VR and can raise RA pressure—unless the heart is strong enough to
eject it efficiently.

F. Venous resistance & why “big veins still matter”
Key concept
¢ When large veins are distended, their resistance is almost zero.

e BUT large veins entering the thorax are often compressed by surrounding structures > flow
gets impeded.

Specific “collapse/compression” points listed

¢ Neckveins collapse from atmospheric pressure



e Sharp angulation over first rib compresses arm veins

e Abdominal veins compressed by organs + intra-abdominal pressure

¢ Intrathoracic pressure ® -4 mmHg (listed as part of collapse tendencies)
Numerical relationship given

¢ Because of these resistances, peripheral small-vein pressure (lying down) is usually +4 to
+6 mmHg higher than right atrial pressure.

Buzzword

e Large veins are “capacitance” vessels, but not resistance-free in real anatomy.

G. Posture: gravity rewrites venous pressures (high yield numbers)
Standing upright

¢ Right atrium stays ~0 mmHg (heart prevents accumulation there)

o Veins of the feet ~ +90 mmHg (purely gravitational column from heart to feet)
Arm veins (hnumbers you’re expected to quote)

e Attoprib: ~+6 mmHg (compression of subclavian vein over rib)

e |frib » hand gravitational difference is +29 mmHg
= hand veins = +6 + 29 = +35 mmHg

Neck veins in standing
o collapse almost completely up to skull > pressure remains 0 along their length
o if pressurerises above 0 - veins open - pressure falls backto 0

o if pressure drops below 0 > collapse increases resistance - pressure returns toward
0

Inside the skull (the “air embolism” landmine)
e Skull cavity cannot collapse > negative pressure can exist
e Sagittal sinus at top of brain in standing: about <10 mmHg

o DON'’T MISS (surgical pearl): If sagittal sinus is opened during surgery, air can be sucked
into venous system - air embolism - death.

H. Cardiac contraction effect on venous return (the “suction” effect)

During ventricular systole:



o Atrial pressure drops sharply because AV valves are pulled downward - atrial capacity
increases

e This sucks blood into atria from great veins
e Venous flow near the heart becomes pulsatile
o slow HR: 2 peak flows:
1. during systole (AV valve downward pull)
2. early diastole (rapid ventricular filling)
Buzzword

e “Atrial suction during systole contributes to venous return.”

l. The pumps that keep venous blood moving
1) Thoraco-abdominal (respiratory) pump
Inspiration:

e diaphragm down + rib cage expands

e { thoracic pressure + * abdominal pressure
> gradient moves blood abdominal veins > thoracic central veins
- drop in venous pressure during inspiration aids VR

Expiration:
e M thoracic pressure, ¥ abdominal pressure
e would favor backflow, BUT:
o venous valves close preventing backflow

o thoracic pressurerise drives blood central veins > heart
- promotes 1 end-diastolic volume and * CO

2) Skeletal muscle pump (venous pump)
e veins have one-way valves
e muscle contraction compresses veins:
o distalvalves close (block backflow)
o proximalvalves open (push forward)
e rhythmic exercise (walking/running) > *VR~> * SV-> 1t CO

3) Venomotor tone (sympathetic venous tone)



e sympathetic vasoconstrictor neurons * venous smooth muscle tension (“venomotor tone”)
o two effects listed:
1. constriction raises venous pressure - forces blood back > brief ™ SV
2. reduced venous compliance > sustained ® CVP > sustained ™ SV
e net: * CO and * MAP (important in arterial pressure reflexes)
4) Venous valves and varicose veins (pathologic mechanism)
e without valves, feet venous pressure would always be ~+90 mmHg standing

¢ moving legs squeezes blood; valves ensure flow only toward heart
-> walking keeps foot venous pressure <+20 mmHg

e chronic overstretch (pregnancy, prolonged standing) > valve incompetence
o leaflets don’t enlarge > don’t close completely
o pressurerises > veins enlarge more - valve function destroyed
o results: varicose veins = large bulbous protrusions (esp lower leg)
Buzzwords
o “Walking drops foot venous pressure <20 mmHg.”

e “Varicose veins =valve incompetence from chronic venous hypertension + dilation.”

J. Microcirculation: capillary bed structure (what the diagram shows)
Structure (as stated)
e Metarterioles branch into capillary beds
e At arteriole—capillary junction: precapillary sphincter (smooth muscle band)
e True capillaries: no smooth muscle; single layer endothelium + basement membrane
e Clefts/pores between endothelial cells:
o allow water-soluble passage
o butare<0.1% of surface area
¢ Blood flow through capillaries regulated by:

o arterioles + precapillary sphincters

K. What crosses the capillary wall (mechanisms)



1) Lipid-soluble substances
e cross endothelial membranes by simple diffusion
e examples listed: O,, CO,
2) Small water-soluble substances
e cross via water-filled clefts between endothelial cells
e examples listed: water, glucose, amino acids
e proteins generally too large
e specialregions:
o brain: clefts exceptionally tight > blood-brain barrier

o liver + intestine: clefts exceptionally wide - proteins pass > capillaries called
sinusoids

3) Large water-soluble substances

e crossvia pinocytosis

L. Starling forces: THE equation, variables, and directions (must be automatic)
Starling equation (as presented conceptually)
o Jv=fluid flow
o Jvpositive > net fluid movement out of capillary (filtration)
o Jvnegative > net fluid movement into capillary (absorption)
Variables defined

o Kf =filtration coefficient
= hydraulic conductance (water permeability) of capillary wall

o Pc = capillary hydrostatic pressure

o MPc favors filtration

o Pc determined by arterial/venous pressures + resistances

o M arterial OR ™ venous pressure > MPc (venous ™ has greater effect)

o Pc higher at arteriolar end than venous end (except glomerulus: nearly constant)
e Pi=interstitial fluid hydrostatic pressure

o M™Piopposes filtration



o normally close to 0 mmHg (or slightly negative)
e Tmc = capillary oncotic (colloid osmotic) pressure

o Mmc opposes filtration

o e with » plasma proteins (e.g., dehydration)

o V1c with ¥ plasma proteins (examples listed: nephrotic syndrome, protein
malnutrition, liver failure)

o small solutes do not contribute
e i =interstitial oncotic pressure
o i favors filtration
o depends on interstitial protein concentration (normally low)
Factors that increase filtration (as listed)
e 1Pc: 1 arterial pressure, ? venous pressure, arteriolar dilation, venous constriction
e VPi
e Imc: decreased protein concentration in blood
e Mmi:inadequate lymphatic function
Clinical trigger set
o Edema mechanisms = Starling shift toward filtration +/or lymph failure.
o |fyou see nephrotic syndrome - think ¥mc > edema.
e |fyou see venous obstruction/heart failure -~ think *Pc > edema.

o |fyou see lymphatic obstruction > think tmi + protein accumulation > edema.

M. Local vs extrinsic control of blood flow (high yield buzzwords)
Local (intrinsic) control — the “tissue protects itself”
1) Autoregulation
e organ flow stays constant over wide perfusion pressures
e organs listed: heart, brain, kidney
2) Active hyperemia
o flow proportional to metabolic activity (e.g., exercise muscle)

3) Reactive hyperemia



¢ increased flow after occlusion; longer occlusion > bigger overshoot
Mechanisms
Myogenic hypothesis

e vascular smooth muscle contracts when stretched

e explains autoregulation (NOT hyperemias)
Metabolic hypothesis

e tissue O, supply matches demand

e vasodilator metabolites listed: CO,, H*, K*, lactate, adenosine

e “washout” concept: increased flow washes metabolites > vasoconstriction returns flow to
normal

N. Humoral (extrinsic) control: what each mediator does (don’t miss patterns)
Sympathetic tone
e 1 sympathetic tone > vasoconstriction
e Vv sympathetic tone > vasodilation
e innervation density:
o skin greatest
o coronary, pulmonary, cerebral little
Histamine
e arteriolar dilation + venous constriction
o net: MPc > tiltration > local edema
o released with tissue trauma
Bradykinin
e similar to histamine: arteriolar dilation + venous constriction > edema
Serotonin (5-HT)
e arteriolar constriction
e released with vessel damage (prevent blood loss)
e implicated in migraine vascular spasm

Prostaglandins



¢ Prostacyclin: vasodilator
e E-series: vasodilators
o F-series: vasoconstrictors
e Thromboxane A,: vasoconstrictor
Coronary circulation (special rule)
e controlled almost entirely by local metabolic factors
e exhibits autoregulation, active + reactive hyperemia
e mostimportant local metabolic factors listed: hypoxia + adenosine

e systole compresses coronary vessels > ¥ flow; post-occlusion flow repays O, debt
(reactive hyperemia)

e sympathetic nerves: minor role

0. Lymphatics: the “you die in 24 hours without it” system
Core functions
e accessory route for fluid return from interstitium to blood
e CRITICAL: carries proteins + large particulate matter away from tissue spaces
o statementin doc: without this, we’d die within ~24 hours
Functional anatomy

Types of lymphatic vessels

-_—

Initial lymphatics

lack valves and smooth muscle

e fluid enters via loose junctions

e massaged by organ muscle contractions + arteriole/venule contractions
e draininto collecting lymphatics

2. Collecting lymphatics

e have valves + smooth muscle

e contract peristaltically (main propulsion)

e aided by skeletal muscle, negative intrathoracic pressure during inspiration, and venous
suction where they terminate



Lymph channels (routes)
e Mosttissues have lymph channels except listed exceptions:

o superficial portions of skin, CNS, endomysium of muscles, bones
(but they have prelymphatics - eventually to lymph/CSF > back to blood)

Where it empties

e Lower body lymph > thoracic duct »> into venous system at junction of left internal jugular
+ left subclavian

e Left head/arm/chest also > thoracic duct

o Right head/neck/arm/right thorax - right lymph duct > junction of right subclavian +
internal jugular

Quantitative normal values (must memorize)
e About 1/10th of capillary-filtered fluid enters lymphatics on average

e Total lymph normally: 2-3 L/day

P. Lymph composition (humbers included)

e Lymphinitially resembles interstitial fluid.

e Protein concentrations listed:
o Mosttissues interstitial fluid: about 2 g/dL > lymph similar
o Liverlymph: upto 6 g/dL
o Intestinal lymph: up to 3-4 g/dL
o Thoracic duct lymph mixture: 3-5 g/dL

o After fatty meal: thoracic duct lymph may contain 1-2% fat

e Even bacteria can enter lymphatic capillaries; lymph nodes remove/destroy them.

Q. Rate of lymph flow: baseline + what raises it (with numbers)
e Thoracic duct flow at rest: about 100 mL/hr
e Plus other channels: ~20 mL/hr
o Total: ~120 mL/hr (= 2-3 L/day)

Key determinant: interstitial fluid pressure



o Normallymph flow is very little when interstitial pressure is more negative than normal ~ -6
mmHg

e Asinterstitial pressure rises to 0 mmHg, flow increases >20-fold

e Atinterstitial pressure >0 mmHg (1-2 mmHg above atmospheric), flow plateaus because
high tissue pressure compresses larger lymphatics > impedes outflow.

Lymphatic pump pressures

e Intrinsic pump in big vessels (e.g., thoracic duct) can generate 50-100 mmHg
External intermittent compression that boosts lymph flow (in order)

e skeletal muscle contraction

e movement

e arterial pulsations

e outside compression
Exercise effect

e lymph flow canincrease 10-30 fold

e atrest: lymph flow sluggish (almost zero)

R. Big integrative “edema” story (the doc’s steady-state logic)
1. proteins leak continuously from capillaries » accumulate in interstitium

2. A interstitial protein > 7 interstitial oncotic pressure - favors filtration > 1 interstitial volume
+ pressure

3. Minterstitial pressure > ™ lymph flow > carries away excess fluid + protein
> steady state achieved when lymph return balances leakage

“Negative interstitial pressure” holds tissues together

e notonly connective tissue; negative interstitial pressure is a partial vacuum that keeps
tissues apposed

¢ lose negative pressure > fluid accumulates > edema

S. “Don’t miss” exam triggers (rapid recall)
Venous pressure/return

e Normal CVP = 0 mmHg



¢ +10 mmHg RA pressure > lower neck veins protrude

e +15 mmHg RA pressure 2 all neck veins distended

e Standing foot veins ® +90 mmHg

¢ Walking foot venous pressure <+20 mmHg (because valves + muscle pump)

e Sagittal sinus in standing ® -10 mmHg > surgical air embolism risk

o Peripheral small vein pressure (lying) = +4 to +6 mmHg higher than RA pressure
Starling/edema

e *Pc, ¥mc, tmi, VPi > filtration > edema

¢ Lymphatics essential for protein clearance (without it > catastrophic)
Lymph flow

e 2-3L/day

e Rest~120 mL/hr

o Exercise 10-30x

e Thoracic duct pump pressure 50-100 mmHg

e interstitial pressure normal reference point mentioned: ~-6 mmHg (where lymph flow
minimal)

Section 2/10 — Case 5: Guard Your Heart (Regulation of Arterial Blood Pressure) +
Hemodynamic Equations + Pulse Basics
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The story: “Pressure is your perfusion promise.”

Your organs don’t care about the number for BP—they care whether that pressure can push blood
forward to deliver oxygen.

So the body guards arterial pressure using:

¢ Fast neural reflexes (baroreceptors) = second-to-second survival



¢ Slower hormonal volume control (RAAS) = hours-to-days stability

And the math behind it all is flow through resistance driven by a pressure gradient.

A. Definitions (clinical terms you must say cleanly)
Blood pressure (BP)
¢ Force exerted by blood against any unit area of the vessel wall

o |f pressurein avessel is 50 mmHg, the force is enough to push a mercury column to 50 mm
high.

Systolic pressure (SP)

o Highest arterial pressure during a cardiac cycle

e Occurs when the heart contracts and blood is ejected into the arterial system.
Diastolic pressure (DP)

o Lowest arterial pressure during a cardiac cycle

¢ Occurs when the heart relaxes and blood returns to the heart via veins.
Mean arterial pressure (MAP)

e Average arterial pressure measured millisecond-by-millisecond over time

o Not equalto the simple average of SP and DP

o Because at normal HR: more of the cardiac cycle is spent in diastole

e Atusual HR: MAP is determined about 60% by DP and 40% by SP

B. Equations (every equation shown in these pages)
1) Mean arterial pressure

MAP=DP + % (SP - DP)
Also shown equivalently as:
MAP=(2DP +SP)/ 3

Buzzword: MAP tracks closer to diastolic than systolic at normal heart rates.

2) Pulse pressure (PP)
PP=SP-DP

e Stated typical: ~40 mmHg



Factors affecting pulse pressure (listed)
1. Stroke volume output of the heart (most important determinant)
2. Compliance (distensibility) of arterial tree

3. Character of ejection from the heart during systole (less important)

3) Capacitance / Compliance

cC=V/P
Where:

e C =capacitance/compliance (mL/mmHg)

e V=volume (mL)

o P =pressure (mmHg)

Key statements:

o Compliance describes distensibility

e Inverse to elastance (stiffness)

o Greaterinveins than arteries
o veins hold more unstressed volume
o arteries hold more stressed volume

o Arterial capacitance decreases with age (arteries stiffen)

4) Velocity of blood flow

v=Q/A
Where:

o v=velocity (cm/sec)
e Q=blood flow (mL/min)

. 2
e A =cross-sectional area (cm®)

5) Blood flow

Q=AP/R



Also explicitly shown as:

Cardiac output = (Mean arterial pressure — Right atrial pressure) / Total peripheral resistance
(TPR)

Buzzword: This is the Ohm’s law analogy (flow like current, pressure like voltage, resistance like...
resistance).

6) Poiseuille resistance

R=(8nl)/(mr"
Where:

e n=viscosity of blood
o Ll=length of vessel
e r=radius of vessel
DON’T MISS: Resistance is inversely proportional to r*

e Ifradius halves - resistance rises 16x (2*) > flow drops dramatically

7) Resistances in parallel
1/R_total=1/R_.a+1/R_b+...+1/R_n
Key points stated:
o Totalresistance is less than any individual resistance
e Add an artery in parallel > total resistance decreases

e Ineach parallel artery: pressure is the same

8) Resistances in series
R_total = R_artery + R_arterioles + R_capillaries
Key point stated:
e Largest proportion of resistance in this series is contributed by the arterioles

e Asblood flows through series, pressure decreases

9) Reynolds number (turbulence predictor)

Re=(v-d-p)/n



Definitions stated:

Re = tendency for turbulence to occur

Thresholds stated:

Re > 200-400: turbulent flow at branches of vessels

Re >2000: turbulence even in straight smooth vessel

Clinical tie-ins stated:

Korotkoff sounds (auscultatory BP) are due to turbulent flow

™ Reynolds > 1 turbulence > audible vibrations = bruits

Factors stated that increase Re (and turbulence):

¥ blood viscosity (e.g., ¥ hematocrit, anemia)

1 blood velocity (e.g., narrowing of a vessel)

C. BP measurement techniques (and what the sounds mean)

1) Palpatory method

Inflate cuff, let pressure fall, determine the pressure where the radial pulse first becomes

palpable

Pressures are usually 2-5 mmHg lower than auscultatory method

2) Auscultatory method

Inflatable cuff + mercury manometer (sphygmomanometer) around arm
Stethoscope over brachial artery at elbow

When cuff pressure partly occludes artery - turbulent jetting > Korotkoff sounds
First heard sound = systolic pressure

Diastolic pressure correlates best with the pressure when the sound disappears

More sensitive/precise for systolic; also permits estimating diastolic

D. Normal and pathologic BP ranges shown (and classification tables)

“Normal blood pressure range for adults” line shown

Approximately <120/80 mmHg

o Systolic <120 mmHg



o Diastolic <80 mmHg
Table shown: “Blood Pressure Classification for Adults — JNC 7”
e Normal: <120/<80
¢ Prehypertension: 120-139/ 80-89
e Stage1HTN:
o Age=181t0<60: 140-159 / 90-99
o Age 260: 150-159 / 90-99
e Stage2HTN:2160/=100
e |fdiabetes or renal disease (including age =260): <140 / <90
Table shown: “Blood pressure classification for adult Filipinos”
¢ Normal: <120/80 mmHg
e Borderline: 120139/ 80-89 mmHg

e Hypertension: 2140/90 mmHg

E. Limitations of BP reading (high-yield test traps)
e Cuffs too short/narrow - falsely high
o Regular cuff on obese arm - false dx of HTN
o Loose cuff or bladder ballooning outside cuff > falsely high
o Arm position below mid-chest level (brachial below heart level) > falsely high
e Patient holding up their own arm > may raise BP
o Unrecognized auscultatory gap

o can cause serious underestimation of systolic OR overestimation of diastolic

F. Effects of CO and TPR on arterial pressure and pulse pressure (as listed)
e NormalTPR=Normal CO
¢ MTPR=4CO

¢ 2TPR=1CO, ¢ pulse pressure, Vv arterial pressure (presented exactly as written in the
page)

e VCO =1V arterial pressure



G. Physiologic factors affecting BP (listed examples)

Age
¢ In apparently healthy humans, both SP and DP increase with age
¢ Important cause of systolic rise: decreased arterial distensibility

o atsame CO, systolic is higher in older vs younger due to less arterial expansion
capacity

Emotion
e Increases CO; resting BP hard to obtain in excited/tense individual

o About 20% of hypertensive patients have higher BP in doctor’s office (“white coat
hypertension”)

Exercise
e Brain sends motor signals + simultaneous autonomic signals:
o venous constriction
o ™ heartrate
o 7 contractility

e Together » increase arterial pressure even above normal - forces more blood flow through
active muscles

H. Posture (standing) — what changes and why (sequence)
When moving from supine > standing:
1. Blood pools in lower extremities (high venous compliance)

2. Venous pooling » 1 local venous pressure > 1 capillary hydrostatic pressure (Pc) ~ fluid
filters into interstitium

o Iiffiltration exceeds lymph return > edema can occur
3. Venous return decreases > ¥ stroke volume + ¥ cardiac output (Frank-Starling)
4. Initial arterial pressure decreases (from v CO)

o if cerebral perfusion too low - fainting
5. Compensatory mechanisms raise BP toward normal:

o carotid sinus baroreceptors respond to ¥ arterial pressure by decreasing firing



o vasomotor center response: ™ sympathetic outflow; v parasympathetic outflow
o results: ® HR, ™ contractility, ® TPR, ™ venous return > BP toward normal

6. Orthostatic hypotension (fainting/light-headedness on standing) may occur if
baroreceptor reflex impaired (e.g., sympathetically-blocking agents) or volume depleted

I. Mechanisms regulating BP (as stated here)
e Mostimportant mechanisms:
o Fast neurally mediated baroreceptor mechanism
o Slower hormonally regulated renin-angiotensin-aldosterone mechanism
Baroreceptor reflex (what is emphasized)
o Fast neural mechanism
¢ Negative feedback, responsible for minute-to-minute regulation
o Baroreceptors are stretch receptors located in:
o carotid sinus (near bifurcation of common carotids)
Steps shown (partial list on the page):
1. Decrease in arterial pressure > decrease stretch of carotid sinus wall

o baroreceptors most sensitive to changes in arterial pressure; rapid decrease
produces greatest response

o additional baroreceptors in aortic arch respond to increases, but not to decreases,
in arterial pressure

J. Pulse: characteristics + normal values + named pulse (from these pages)
Pulse wave concept (key statement)

e Blood forced into aorta during systole moves blood forward and sets up a pressure wave
traveling along arteries

e Palpable expansion = pulse
Rate categories (normal values stated)

¢ Normal: 60-100/min

e Fast:>100/min

e Slow: <60/min



Amplitude (clinical statements)
e Strength determined by pulse pressure; related to mean pressure
e Pulse is weak (“thready”) in shock
e Pulse is strong when stroke volume is large (exercise or after histamine)
e High pulse pressure »> pulse waves may be felt or even heard (palpitation/“pounding heart”)
Named pulse sign (don’t miss)
¢ |n aortic regurgitation (aortic valve incompetent): pulse particularly strong
e Called Corrigan or water-hammer pulse
Contour of pulse wave (components)
e Speed of upstroke
e Duration of summit
e Speed of downstroke
e Normal upstroke: brisk, smooth, rapid, follows S1 almost immediately

o Example: delayed carotid upstroke in aortic stenosis

K. Proper technique of taking pulse (listed items included)
Radial pulse
o Use pads of index and middle finger; compress radial artery until maximal pulsation
o If rhythm regular and rate seems normal: count 15 sec x 4
e |f unusually fast/slow: count 60 sec
Carotid pulse (warnings included)
e Patient lying down; head of bed ~ 30°
e Inspect neck near sternomastoid for pulsations
e Place fingers on right carotid artery in lower third of neck; press posteriorly
e Pressjustinside medial border of relaxed sternomastoid, roughly at cricoid cartilage level
e Avoid pressing on carotid sinus (top of thyroid cartilage level)
e For left carotid, use right finger or thumb

¢ Never press both carotids at the same time (may decrease cerebral blood flow and
induce syncope)



Increase pressure to maximal pulsation then slowly decrease to best sense
pressure/contour; assess amplitude/contour/variation and timing vs S1/S2

Brachial pulse (what’s shown)

Use index and middle fingers or thumb of opposite hand

Cup hand under elbow, feel pulse just medial to biceps tendon; arm relaxed with elbow
extended, palm up

L. “Don’t miss” triggers & clinical pearls (rapid-fire)

First Korotkoff sound = SBP

Disappearance of Korotkoff sounds = best correlate for DBP
Palpatory SBP = 2-5 mmHg lower than auscultatory
Auscultatory gap can ruin your SBP/DBP estimation

Cuff too small on obese arm =false HTN

Arm below heart = falsely high BP

Weak thready pulse - think shock

Corrigan/water-hammer pulse - think aortic regurgitation
Delayed carotid upstroke - think aortic stenosis

Standing > venous pooling > ¥ VR > ¥ CO > ¥ BP > baroreflex rescue; failure = orthostatic
hypotension

M. DDx matrix (focused to what these pages explicitly support)

Presentation Key clues from the pages Likely bucket(s)

BP drops after standing; Orthostatic hypotension

Light-headedness /

. . baroreflex impaired or volume (baroreflex impairment or volume
fainting on standing )
depleted depletion)
Weak, “thready” pulse explicitly stated in shock Shock

Strong bounding pulse + strong pulse in aortic
head nodding regurgitation; water-hammer

Aortic regurgitation

Delayed carotid upstroke example given Aortic stenosis



Presentation Key clues from the pages Likely bucket(s)

“Hypertension” readin White coat hypertension vs true
A yF,) . ! ing ~20% white coat effect ! yp tonvstru
in clinic only HTN

Unexpectedly high BP on cuff too small/arm below heart/ Technique error masquerading as
measurement patient tensing HTN

SBP underestimated /

DBP overestimated unrecognized auscultatory gap  Auscultatory gap artifact

N. Pathognomonic / named signs explicitly present
e Corrigan / water-hammer pulse > aortic regurgitation
o Delayed carotid upstroke (example) > aortic stenosis

e Thready pulse (descriptor) > shock

Section 3/10 — Reflex & Hormonal Control of Arterial Pressure (Baroreceptors > RAAS > Brain
Ischemia Response > ADH > ANP)
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The story: “BP is guarded by two teams: the sprint team and the marathon team.”
Your body treats arterial pressure like a protected resource:

e Sprint team (seconds): Baroreceptor reflex (instant autonomic changes)

¢ Marathon team (hours-days): Hormonal/volume systems (RAAS, ADH, ANP)

e Last-resort survival mode: Cerebral ischemia response / Cushing reaction (can push
pressure to dangerous levels just to perfuse the brain)

A. Baroreceptor reflex (fast, minute-to-minute control)
Core idea (buzzwords)
e Baroreceptors = stretch receptors

e Location emphasized: carotid sinus (near bifurcation of common carotids)



¢ Most sensitive to changes in arterial pressure (rapid fall » strongest response)
Step sequence (as stated)
1. Y arterial pressure > ¥ stretch of carotid sinus wall

2. YV stretch > ¥ firing rate of carotid sinus nerve (Hering nerve, CN IX) > to vasomotor center
(brainstem)

3. Vasomotor center has a set point for MAP = 100 mmHg

o IfMAP <100 mmHg, coordinated autonomic responses attempt to raise pressure
back toward 100 mmHg

4. The autonomic pattern to restore pressure:
o ¥ parasympathetic (vagal) outflow to the heart
o M sympathetic outflow to heart + blood vessels
The “4 effects” the document lists (must memorize)
These changes attempt to raise arterial pressure back toward normal:
1. t* Heartrate
o from ¥ parasympathetic tone + * sympathetic tone to the SA node
2. 2 Contractility and t stroke volume
o from * sympathetic tone to the heart
o HR+SV™>CO > arterial pressure
3. 71 Arteriolar vasoconstriction
o from 1 sympathetic outflow
o TPR ™ > arterial pressure
4. 7 Venoconstriction (vein vasoconstriction)
o decreases unstressed volume
o increases venous return

o "M venousreturn 2> * CO via Frank-Starling > arterial pressure

Examples you’re expected to recognize
1) Response to acute blood loss

e Used as a classic example of baroreceptor reflex activation:



o blood loss = ¥ venous return > ¥ CO > ¥ arterial pressure
o baroreceptors sense fall > sympathetic surge + vagal withdrawal > restore MAP
2) Valsalva maneuver (testing baroreflex integrity)
¢ Definition: expiring against a closed glottis
e Whatitdoes (sequence stated):
o “Mintrathoracic pressure > ¥ venous return
o Vvvenousreturn-> ¥ CO > ¥ arterial pressure (Pa)
o If baroreflex intact: fall in Pa > baroreceptors > * sympathetic outflow
o Testfinding: ™ heart rate during maneuver
o When maneuver stops: rebound * venous return > » CO > ™ Pa
= baroreceptors senserise > decrease in heart rate

Clinical pearl (trigger): If HR doesn’t respond appropriately, baroreflex/autonomic function may be
impaired.

B. Hormonal control: Renin-Angiotensin-Aldosterone System (RAAS)
Buzzword: “Slow hormonal mechanism for long-term BP regulation by adjusting blood volume.”
Key facts stated
e Renin=enzyme
e Angiotensin | =inactive
o Angiotensin Il = physiologically active
¢ Angiotensin Il degraded by angiotensinase
o afragment angiotensin lll retains some biologic activity
RAAS steps (as listed)
1. <Y renal perfusion pressure > juxtaglomerular cells (afferent arteriole) secrete renin
2. Renin catalyzes conversion of angiotensinogen > angiotensin | (in plasma)
3. ACE converts angiotensin | @ angiotensin Il, primarily in the lungs
o ACE inhibitors (e.g., captopril) block this > ¥ BP
o AT, receptor antagonists (e.g., losartan) block angiotensin Il at receptor > ¥ BP

4. Angiotensin lI: 4 effects (listed)



Angiotensin Il — 4 effects (exactly the high-yield list)

1. Stimulates aldosterone synthesis/secretion (adrenal cortex)
o Aldosterone * Na* reabsorption in renal distal tubule
o -1 ECFvolume > * blood volume > * arterial pressure
o Pearl: slow because it requires new protein synthesis

2. 1 Na*™-H* exchange in proximal convoluted tubule (PCT)
o directly * Na* reabsorption (complements aldosterone)
o leadsto contraction alkalosis (DON’T MISS term)

3. 7 thirst > * water intake

4. Arteriolar vasoconstriction
o MTPR»> * arterial pressure

Example noted: response of RAAS to acute blood loss (volume-defense + vasoconstriction).

C. Autoregulation/local control: Cerebral ischemia response
This is the “brain-protection override.”
What triggers it (as stated)
¢ Brainischemia > * tissue PCO,
e Chemoreceptors in vasomotor center respond > * sympathetic outflow to heart + vessels
What happens (listed consequences)
¢ Intense peripheral arteriolar vasoconstriction > TPRrises sharply

o Blood flow to other organs (example given: kidneys) is significantly reduced to preserve
flow to brain

e MAP canincrease to life-threatening levels (wording emphasized)
Cushing reaction (named example)

e tintracranial pressure compresses cerebral blood vessels

e > cerebralischemia > * cerebral PCO,

e vasomotor center > massive sympathetic outflow

e - profound increase in arterial pressure



DON’T MISS trigger: Cushing reaction = intracranial pressure crisis physiology with extreme
sympathetic BP drive.

D. Peripheral chemoreceptors: carotid & aortic bodies
Location (as stated)

¢ Near bifurcation of common carotid arteries + along the aortic arch
What they sense (high yield)

e Very high O, consumption themselves

e Very sensitive to v PO,

e VPO, activates vasomotor centers > vasoconstriction > * TPR > * arterial pressure

E. Vasopressin (ADH)
Role statement (important boundary)
¢ Involved in BP regulation in response to hemorrhage
e Not for minute-to-minute regulation of normal BP
Trigger pathway (as stated)
e Atrialreceptors sense ¥ blood volume (or ¥ BP)
e > release vasopressin from posterior pituitary
Two effects that raise BP (as listed)
1. Potent vasoconstrictor
o increases TPRvia V1 receptors on arterioles
2. t water reabsorption

o renaldistaltubule + collecting ducts via V2 receptors

F. Atrial natriuretic peptide (ANP)
Trigger

¢ Released from atria in response to 1 blood volume and * atrial pressure
Effects listed (pressure-lowering)

e Relaxes vascular smooth muscle > arteriolar dilation > ¢ TPR



e Increases renal excretion of Na* and water
o reduces blood volume > attempts to bring arterial pressure down
¢ Inhibits renin secretion (RAAS suppression)

Buzzword: ANP is the body’s “volume is too high—dump salt and water” signal.

G. Exam cheat sheet (ultra-high yield hooks)
Set-point you must quote
¢ Vasomotor center MAP set point= 100 mmHg
Baroreceptor reflex output pattern (classic)
e ¥ MAP > ¢ baroreceptor firing > * sympathetic + ¥ vagal
o HR~™
o contractility ®
o arteriolar constriction (TPR 1)
o venoconstriction (™ venous return; ¥ unstressed volume)
RAAS must-hit phrases
¢ Anglinactive; Ang Il active
e ACE mainlyin lungs
e Angll~> Aldosterone, PCT Na*-H* exchange, Thirst, Vasoconstriction
¢ Contraction alkalosis (from Ang II’s PCT action)
Cerebral ischemia response
e 1 brain PCO, > massive sympathetic discharge
e Canraise MAP to life-threatening levels
e Cushingreaction: ™ ICP > ischemia - extreme BP rise
ADH receptors
e V1 =vasoconstriction
e V2 =water reabsorption
ANP
¢ released with high volume/high atrial pressure

e VTPR, * Na*/water excretion, ¥ renin



H. DDx Matrix (based strictly on these mechanisms)

Presentation Key mechanism in this section Most likely bucket(s)

Hypotension +

. Baroreceptor reflex + RAAS + ADH  Acute blood loss / hemorrhagic
tachycardia after

response to hemorrhage shock physiolo

bleeding P g physiology
HR rises during Valsalva Intact baroreflex Normal autonomic reflex
Little/no HR response Impaired baroreceptor/autonomic  Baroreflex/autonomic
during Valsalva response dysfunction (or blocking drugs)
Severe hypertension with Intracranial hypertension with

. P Cushing reaction . yp .
signs of MCP cerebral ischemia
Hypoxemia >

ypoxem! L . . Low PO,-driven sympathetic
vasoconstriction Carotid/aortic body chemoreceptors

vasoconstriction
response

High volume state with

ANP Vol i hysiol
natriuresis olume expansion physiology

. Pathognomonic / named items present
e Cushingreaction (named response to cerebral ischemia from * intracranial pressure)

o Valsalva maneuver (named test of baroreceptor mechanism integrity)

Section 4/10 — Coronary Circulation + Special Features of Cardiac Blood Flow + Key Metabolic
Control

The story: “The heart is the only organ that must perfuse itself... while it’s working.”
Every time the heart contracts, it squeezes its own vessels.
So coronary circulation is unique:

¢ |tis metabolically controlled

¢ |tis mechanically compressed during systole

e |t exhibits reactive hyperemia to repay oxygen debt

e Itis driven most strongly by hypoxia + adenosine

This section is short but extremely high yield.



A. Coronary circulation: core rule

Unlike most tissues, coronary blood flow is controlled almost entirely by local metabolic
factors, not by sympathetic nerves.

Key statement
e Coronary circulation shows:
o autoregulation
o active hyperemia

o reactive hyperemia

B. Dominant control sighals (buzzwords)
Most important metabolic factors listed
1. Hypoxia (Y0,)
2. Adenosine
Clinical pearl

e  When myocardium works harder > ATP breakdown > ™ adenosine
- vasodilation > ™ coronary flow
- match oxygen supply to demand

C. Mechanical effect of systole (DON’T MISS)
Coronary vessels are compressed during systole
e Ventricular contraction squeezes intramyocardial vessels
e Therefore:
o Coronary blood flow decreases during systole
o Flowis greatest during diastole
Buzzword

e “The heart perfuses itself mostly in diastole.”

D. Reactive hyperemia in coronary circulation

Scenario described



e |f coronary blood flow is occluded temporarily:
o ischemia develops
o metabolites accumulate
o when occlusion is released - blood flow overshoots normal
Purpose
e Repays oxygen debt:

o “reactive hyperemia repays the O, deficit”

E. Sympathetic nerves: minor role
Explicit statement
e Sympathetic nerves play only a minor role in coronary flow regulation

o Flow is dictated mainly by tissue metabolic needs

F. Exam triggers (rapid recall)
o Coronary flow controlled by local metabolites
¢ Main mediators: hypoxia + adenosine
e Systole compresses coronary vessels > ¥ flow
e Flow occurs mainly in diastole
e Coronary circulation shows:
o autoregulation
o active hyperemia

o reactive hyperemia

G. DDx/ Clinical tie-in matrix (based on this page only)

Concept Trigger Mechanism

Angina during tachycardia Shortened diastole Vv coronary perfusion time
Post-ischemic overshoot flow Reactive hyperemia Metabolite accumulation

Increased myocardial work  Active hyperemia  Adenosine-mediated dilation



Section 5/10 — Cardiac Cycle (Flow of the Heart) + Valve Events + ECG Correlation + Heart
Sounds

The story: “One heartbeat is a perfectly timed choreography.”
A single cardiac cycle is not just “lub-dub.”
Itis an orchestrated sequence of:
e pressure changes
¢ valve movements
e volume shifts
e ECG electrical triggers
e and heart sounds
Definition (as stated):

The cardiac cycle is the events that occur from the beginning of one heartbeat to the beginning of
the next.

It consists of:
o Diastole (relaxation - filling)

o Systole (contraction > ejection)

A. Phases of the Cardiac Cycle (listed)
1. Atrial systole
2. Isovolumetric ventricular contraction
3. Ventricular ejection
4. Isovolumetric ventricular relaxation

5. Ventricular filling

B. Phase 1 — Atrial Systole (“the atrial kick”)
Timing

e Preceded by the Pwave on ECG
Function

e Contributes to ventricular filling



¢ Not essential for filling in normal adults
Venous pulse correlation
e Increasein atrial pressure causes the A wave in venous pulse
Heart sound association (don’t miss)
¢ Filling the ventricle by atrial systole produces the fourth heart sound (S4)
¢ Not audible in normal adults
Buzzwords
o  “Atrial kick”
e “Pwave - atrial contraction”

e “S4 = stiff ventricle” (clinical inference)

C. Phase 2 — Isovolumetric Ventricular Contraction
Timing
o Begins after onset of the QRS complex
Key valve event
e When ventricular pressure exceeds atrial pressure > AV valves close
o Tricuspid
o Mitral
Heart sound
e Closure of AV valves produces S1 (“lub”)
Volume status

e Bothinlet and outlet valves are closed
- ventricular volume remains constant
> pressure rises rapidly

Buzzwords
e “Allvalves closed”
o “Pressurerises, volume unchanged”

e “S1=AVvalve closure”



D. Phase 3 — Ventricular Ejection
Trigger
e When ventricular pressure exceeds arterial pressure > semilunar valves open:
o Aorticvalve
o Pulmonic valve
Blood is ejected into:
e Aorta
e Pulmonary artery
Stroke volume leaves the ventricle
Buzzword

e “Semilunar valves open when ventricular pressure > arterial pressure”

E. Phase 4 — Isovolumetric Ventricular Relaxation
Timing
o Begins after ventricular repolarization (associated with T wave)
Valve event
e When arterial pressure exceeds ventricular pressure > semilunar valves close
Heart sound
e Closure of aortic + pulmonic valves produces S2 (“dub”)
Volume status

¢ Allvalves closed again
- volume constant
> pressure falls rapidly

Buzzwords
e “S2=semilunar closure”

e “Pressure drops, volume unchanged”

F. Phase 5 — Ventricular Filling

When ventricular pressure < atrial pressure:



e AVvalves open again
> passive filling begins

Most filling is passive

e Atrial systole adds only a final boost

G. Key Clinical Sound Associations

Sound Cause (as stated) Normal?

S1 Closure of AV valves (mitral + tricuspid) Normal

S2 Closure of semilunar valves (aortic + pulmonic) Normal

S4 Atrial systole filling stiff ventricle Not heard in normal adults
Pearl

e S4 strongly implies decreased ventricular compliance (clinical extrapolation)

H. ECG Correlation Summary (high yield)

ECG Component Mechanical Event

P wave Atrial depolarization > atrial systole
QRS Ventricular depolarization - ventricular contraction begins
T wave Ventricular repolarization > relaxation begins

l. Valve Timing Cheat Sheet
AV valves (Mitral, Tricuspid)
e Openindiastole
¢ Close at start of systole » S1
Semilunar valves (Aortic, Pulmonic)
e Open during systole

e Close at end of systole > S2

J. “Don’t miss” exam triggers



e Atrial systole » Awave

e S4 occurs during atrial systole

e Isovolumetric contraction = all valves closed + S1
¢ Isovolumetric relaxation = all valves closed + S2
¢ Most ventricular filling is passive

¢ P wave ~ atria, QRS > ventricles, T wave = relaxation

K. Differential diagnosis hooks (from these concepts)

Finding

S4 gallop

Loud S1

Split S2

Absent S2

Section 6/10 — Flow of Blood Through the Heart (“Path of the Heart”) +
Chamber Sequence + Great Vessel Connections

The story: “Blood is a traveler with only one correct route.”

If you can narrate the path of blood smoothly, you will never get lost in
cardiac physiology, murmurs, shunts, or heart failure.

Think of blood as moving in a loop:
e Body > Right heart > Lungs > Left heart > Body

This section is the exact step-by-step highway.

Most associated
concept

Stiff ventricle,
diastolic
dysfunction

Increased AV
closure force

Differential closure
timing of semilunar
valves

Severe valve
pathology (clinical
inference)



Finding

A. The Complete Flow of Blood (memorize as a single story)
1. Systemic venous return > Right atrium
Deoxygenated blood from the body returns via:
e Superior vena cava (SVC)
e Inferior vena cava (IVC)
e Coronary sinus (venous drainage of the heart itself)
> empties into the Right Atrium
Buzzword

e “RAreceives systemic venous blood.”

2. Right atrium > Right ventricle (Tricuspid valve)
When RA pressure exceeds RV pressure:
e Blood flows through the tricuspid valve
> into the Right Ventricle
Clinical pearl

e Tricuspid valve = right-sided AV valve

3. Right ventricle » Pulmonary circulation (Pulmonic valve)
During systole:

e RV contracts

e Pressurerises

e Pulmonic valve opens
Blood enters:

e Pulmonary trunk > Pulmonary arteries

> goes to the lungs

Most associated
concept



Finding

4. Gas exchange in lung capillaries
In pulmonary capillaries:

e CO,leaves blood

e 0O, entersblood

Blood becomes oxygenated

5. Pulmonary veins > Left atrium
Oxygenated blood returns via:

e 4 pulmonary veins
> enters the Left Atrium

Buzzword

e “Pulmonary veins carry oxygenated blood.”

6. Left atrium > Left ventricle (Mitral valve)
When LA pressure exceeds LV pressure:

¢ Blood flows through the mitral valve (bicuspid valve)

> into the Left Ventricle

Clinical pearl

e Mitral valve = left-sided AV valve

7. Left ventricle » Systemic circulation (Aortic valve)

During systole:

e LV contracts

e Pressure exceeds aortic pressure

e Aortic valve opens

Blood enters:

Most associated
concept



Most associated

Finding
concept

e Aorta > systemic arteries - tissues

8. Back to systemic veins
After tissue exchange:
e Blood becomes deoxygenated again

e Returns via systemic veins
> SVC +IVC > RA

Cycle repeats

B. One-Line Exam Mnemonic (high yield)

SVC/IVC > RA > Tricuspid > RV » Pulmonic @ Pulmonary arteries > Lungs >
Pulmonary veins > LA > Mitral » LV > Aortic valve > Aorta > Body

C. Valve Placement Table (rapid recall)

Valve Location Function

Tricuspid RA > RV Prevents backflow into RA
Pulmonic RV > Pulmonary artery Prevents backflow into RV
Mitral (bicuspid) LA~> LV Prevents backflow into LA
Aortic LV > Aorta Prevents backflow into LV

D. “Don’t Miss” Clinical Pearls & Buzzwords
Pulmonary veins are the exception

e They carry oxygenated blood

e Mostveins carry deoxygenated blood
Right vs Left heart distinction

¢ Right heart = low pressure, pulmonary circuit



Finding

e Left heart = high pressure, systemic circuit
AV vs Semilunar valves
e AV valves: tricuspid + mitral

e Semilunar valves: pulmonic + aortic

E. DDx Matrix (flow-based heart disease logic)

Problem location Clinical consequence

Tricuspid regurgitation Backflow RV > RA, JVD, systemic venous congestion
Pulmonic stenosis RV outflow obstruction, RV hypertrophy

Mitral stenosis LA enlargement, pulmonary congestion

Aortic stenosis LV pressure overload, delayed carotid upstroke
Aortic regurgitation Water-hammer pulse, LV volume overload

(These are direct clinical links from the flow + pulse signs already present in
the document.)

Section 7/10 — Abnormal Heart Sounds, Murmurs, Pressure-Volume
Triggers, and High-Yield Valve Pathology Hooks (Integrated from
Document Concepts)

The story: “When valves fail, the soundtrack changes.”
Normal cardiac physiology is silent except for:

e S1(AVvalves closing)

e S2 (Semilunarvalves closing)
Everything else you hear is the heart telling you:
“Pressure is flowing the wrong way.”

This section integrates the cardiac cycle + flow + pulse findings already
present in your reviewer.

Most associated
concept



Finding

A. Heart Sounds — Normal vs Pathologic
Normal sounds (from earlier sections)
S1 (“lub”)

e Closure of mitral + tricuspid

e Marks start of systole

e Occurs during isovolumetric contraction
S2 (“dub”)

e Closure of aortic + pulmonic

e Marks end of systole

e Occurs during isovolumetric relaxation

Abnormal sound explicitly listed in the document

S4 (atrial gallop)
e Produced when atrial systole forces blood into a stiff ventricle
e Occurs during atrial systole
e Not audible in normal adults

Buzzword

e “S4 = atrium kicks against a noncompliant ventricle.”

B. Murmur Logic (Valve + Phase = Diagnosis)

Even if the document does not give a murmur table, it gives everything you
need:

e Valves open/close timing
e Flowdirection
e Pulse findings (Corrigan, delayed upstroke)

So here is the exam map directly tied to the cycle.

Most associated
concept



Finding

C. Systolic Murmurs (between S1 and S2)
1. Aortic Stenosis
Buzzwords from document

¢ Delayed carotid upstroke

e Obstruction during ejection

Mechanism

e LV contracts - blood forced through narrowed aortic valve - turbulent

systolic flow
Key sign (explicit)

¢ Delayed carotid upstroke

2. Pulmonic Stenosis

¢ RV outflow obstruction during systole

3. Mitral Regurgitation
e Mitral valve should be closed during systole

e Ifincompetent > LV ejects backward into LA

4. Tricuspid Regurgitation
e Backflow RV »> RA during systole

e Leads to systemic venous congestion

D. Diastolic Murmurs (between S2 and S1)
1. Aortic Regurgitation
Pathognomonic sign in document

e Corrigan/ water-hammer pulse

Most associated
concept



Finding

Mechanism
e Aortic valve incompetent > blood flows back into LV during diastole
e Causes high stroke volume + rapid runoff > bounding pulse
Buzzword

e “Water-hammer pulse = aortic regurgitation.”

2. Mitral Stenosis
e Mitral valve should open in diastole

¢ Narrowing »> impaired LV filling > LA pressure rises > pulmonary
congestion

E. Pulse Clues = Valve Diagnosis
Strong bounding pulse
e High pulse pressure
e Seenespeciallyin:
o Exercise
o Histamine
o Aortic regurgitation (Corrigan pulse)
Weak thready pulse
e Low stroke volume
e Seenin:

o Shock (explicit)

F. Pressure-Volume / Valve Event Triggers
Isovolumetric contraction
e Allvalves closed

e LV pressurerises rapidly

Most associated
concept



Finding

e S1occurs here
Ventricular ejection

e Semilunar valves open

e Stroke volume exits
Isovolumetric relaxation

e Allvalves closed again

e LV pressure drops rapidly

e S2occurs here
Ventricular filling

e AVvalves open

e Passivefilling dominates
Atrial systole

e Finalfilling boost

e Produces $4 if ventricle stiff

G. “Don’t Miss” Clinical Correlation Set

Shock physiology
e Thready pulse
e Low MAP because:
o COvV
o Possibly TPR abnormal
e Baroreflex activation:
o HR~

o Vasoconstriction ™

Orthostatic hypotension

Most associated
concept



Most associated

Finding
concept
e Standing »> venous pooling > CO v > MAP v

e Baroreceptors rescue unless impaired

Intracranial catastrophe

e M ICP > Cushingreaction > severe hypertension

H. Differential Diagnosis (DDx) Matrix — Based strictly on reviewer
triggers

Key trigger in

DDx bucket
document

Finding

Water-h Corri
ater-hammer (Corrigan) Strong pulse in AR Aortic regurgitation

pulse

Delayed carotid upstroke Example given Aortic stenosis

Thready weak pulse Explicit in shock Shock

Fainting on standing Orthostatic BP drop Orthostatic hypotension

E>.<treme hypertension Cushing reaction Intracranial hypertension

with MICP

I/ZT:;/E/aardia during Intact baroreflex Normal autonomic response
Autonomic

No HR response Valsalva Abnormal reflex
P dysfunction/blockers

I. Pathognomonic Signs explicitly present in reviewer
e Corrigan / water-hammer pulse > Aortic regurgitation
e Delayed carotid upstroke > Aortic stenosis
e Cushing reaction > intracranial pressure crisis

e S4 gallop - stiff ventricle (not normal)



Finding

Section 8/10 — Complete Hemodynamics Formula Sheet + Turbulence +
Korotkoff Physics + Ultimate “Numbers You Quote in Exams”

The story: “Cardio exams are physics exams wearing a stethoscope.”
This section is the pure equation + value dump from your reviewer pages.

If you memorize this section, you can derive almost everything else.

A. Master Equations (Every equation shown)

1. Mean Arterial Pressure (MAP)
Main formula

MAP =DP + ¥5(SP - DP)
Equivalent form

MAP=(2DP +SP)/ 3

Key statement

e MAP depends ~60% on diastolic and ~40% on systolic at normal HR.

2. Pulse Pressure (PP)

PP=SP-DP

Typical value given:
e ~40 mmHg

Determinants (listed)
1. Stroke volume output (most important)
2. Arterial compliance

3. Character of ejection (less important)

3. Compliance / Capacitance

Most associated
concept



Finding

C=V/P
Where:
e C=compliance
e V=volume
e P =pressure
Buzzwords
e \Veins have far greater compliance than arteries

e Compliance decreases with age (arterial stiffening)

4. Velocity of blood flow
v=Q/A
Where:

e v=velocity

e Q=flow

e A=cross-sectional area
Clinical tie:

e Velocityrises in narrowed vessels - turbulence risk

5. Flow equation (Ohm’s Law of circulation)
Q=AP/R
Also written explicitly:
Cardiac Output = (MAP - Right atrial pressure) / TPR
Buzzword

e Flow « pressure gradient

e Flow inversely « resistance

Most associated
concept



Finding

6. Poiseuille’s Law (Resistance)

R=(8nl)/(mr?

Where:

n = viscosity
L = length

r =radius

DON’T MISS

Radius is the dominant variable:

o smalldecrease in r> massive 7 resistance

Example logic:

Halving radius - resistance increases 16x

7. Resistances in Series

Rtotal=R1+R2 +R3...

Key concept stated:

Pressure progressively falls along the series

Largest resistance site: arterioles

8. Resistances in Parallel

1/Rtotal=1/Ra+1/Rb +... +1/Rn

Key points stated:

Total resistance < any single resistance
Adding parallel vessels decreases overall resistance

Pressure in each parallel branch is the same

9. Reynolds Number (Turbulence)

Most associated
concept



Most associated
concept

Finding

Re=(v-d-p)/n
Where:
e v=velocity
e d=diameter
e p=density
e n=viscosity
Thresholds given
e Re>200-400 - turbulence at vessel branches
e Re >2000 - turbulence even in straight smooth vessel
Factors increasing turbulence (listed)
e " velocity (stenosis)

e Vviscosity (anemia, low hematocrit)

B. Korotkoff Sounds = Turbulence Physics
Key principle

e Blood flow becomes turbulent when cuff pressure partially occludes
artery

e Turbulence generates audible vibrations = Korotkoff sounds

Interpretation
¢ First Korotkoff sound = Systolic pressure

o Disappearance of sounds = best correlate of Diastolic pressure
C. BP Measurement Equations + Technique Values
Palpatory vs Auscultatory

e Palpatory SBP is usually 2-5 mmHg lower than auscultatory

D. Normal and Pathologic Values (Complete list from reviewer)



Finding

Arterial Blood Pressure Classification (Adult)
Normal
e <120/<80 mmHg
Prehypertension
e 120-139/80-89 mmHg
Stage 1 Hypertension
e Age=181to0<60:
o 140-159/90-99
e Age =60:
o 150-159/90-99
Stage 2 Hypertension
e =2160/2100
Diabetes or renal disease (including age =60)
e Target:

o <140/<90

Adult Filipino classification (shown)
e Normal: <120/80
e Borderline: 120-139/ 80-89

e Hypertension: 2140/90

Pulse Rate Categories (Normal values)
¢ Normal: 60-100/min
e Fast: >100/min

e Slow:<60/min

Most associated
concept



Finding

Central Venous Pressure (from venous section)
e Normal RA pressure (CVP): ~0 mmHg
e Severe abnormal: 20-30 mmHg

e Lower extreme: -3 to -5 mmHg

Posture Venous Values

e Standing foot veins: ~+90 mmHg

e Walking reduces foot venous pressure to <+20 mmHg

e Sagittal sinus pressure (standing): =10 mmHg

Lymphatic Values
e Total lymph flow: 2-3 L/day
e Restthoracic duct flow: ~100 mL/hr
e Total baseline lymph: ~120 mL/hr
e Exercise increases lymph flow: 10-30x%
e Thoracic duct pump pressure: 50100 mmHg
e Lymph protein:
o Typicaltissue: 2 g/dL
o Liver:6g/dL
o Intestine: 3-4 g/dL
o Thoracic duct: 3-5 g/dL

e Fat content after meal: 1-2%

E. “Don’t Miss” Technique Errors (causing false readings)

e Cuff too small > falsely high BP

Most associated
concept



- Most associated
Finding
concept
e Arm below heart level - falsely high BP
e Patient tensing or holding arm up - alters BP

e Auscultatory gap > underestimates SBP or overestimates DBP

F. Buzzword Triggers for Exams
¢ MAP set point ~100 mmHg (vasomotor center)
e Pulse pressure ~40 mmHg
e Arterioles = chief resistance vessels
¢ Veins = capacitance vessels
e r*law (Poiseuille) = most tested equation
e Reynolds humber = turbulence + bruits + Korotkoff sounds
e Water-hammer (Corrigan) pulse = aortic regurgitation
e Delayed carotid upstroke = aortic stenosis

e S4 = atrial kick into stiff ventricle

Section 9/10 — Ultimate Exam Cheat Sheet (One-Page High-Yield Master
Map)

The story: “If the examiner wakes you up at 3 AM, this is what you must
still know.”

This section is the condensed exam survival sheet built only from your
reviewer content.

Everything here is either:
o explicitly stated, or

o directly inferable from valve timing + equations already present.

A. The Cardiovascular Master Equation Map (Core Physics)



Finding

Flow (Ohm’s law)

Q=AP/R

Cardiac Output relation

CO = (MAP - Right atrial pressure) / TPR
Resistance (Poiseuille)

R=(8nl)/ (rr?)
Radius dominates = r* effect

Velocity
v=Q/A
Turbulence predictor
Re =(v-d-p)/n
e >200-400 turbulence at branches

e >2000 turbulence in straight vessels

B. Blood Pressure Formulas (Must recite)
Pulse Pressure

PP=SP-DP
Typical: ~40 mmHg

Mean Arterial Pressure

MAP = DP + (PP)
MAP = (2DP + SP)/3

Key: MAP is ~60% diastolic

C. Normal Values Dump (Most Tested)
Parameter Normal / Key Values
Adult BP Normal <120/<80

Prehypertension 120-139 / 80-89

Most associated
concept



Finding

Stage 1 HTN
Stage 2 HTN
Filipino adult HTN
Pulse rate normal
CVP (RA pressure)

Severe CVP

140-159 / 90-99
2160 /2100
2140/90
60-100/min

~0 mmHg

20-30 mmHg

Standing foot venous pressure +90 mmHg

Walking foot venous pressure <+20 mmHg

Sagittal sinus standing

Lymph flow/day

=10 mmHg

2-3 L/day

Thoracic duct pump pressure 50-100 mmHg

D. Arterial Pressure Control Systems (Fast vs Slow)

FAST: Baroreceptor Reflex (Seconds)

Stretch receptors in carotid sinus

v MAP > ¥ stretch »> ¥ firing > ™ sympathetic + ¥ vagal

Effects (4 must-hit)

1. *HR

2. 2 Contractility+SvV-~>1tCO

3. ™ Arteriolar vasoconstriction > * TPR

4. 2 Venoconstriction 2 ® venous return

Vasomotor center MAP set point = 100 mmHg

SLOW: RAAS (Hours-Days)

Vv Renal perfusion = renin > Ang | > ACE (lungs) > Ang Il

Most associated
concept



Finding

Ang Il = 4 effects
1. Aldosterone » ™ Na* reabsorption (distal tubule) - ™ volume
2. * Na*-H* exchange (PCT) = contraction alkalosis
3. ™ thirst
4. Vasoconstriction > ™ TPR
Drugs mentioned:
e ACE inhibitors (captopril)

e AT, blockers (losartan)

ADH (Hemorrhage response)
¢ Not minute-to-minute regulator
e Released with ¥ volume/BP
Effects
e V1:vasoconstriction

e V2:waterreabsorption

ANP (Volume excess)

Released with 7 atrial pressure/volume
e VTPR (vasodilation)
e ™ Na"+water excretion

e VY renin secretion

LAST RESORT: Cerebral Ischemia Response

Brain ischemia > ® PCO, > massive sympathetic discharge
> extreme vasoconstriction > MAP can reach life-threatening levels

Named: Cushing Reaction (MCP > ischemia > BP surge)

Most associated
concept
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E. Cardiac Cycle Cheat Sheet (Valve + Sound + ECG)
Phases (in order)

1. Atrial systole

2. Isovolumetric contraction

3. Ventricular ejection

4. Isovolumetric relaxation

5. Ventricular filling

ECG Correlation

ECG Mechanical

P wave Atrial systole

QRS Ventricular contraction begins

T wave Ventricular relaxation

Heart Sounds

Sound Cause Timing
S$1 AV valves close Start systole
S2 Semilunar valves close End systole

S4 Atrial kick into stiff ventricle Late diastole (not normal adults)

F. Flow of Blood Through the Heart (One-line mnemonic)

SVC/IVC > RA = Tricuspid > RV 2 Pulmonic @ Pulmonary arteries > Lungs >
Pulmonary veins > LA > Mitral » LV > Aortic valve > Aorta > Body

G. Pathognomonic Signs (Explicit in Reviewer)

Most associated
concept
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Sign Diagnosis

Corrigan / Water-hammer pulse Aortic regurgitation

Delayed carotid upstroke Aortic stenosis
S$4 gallop Stiff ventricle
Thready pulse Shock
Cushingreaction Raised ICP crisis

H. Differential Diagnosis Matrix (Exam-ready)

Presentation Key Trigger DDx

Bounding pulse + . . N

wide PP Corrigan pulse Aortic regurgitation

Slow carotid rise Delayed upstroke Aortic stenosis

Weak thready pulse  Shock Hypovolemia/shock state

Venous pooling +

Orthostatic h t i
baroreflex failure rtnostatic hypotension

Lightheaded standing

Severe hypertension + . . Intracranial pressure
Cushing reaction

MCP emergency

Turbulent . . .
Reynolds Stenosis or low viscosity

bruit/Korotkoff

l. “Don’t Miss” Exam Traps
e Cufftoo small~> false HTN
e Arm below heart > false high BP
e Auscultatory gap > wrong SBP/DBP
e MAP is not average of SP and DP

e Coronary flow occurs mostly in diastole

Most associated
concept



Most associated

Finding
concept

e r‘lawisthe single most tested resistance principle

Section 10/10 — Final Completion Audit + “No Detail Left Behind”
Checklist + What Is Missing

The story: “We close the loop.”

You asked for something very strict:
e Scan everything thoroughly
¢ Include every equation, value, buzzword, and clinical pearl
e Do not leave details behind
e Breakinto 10 sections
e Be honestif something is missing or misinformation exists
e Exclusively from the document

This is the final verification.

A. What We Covered (Complete Content Map)

Below is every major topic contained in this reviewer file that appeared across
the pages we scanned:

1. Venous Pressure & Venous Return (Section 1)
Included:

e CVP =right atrial pressure

e Normal CVP ~0 mmHg

e Severe CVP 20-30 mmHg

e Negative CVP -3 to -5 mmHg
Venous pooling + posture:

e Standing foot venous pressure +90 mmHg

e Walking reduces to <+20 mmHg



Most associated
concept

Finding

e Sagittal sinus =10 mmHg (air embolism danger)
Venous pumps:

e Respiratory pump

e Skeletal muscle pump

e Venomotor tone

e Venous valves > varicose veins

2. Microcirculation + Starling Forces (Section 1)
Fully included:
e Capillary clefts, BBB vs sinusoids
e Pinocytosis
e Starling variable definitions
Filtration factors:
e ™Pc
e ITIC (nephrotic syndrome, liver failure, malnutrition)

e i (lymph failure)

3. Lymphatics (Section 1)

Included all numeric values:

2-3 L/day

Rest ~120 mL/hr

e Exercise ™ 10-30x

e Thoracic duct pump 50-100 mmHg
Protein concentrations:

e Tissue:2g/dL

e Liver:6g/dL



Finding

e Intestine: 3-4 g/dL
e Thoracic duct: 3-5 g/dL
Drainage anatomy:
e Thoracic duct »> left venous angle

¢ Right lymph duct - right venous angle

4. Hemodynamics Equations (Sections 2 & 8)
Every equation present was included:
e MAP=DP +¥3(SP-DP)

e PP=SP-DP

¢« C=V/P
« Q=APR
e V=Q/A

e Poiseuille: R = (8nl)/(rr?)
e Seriesresistance: Rtotal =sum

e Parallel resistance: 1/Rtotal = sum of reciprocals

Reynolds: Re = (v-d-p)/n
Thresholds:
e Re >200-400 turbulence at branches

e Re>2000 turbulence in straight vessel

5. Blood Pressure Measurement & Korotkoff Sounds (Section 2)

Included:
e Palpatory SBP 2-5 mmHg lower
e First Korotkoff sound = SBP

e Disappearance = best correlate of DBP

Most associated
concept



Finding

Errors:

Cuff too small » false HTN
Arm below heart - false high

Auscultatory gap » SBP underestimated or DBP overestimated

6. Normal BP Tables (Section 2)

Included all classifications shown:

Normal <120/<80
Prehypertension 120-139/80-89
Stage 1 140-159/90-99

Stage 22160/2100

Filipino HTN 2140/90

7. Autonomic & Hormonal Regulation (Section 3)

Baroreceptor reflex:

Carotid sinus stretch receptors
v firing > ® sympathetic + ¥ vagal

4 effects: HR™, contractility™, TPR™, venous return®

Vasomotor center set-point:

MAP = 100 mmHg

Valsalva maneuver sequence

RAAS:

Renin> Angl~>ACE > Anglll

Ang |l effects: aldosterone, Na-H exchange (contraction alkalosis),
thirst, vasoconstriction

Drugs: captopril, losartan

Most associated
concept



Most associated
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Finding

ADH:
¢ V1 vasoconstriction
e V2 waterreabsorption
ANP:
¢ Volume excess - natriuresis + Yrenin
Cerebral ischemia response:
e "™PCO, > massive sympathetic > life-threatening BP rise

¢ Named: Cushing reaction

8. Coronary Circulation (Section 4)
Included:
e Controlled almost entirely by metabolic factors
e Main: hypoxia + adenosine
e Flowreduced during systole - greatest in diastole

e Reactive hyperemia repays oxygen debt

9. Cardiac Cycle (Section 5)
Phases:
1. Atrial systole
2. Isovolumetric contraction
3. Ejection
4. Isovolumetric relaxation
5. Filling
ECG links:
e P wave > atria

e QRS> ventricles



Most associated
concept

Finding

e Twave > relaxation
Heart sounds:

e S1=AVclosure

e S2=semilunar closure

e S4 = atrial kick into stiff ventricle (not normal adults)

10. Flow of Blood Through the Heart (Section 6)
Full pathway:

SVC/IVC > RA > Tricuspid » RV » Pulmonic > Lungs > Pulmonary veins > LA >
Mitral > LV - Aortic valve > Aorta > Body

Valve table + regurg/stenosis logic

11. Pathognomonic Signs & DDx (Sections 7-9)
Explicit signs present:
e Corrigan / water-hammer pulse > aortic regurgitation
e Delayed carotid upstroke > aortic stenosis
e Thready pulse » shock
e Cushing reaction > ?ICP crisis
e S4 gallop - stiff ventricle
DDx matrix built strictly from these triggers

Section 10/10 — Final Completion Audit + “No Detail Left Behind”
Checklist + What Is Missing

The story: “We close the loop.”
You asked for something very strict:
e Scan everything thoroughly
¢ Include every equation, value, buzzword, and clinical pearl

e Do not leave details behind



Most associated
concept

Finding
e Breakinto 10 sections
e Be honestif somethingis missing or misinformation exists

e Exclusively from the document

This is the final verification.

A. What We Covered (Complete Content Map)

Below is every major topic contained in this reviewer file that appeared across
the pages we scanned:

1. Venous Pressure & Venous Return (Section 1)
Included:

e CVP =right atrial pressure

e Normal CVP ~0 mmHg

e Severe CVP 20-30 mmHg

e Negative CVP -3 to -5 mmHg
Venous pooling + posture:

e Standing foot venous pressure +90 mmHg

e Walking reduces to <+20 mmHg

e Sagittal sinus =10 mmHg (air embolism danger)
Venous pumps:

e Respiratory pump

e Skeletal muscle pump

e \Venomotor tone

e \Venous valves > varicose veins

2. Microcirculation + Starling Forces (Section 1)



Most associated
concept

Finding
Fully included:
e Capillary clefts, BBB vs sinusoids
e Pinocytosis
e Starling variable definitions
Filtration factors:
e ™Pc

e J1tc (nephrotic syndrome, liver failure, malnutrition)

e i (lymph failure)

3. Lymphatics (Section 1)
Included all numeric values:
e 2-3L/day
e Rest~120 mL/hr
e Exercise ™ 10-30x
e Thoracic duct pump 50-100 mmHg
Protein concentrations:
e Tissue:2g/dL
e Liver:6g/dL
e Intestine: 3-4 g/dL
e Thoracic duct: 3-5 g/dL
Drainage anatomy:
e Thoracic duct »> left venous angle

¢ Right lymph duct > right venous angle

4. Hemodynamics Equations (Sections 2 & 8)

Every equation present was included:



Finding

MAP = DP + ¥5(SP-DP)

e PP=SP-DP
e C=V/P

e Q=AP/R

e v=Q/A

e Poiseuille: R = (8nl)/(rr?)
e Seriesresistance: Rtotal = sum
e Parallel resistance: 1/Rtotal = sum of reciprocals
e Reynolds: Re =(v-d-p)/n
Thresholds:
e Re >200-400 turbulence at branches

e Re >2000 turbulence in straight vessel

5. Blood Pressure Measurement & Korotkoff Sounds (Section 2)
Included:

e Palpatory SBP 2-5 mmHg lower

e First Korotkoff sound = SBP

e Disappearance = best correlate of DBP
Errors:

e Cufftoo small > false HTN

e Arm below heart > false high

e Auscultatory gap > SBP underestimated or DBP overestimated

6. Normal BP Tables (Section 2)

Included all classifications shown:

¢ Normal<120/<80

Most associated
concept
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e Prehypertension 120-139/80-89
e Stage 1140-159/90-99
e Stage 2=2160/2100

e Filipino HTN =2140/90

7. Autonomic & Hormonal Regulation (Section 3)
Baroreceptor reflex:

e Carotid sinus stretch receptors

e Vfiring > * sympathetic + ¥ vagal

o 4 effects: HR™, contractility?, TPR?, venous return®
Vasomotor center set-point:

e MAP=100 mmHg
Valsalva maneuver sequence
RAAS:

e Renin~>Angl->ACE~> Angll

e Angll effects: aldosterone, Na-H exchange (contraction alkalosis),
thirst, vasoconstriction

e Drugs: captopril, losartan
ADH:
e V1 vasoconstriction
e V2 waterreabsorption
ANP:
e Volume excess > natriuresis + Yrenin
Cerebral ischemia response:
e "™PCO, > massive sympathetic > life-threatening BP rise

¢ Named: Cushing reaction

Most associated
concept
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8. Coronary Circulation (Section 4)

Included:

¢ Controlled almost entirely by metabolic factors
¢ Main: hypoxia + adenosine
e Flowreduced during systole - greatest in diastole

e Reactive hyperemia repays oxygen debt

9. Cardiac Cycle (Section 5)
Phases:
1. Atrial systole
2. Isovolumetric contraction
3. Ejection
4. Isovolumetric relaxation
5. Filling
ECG links:
e P wave > atria
e QRS -~ ventricles
e Twave > relaxation
Heart sounds:
e S1=AVclosure

e S2=semilunar closure

e 5S4 = atrial kick into stiff ventricle (not normal adults)

10. Flow of Blood Through the Heart (Section 6)

Full pathway:

Most associated
concept



Most associated

Finding

concept

SVC/IVC > RA » Tricuspid 2> RV = Pulmonic > Lungs - Pulmonary veins > LA >
Mitral > LV > Aortic valve > Aorta > Body

Valve table + regurg/stenosis logic

11. Pathognomonic Sighs & DDx (Sections 7-9)

Explicit signs present:

Corrigan / water-hammer pulse - aortic regurgitation
Delayed carotid upstroke > aortic stenosis

Thready pulse = shock

Cushing reaction > MCP crisis

S4 gallop - stiff ventricle

DDx matrix built strictly from these triggers

Absolutely — since these were missing from your reviewer, here is a brief
but high-yield concise cardiovascular embryology + layers summary (core
exam material).

1. Embryology of the Heart (Overview)

The heart is the first functional organ to develop.
Begins as a mesoderm-derived heart tube in week 3.

The tube undergoes looping and then septation to form 4
chambers.

Key buzzword: Heart tube > Looping > Septation > 4-chambered heart

2. Layers of the Heart Wall



Finding

Layer Description Origin/Key Point

. Inner endothelial Continuous with blood
Endocardium

lining vessel endothelium
Thick muscular

Myocardium Responsible for contraction
layer

Epicardium (visceral Outer protective

From proepicardial organ
pericardium) layer proep g

Pericardium

(fibrous/parietal) Surrounding sac Protects + anchors heart

Clinical pearl: Most infarcts damage the myocardium.

3. Germ Layer Origins (High Yield)
Structure Germ Layer Origin

Heart muscle + vessels Splanchnic (lateral plate) mesoderm

Endocardium Mesoderm
Myocardium Mesoderm
Epicardium Mesoderm (proepicardial cells)

Outflow tract septum Neural crest cells (ectoderm-derived)

Buzzword: The heartis mesoderm, but neural crest is critical for outflow
tract.

4. Septation (Partitioning of Chambers)

Atrial Septation
e Septum primum grows downward = closes ostium primum
e Apoptosis creates ostium secundum

e Septum secundum forms - creates foramen ovale

Most associated
concept
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After birth: © LA pressure closes foramen ovale > fossa ovalis

Defect: ASD (atrial septal defect)

Ventricular Septation
e Muscular septum grows upward
¢ Membranous septum completes closure

Defect: VSD is the most common congenital heart defect

5. Truncus Arteriosus + Outflow Tract Development
e The truncus arteriosus divides into:
o Ascending aorta
o Pulmonary trunk
This is done by the aorticopulmonary (spiral) septum.

Key requirement: Neural crest migration

6. Neural Crest Contributions (Don’t Miss)
Neural crest cells are essential for:
e Conotruncal septation
e Formation of:
o Aorticopulmonary septum
o Greatvessel separation
Neural crest defect syndromes:
Condition Embryologic Problem
Tetralogy of Fallot Abnormal conotruncal septation

Persistent truncus arteriosus Failure to divide outflow tract

Transposition of great arteries Failed spiral septum formation

Most associated
concept



Most associated

Finding
concept

DiGeorge syndrome Neural crest migration failure

Buzzword: Neural crest = outflow tract + great vessels.

Quick One-Line Exam Summary

e Heart=mesoderm heart tube

e Looping forms shape

e Septation forms chambers

e Neural crest forms outflow tract

e Endocardium-Myocardium-Epicardium are the wall layers
e VSD most common defect

e Conotruncal defects = neural crest issue



