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Vascular System Pathophysiology- Reduced blood flow (venous insufficiency) through
peripheral blood vessels characterizes all peripheral vascular diseases.

Effects of altered blood flow depend on extent of tissue demands exceeding supply of 02 & nutrients WI high tissue

needs, even slightly reduced blood flow may be inadequate to maintain tissue integrity.

Tis s+-ss fall prey to ischemia, become malnourished, & ultimately die unless blood flow is restored.

Pum tJ Failure

An inefficient heart causes inadequate Inadequate peripheral blood flow

left-side HF (ventricular failure) (CHF) causes pulmonary venous congestion & reduction in forward flow or cardiac

output, resulting in inadequate arterial blood flow to the tissues.

Right-side HF (ventricular failure) causes systemic venous congestion and a reduction in forward flow

Alterations in Blood and Lymphatic Vessels
Arteries can become damaged or obstructed as a result of atherosclerotic plaque, thromboemboli, chemical or

mechanical trauma, infections or inflammatory processes, vasospastic disorders, and congenital malformations.

Sudden arterial occlusion causes profound and often irreversible tissue ischemia and tissue death. When they develop

gradually, then less risk of sudden tissue death because collateral circulation may develop, giving that tissue the

opportunity to adapt to gradually decreased blood flow.

Venous blood flow can be reduced by a thromboembolus, incompetent venous valves, mechanical trauma, reduced

pumping action of surrounding muscles.

If [venous blood flow then jvenous pressure, subsequent i in capillary hydrostatic pressure = edema

Lymphatic vessels can get obstructed by tumor, mechanical trauma or inflammation = edema.

Edematous tissues don't get adequate 02INutrition so get breakdown, injury, and infection

Circulatory Insufficiency of the Extremities
Many types of peripheral vascular diseases exist, most result in ischemia and produce some of the same symptoms:

pa~skin changes, diminished pulse, and possible edema.

Peripheral vascular disease is categorized as arterial, venous, or lymphatic.

Arteriosclerosis and Atherosclerosis
Arteriosclerosis:most common disease of the arteries; means "hardening of the arteries." It is a diffuse process where

muscle fibers and the endothelial lining of the walls of small arteries and arterioles become thickened.

Atherosclerosis: affects intima of the large and medium-sized arteries.

Deposits of lipids, calcium, blood components, carbohydrates, and fibrous tissue on the intimal layer of the artery.

Called atheromas or plaques.

Pathology of arteriosclerosis & atherosclerosis differ, but usually occur together, terms used interchangeably.

Atherosclerosis is a generalized disease of the arteries, when present in extremities, then usually present elsewhere

Risk Factors for Atherosclerotic Vascular Disorders

Modifiable lifestyle factors: Dyslipidemia, obesity, sedentary lifestyle, smoking, stress

Modifiable Conditions: OM, HTN, and Metabolic Syndrome (i triglycerides, j cholesterol).

Non-modifiable: age, family history, gender, and race.

labs: Elevated C-reactive protein, Hyperhomocysteinemia

5&5 (really more like complications) depend on organ or tissue affected.

Coronary atherosclerosis (heart disease), angina, and acute MI.

Cerebrovascular diseases: TIA, stroke.

Ath sclerosis of the aorta, including aneurysm, and atherosclerotic lesions of the extremities

Renuvascular disease (renal artery stenosis and end-stage renal disease)

Medical Management
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PYRAMID TERMS
afterload The force against which the heart has to pump

(peripheral resistance) to eject blood from the left ventride.
Factors and conditions that would impede blood flow in-
crease left ventricular afterload.

/'""""arterial pressure The pressure of the blood against the
arterial walls. Pressure can be measured indirectly by sphyg-
momanometer or directly by arterial catheter. Readings are
expressed as systollc over diastolic. Arterial pressure in-
creases when the cardiac output, peripheral resistance, or
blood volume increases.

automaticity The ability of cardiac cells to initiate an im-
pulse spontaneously and repetitively without external neuro-
hormonal control. The pacemaker cells have the highest rate
of automaticity of all cardiac cells.

barore<:eptors Specializednerve endings located in the walls
of the aortic arch and carotid sinuses that are affected by
changes in the arterial blood pressure (BP).Increasesin arterial
pressurestimulate baroreceptors and the heart rate and arterial
pressure decrease. Decreases in arterial pressure lead to a less-
ened stimulation of the baroreceptors. vasoconstrictionoccurs.
and the heart rate increases;also called pressoreceptors.

blood pressure (BP) The force exerted by the blood
against the walls of the blood vessels. If the blood pressure
falls too low,blood flow to the tissues, heart, brain, and other
organs become inadequate. If the blood pressure becomes
too high, the risk of vessel rupture and damage increases.

;;.apillary pressure or hydrostatic pressure The pres-
sure exerted by the blood against the capillary wall. Normal
capillarypressure is 25 to 30 mmHgat the arterial end of the
capillaries, and 10 to 15 mm Hgat the venous end.

cardlac output The total volume of blood pumped through
the heart in 1 minute. The normal cardiac output is 4 to
7 Umin. Cardiac output equals stroke volume multiplied by

~ heart rate. Cardiac output can be calculated via the thermo-
dilution method when the client has a pulmonary artery
catheter (Swan-Ganzcatheter).

:hemoreceptors Nerve endings located in the aortic arch
and carotid bodies that are stimulated by hypoxemiaand that
subsequently transmit impulsesto the central nervous system.

onductivity The ability of the heart musclefibers to propa-
gate electrical impulsesalong and across cellmembranes.

-~ntractility The inherent ability of the myocardium to al-
ter contractile force and velocity. Sympathetic stimulation
increasesmyocardial contractility, so stroke volume increases.
Conditions that decrease myocardial contractility reduce
stroke volume.

diastole The phase of the cardiac cyde in which the heart
relaxes between contractions. Diastole represents the period
of time when the two ventricles are dilated by the blood
flowing into them.

diastolic pressure The force of the blood exerted against
the artery walls when the heart relaxes or fills.

excitability Theability of cardiac muscle cells to depolarize
in response to a stimulus. Excitability is influenced by hor-
mones, electrolytes, nutrition, oxygen supply,medication, in-
fections, and nerve charactenstics,

mean arterial pressure (MAP) An approximation of
the average pressure in the systemic circulation throughout
the cardiac cycle; used in hemodynamic monitoring. Mean
arterial pressure must be at least 60 mm Hg for adequate
organ perfusion.

paradoxical blood pressure An exaggerated decrease in
systolicpressure bymore than 10mmH9during the inspiratory
phase of the respiratory cycle.Normalvalue is 3 to 10 mm Hg.

postural (orthostatic) hypotension A blood pressure
decrease of more than 10 to 15 mm H9 of the systolic pres-
sure or a decrease of more than 10 mm Hg of the diastolic
pressure and a 10% to 20% increase in heart rate. Postural
hypotension occurs when the client's blood pressure is not
maintained adequately when moving from a lyingto a sitting
or standing position.

preload The volume of blood stretching the left ventricle at
the end of diastole. Preload is determined by the total circu-
lating blood volume and is increased by an increase in venous
return to the heart.

pulmonary capillary wedge pressure (PCWP) The
measurement obtained during momentary balloon inflation
of a pulmonary artery catheter; it is reflective of left ven-
tricular end-diastolic pressure. The PCWPnormally ranges
between 6 and 12mm Hg.Decreased PCWPindicates hypovo·
lemia, whereas increased PCWPindicates hypervolemia. left
ventricular failure. or mitral regurgitation.

pulse pressure The difference between the systolic and
diastolic pressure. Normal pulse pressure is 30 to 40 mm Hg.

refractoriness The inability of the heart to respond to a
new stimulus while still in a state of contraction from an
earlier stimulus. Refractoriness prevents uncontrolled rapid
cardiac contractions and helps preserve the heart rhythm.

stretch receptors Nerve endings located in the vena cava
and the right atrium that respond to pressure changes affect-
ing circulatory blood volume. When the blood pressure de-
creases because of hypovolemia, a sympathetic response oc-
curs, causing an increased heart rate and blood vessel

constriction. When the blood pressure increases because of
hypervolemia, an opposite effect occurs.

stroke volume The amount of blood ejected from the left
ventricle with each contraction. The normal stroke volume is
70 to 130 mUheartbeat. The stroke volume Gin be affected by
preload, afterload, contractility, and the Frank-Starling law.

systole The phase of contraction of the heart, especially of
the ventricles, during which blood is forced into the aorta and
pulmonary artery.

systolic pressure The maximum pressure of blood exerted
against the artery walls when the heart contracts.

venous pressure The force exerted by the blood against
the vein walls. Normal venous pressures are highest in the
extremities (5 to 14 ern H20 in the arm), and lowest closest
to the heart (6 to 8 ern H20 in the inferior vena cava).



Laboratory Test' Implications

·ReferenceRange'

BloodCllemistrries
r>.

Sodium (Na+) 135-145,
mEg/L '

" Potassium'(W} 3.5-5.0
mEq/L .

"calti~m(Ca+;} 8.6'- '
10.2mg/dL,

Low or high serum sodium levels do not directly affect cardiac function. ,
Hyponatrernia:Decre,ased sodium levelS'indicafe fluid excess and can be caused by heartfailure.or

, administration ofthiazide diuretics. " " ,', ' " ,
Hyp~matremia:lncreasedi sodium levels indicate ,fluiddeficitsand'can result from decreasedwater
intake,orJoss afwater through'-.exces$i\'esweatfing or diarrhea:' ' , '

Potassium has a major [olein cardiac electrophysioloqic function, ,
Hypokalemia: Decreased potassiumlevels 'due to adniinistr'ati0n of potassillm-excre~ing diuretics
tan cause many forms of dysmythnnias, including jife=fhreatening ventricular tachycardia orventricular
fibrillation, and predispose patients takingdigitalisp[E:~parations to digitalis to~iciJy.) ,

, Hyperkalemiir Increased potassium levels canresut froma n increased intake of potassium (eg, . '
foods high in'potassium or potassium supplements), decreased renail.excretionof potassium, use of
potassium-sparing' diuretfcs,(eg, spironolactone), or use of ~ngiotensirhconvertingenZynie inhibitors
(ACE ~nhibitors) that inhibit aldosterone function.· Serious consequences of hyperkalemia include
heart block, asystole, andtife-threateningventriculardysrhythnii~s.' . . ' .

Calcium is necessary for bloodlcoagulabifity; neuromuscular activity,and automaticity ofthenodal
cells (sinus and atrioventricular nodes):' ',',' '. .
Hypocalcemia: D'ecreased caldurri levels sfownodalfunctionandimpairmyocardlal contractility. The
latter effect increases the risk for hear:tfailulTe., ' . ',': '
Hypercalcemia: Increased! caltium levels can occur vlith the administration of thiazide: (jiuretics .'
because ~e medications reduce renal excretion of calourn. Hypercafc~mia PQuentiatesdigitalis
toxidty, causes increased myocardial contractility', and increases the risk for villyingdegrees otneart.
blode and sudden death from venmenlal fibrillation" ' " ' ' .

Magnesium (MgH) "
1.3-2,3mEq1L'

Blood urea nitrogen .
.(BUN) 1 6--:-2CD mg/9L

Glucose Fasting: 60-
110 I11gJdL'

Glycohemoglob in
Moglobin A1c)
~~.Idiabetic: 4...wJ.4%

aqnesium ISnecessary or. e~, sorp Ion 0 ca Dum, main enance a po assi um stores, an
metabolism of adenosine mphosp hate. It plays a major, role in protein and ca[b ohydiate synthesiS and
muscular comracnon. ' ,

.Hypomagnesemia: Decreased magnesium levels are due to enhanced renal excrefion of ,
, rTl!lgnesiiJrn from the use of diureti cor digitalis therapy r , Low magnesium levels predispose patients to

atrial or ventricular ta~h'ica[dias., _ " .
. Hyperrriagnesemia: Increased magnesium levels ate commonly caused by 1heuse of catt\artic;s or, .

an,tacids containing maqnesi urn. Increasedmagn~iumlevels. depress contractility and excitability of
if, the myocardium, causing heart block and, if severe, asystole. '

B\JN:andcreatinine ~re endPro~ucts ofprotein metabolism excreted by the kidneys: ,
Elevated BUN reflects reduced renal perfusion from decreased card'iacoutput or intlTavascu!arfluid
volume deficit as a ,result of diuretic therapy or dehydration. " , " - .' (

Both BUN and'creafinineare us~d to assess, renal function, although! cfeaiinine is am'Qre~ensitive
measure. Renal impairment is deteded by an increase in both BUN arid creafioine.A normal
creatiinine level and anelevatedl BuN suggest an intravascurar fluid volume deficit "

. Grucose-le:velsme:elevHte<1i[l stressfUl ~ituations, whenmobUizatiolll of endogenous epinephrine
, "results inconversiQnof liver glycogen toglueose.:Semm'glucose levels ar,e dr8'W11l in a fasting state.

Glyeohemoglobin(hemoglobin A1C) IS,monitored iripeople with diabetes~.ltreHects the blood'glucose
leve.ls ov~r 2~3 mo. Th~gtycemfc goai is to maintain the hemoglobin A1C be-!ow7% reflecting
consistent near~n()rrri:alblood lucose levels: ,.



Partial thromboplastin
~ (PIT) 60-70 sec

Activate:d partial
thromboplastin time
(aPn) ¢O~39see..:

PrQthrombintirne (PT)
9~5-12sec

International normalized
ratio ~NR)4~O
,.. -.

coagulation cascade, the complex interactions amon:g phospholi pids; £fIlcium, 'and ciotti ng factors
thai convert prothrorTIbinto thrombin. The coagulation cascade has-two pathwGiYs,the intrinsic and
'extrinsiC pat~ways. Ceaqulation'studles are roUtinely performed before inVaSive procedures, such as
cardiac catheterization,elediophysi-ology testing, arid cardiac surgery. '-

PTT or aPTT measuresthearnvity .oHhe intrinsic pathway aodis used tcassessjhe-ejtects of _
unfractionated heparia.A therapeUticrange is 1,5-2.5 times baseline values. Adjustment of lieparin

. dose is required for aPlT <50 see (dose) 0[> 100 sec ( dose).", . .

PT measures the extrmsic pa1hwayactivily and is used to monitor the leyelof anticoagulation with
warfarin (Coumadiin). . . ~. • .-

T~ INR, reported] With the PT, provides a standard riJeth~dI for reporting PT levels ar:id.elirriin~testhe
variation of PT resu~:sworn different laboratories. TheINR,· rather than the PT alone, is used to monitor
'theeflfe,diveness of warfarin, The therapeutIc range for INR is 2-3.5, atthough specific ranges.vary .
based on diagnosis. ' .

Hef.1latologie Studie,

Complefe blood count
{CBC}

White blood c~1I(WBC)
count 4500-
~OO()/mrn3

Hernatocnt
Male: 42::..c52%
F;emale: 35-47.%
Hemoglobin'
Male: 13-:-18,gidL
Female: 12-16 gldL, .

Platelets 150,000-
450,OoOimm3 .

The.CBC identifies the tqtal number ofV<.41ite.and red bldod cellsanop/atelets, and measures'
hemOglobin and hematocet.Tna eac is carefully monitored inpatients witll cardiovascular disease.

, " '. . -, .

)NBC io~nts are mOrii~bredin immunocompromised patienfs.intludilflg patie~ts with heart nansptants
orin situations where there is concern for infection (eg, after invasive procedures or slirQery),

The hematocrit represents the 'percentage of red blood cejs found in 106 mt..:of whoCe bloodl. The red
blood:cells.contain hemoglobiOl, whic~~ansports oxygiento the ceas..lownemoglobin and! hematocrit

. levels have serious consequences for p{ltients.with cardipvascufatdisease, such as more frequent
, angina episodes or acute myocardial infarction. .'. "', . . ."

~., • -. ~ , >

Platefets 'are the first line of protedion against bleeding. Once activated by b~oQdvessel wall injury or'
. \ rupture of atherosclerotic plaque, plate,lets undergo chemical changes that form a thrombus: Several

medications inhibit platelet function, including aspirin, clopidogrel{Plavix): and 'intravenous
glycoprotein IIblJllainhibitors (abcixima:b (ReoPro], eptifibatide pntegrilinl, andltirofiban (Aggrastat]J
.When th;e-semedications are administered, It is essential to mOflitor tor thrombocytopenia (low .~~~~. ,.


