PATHOPHYSIOLOGY
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What is the meaning of shock?::dg S
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Inadequate perfusion to meet tissue demands. A progressive process.

Occurs in 2% of hospitalized patients>
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Mortality 10% in children vs. 30-40% 1n adults.
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In other words, a systemic reduction in tissue perfusion = decreased
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What is the meaning of shock?

M Compw M%

Initially, effects are reversible. Eventually:
Cell membrane ion pump dysfunction.”
Cellular edema, leakage of cells’ contents. Cy
Inadequate regulation of intracellular pHe¢ e

=> Cell death, organ failure, cardiac arrest, and death.
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What is the meaning of shock?

A disruption to homeostasis.
(700

A reduction in blood flow to tissues, deptiving them of oxygen (ischaemia).

Organs of vital importance, brain, heatt, and kidneys can suffer irreversible damage,
eventually leading to death.

Tissue ischaemic sensitivity: (
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- heart, brain, lung: 4-6 min

N

- GI tract, liver, kidney: 45-60 min

<

- muscle, skin: 2-3 hours
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Cardiovascular System
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(YTransports oxygen (fuel) tp\cell%,b e,
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Removes carbon dioxide and o@ s Perfusion
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ey Adequate Perfusion Inadequate

Perfusion =
Hypoperfusion

Cardiovascular system must be able to
maintain sufficient flow through capillary
beds to meet cell’s oxygen and fuel needs.
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What is needed to maintain Perfusion?

- Pump: Heart (/
- Pipes: Blood Vessels o4

- Fluid: Blood v

How can perfusion fail?
- Pump Failure
- Pipe Failure

- Loss of volume
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Classification of Shock
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Physiologic profiles of shock states

Type of Shock

Preload

Cardiac
Output

Afterload

Tissue
Perfusion

Hypovolemic

2 7

\7

Distributive

WV Or

Cardiogenic

P

\7

e

presentation. ppt&wdOrigin=BROWSELINK

©

)

&

https://view.officeapps.live.com/op/viewaspx?stc=https%3A%2F%2Fpeds.atizona.cdu%2FsitesYo2Fdefault%2Ffiles%2Feurriculum-files%2Fshock-



=

llrar X, I e o S T e
\=J mgm;a G [ Eadm Bov gyppe— <
’}WDM"M 0)’0‘4/01?41‘* ,_d-’/p v Sptdes, Ot Lo O
B A—JM@WM&' P%P 7> Pl
(),LW/“"
17— Hypovolaemic ShOCk/d%ardiogenic Shock
RN WPJ!W@/L\/_ C\Mﬂ,pel
/B Pt :
Low Volume. Pump Failure.
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Causesc/ﬂ Causes:
-hacmorrhage <= pZ s acute MI  -CHF
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Neurogenic Shock Anaphylactic
CW ety = —ato!
indlapmatror
Voplipl drmo <= Vo3 2 prioe] P”*fq .
Loss of tone of blood Mass release of histamine due to

vessels. allergic hypersensitivity reaction
(foods, insect bites, blood

Causes: et
transfusion, drugs).

- spinal cord damage,
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Septic « e
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Systemic infection. i Blpmmadin o
gamie e L s pmove vetrn. B YdoMine = Excessive vasoiledian

Bacterial toxins — wound infections, invasive procedures, UTI,
Respiratory infections.

Associated with pyrexia, marked generalised vasodilation and
intravascular micro-clotting;

Immunocompromised patients at risk.

/&eumbﬁ/:jﬂsw skl @')WU/“J
@) L gl el &) ¢
@Mu,an/w?*-‘" : : I— \f

TR G




@/

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

Blood Cardiac Systemic

Pressure = Output x Vascular Resistance

Given that:

pp- (O » PR

BR=1C S VR
Pt
SV X HR
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CO =FR X 5V

Cardiac output:

- Volume of blood ejected from each ventricle each minute.

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

Stroke volume:

- Volume of blood ejected per contraction (stroke).

©




By applying a mathematical aspect to the formula, we can start to identify how blood
pressure can be maintained.
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We need to keep both sides balanced. P W/

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

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

If BP decreases, we need to increase CO, SVR or both to bring it back up again.
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Key Issues In Shock
e

Recognise and treat early (during compensatory phase)

(ww K
Mﬂé’/ gk 2 ) Increased resp. rate,
i;'é’ = Restlessness,— » ~U (" Early
s b
W Otk e shock
A Joae PLO
e b3 5> ¥ Falling BP = Late sign of shock

)l ands bAY
s

"{%dwmm Tachgp Wﬁ,,)’allor, tachycardia and slow capillary refill = Shock until
0 proven otherwise
Ao %
A B

i Do = § BV <=5~ Hallmark symptoms are:
2 o Rl

Decreased BP
Increased HR




.
)

o

@

Stages of Shock
A progressive process
Compensated Shock: Cardiac output

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

On exam: Tachycardia; decreased pulses & cool extremities in cold shock; flushing and bounding pulses
in warm shock; oliguria; labs may show mild lactic acidosis

Hypotensive {Progressive) Shock: Compensatory mechanisms are overwhelmed.

On exam: As above, plus hypotension, altered mental statL‘lis labs may show W
O S malsy
Generally quick progression to cardiac arrest. = J 4 Lo—fj&, e 25 8 |
Onandogt )] N
Gt e
Irreversible Shock: Irreversible organ damage, cardiac arrest, death occur.

https / / wewofﬁceapps live.com/op/view.aspxrstc= https%?)A%ZF‘)/oZFpeds arizona. edu%ZFs1tes%ZFdefault%ZFﬁles%ZFcumaﬂum filesVs2Fshock-
- presentation.ppt&wdOrigin=BROWSELINK
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Compensated Shock

O DL L1 o Aotz )
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J vefym e
32’7} Compensatory mechanisms are successful in maintaining perfusion.
grf Presentation:
&
e e - Tachycardia, Tachypnoea.

; él_}Decreased skin perfusion. =Colol dheclh
e F

- Altered mental status.




Progressive Shock Irreversible Shock

Compensation mechanisms begin to fail. Complete failure of compensatory

e mechanisms.
Presentation: Octve AW %o
= hypotensionl/
- marked increase in heart rate. Death even in presence of
' resuscitation.
- rapid, thready pulse.

- agitation, restlessness, confusion.
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Inadequate cellular
Oxygen Delivery

1 %
Anaerobic W

Inadequate o Metabolism N Lactic Acid
Energy ' Production
Production 1
Metabolic Me_tabo_lic
Failure Acidosis
CELL
DEATH
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Compensated shock

Baroreceptors detect fall in BP.

. . achve
Sympathetic nervous system activated.
ST e T L S > Vedocophie

2. Peripheral Effects: )

. Cardiac Effects: > vingS
- Arteriolar constriction.
- Increased force of contractions. EEEa
- Increased peripheral resistance.
- Increased rate (tachycardia). 14
- Shunting of blood to main core organs.
- Increased cardiac output. %ﬂd VS o
Cﬁ"\/




3. Respiratory Effects:
= Tachypnoea is one of the first signs that reflect reduced blood flow and oxygen

transport.
® The cardiovascular and respiratory systems work together:

v If blood flow around the body is compromised in any way, oxygen delivery to
tissues is reduced.

v To compensate for this, ventilation will increase to attempt to increase oxygen
uptake in the lungs. So how does this happen? The Baroreceptors not only
stimulate the cardiovascular control center but also the respiratory center in the
medulla, increasing the respiratory rate.
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~ 4. Renal Effects </<LBP 5. Hypothalamus Effects
- Decreased renal blood flow - Decreased blood flow to the
- Renin released from kidney hypothalamus. - ache for o
e oL R AS - Release of ADH from post pituitary
results in retention of salt, water, and
peripheral vasoconstriction. 47 wwr
results in p'eri'pheral : PP o JZUK
vasoconstriction, reabsorgtlon o e ,y,fp L
ofNatand H O & .
6. Hormonal Effects Elucagon ”6’“;;’“
- Glucagon (contributes to Bré
hyperglycemia).
- ACTH (stimulates cortisol release and
glucose production).




Role of ADH in dehydration

osmoreceptors in
hypothalamus detect increase
in osmolarity of blood
and release ADH
into blood stream

FILTRATE

\
nephron

l
/i CXW ( g@V ADH increases

the amount of
water reabsorbed

from the filtrate to
the blood

urine

C

ADH

capillary

J

Ry

blood

urine output is reduced as more water
A is returned to the blood




Compensated shock

Presentation:

oA duee

- Increased resp. rate, restlessness, anxiety (earliest siens of shock).
r\,E 2 > g

- Tachycardia.
WZ,J —> Falling BP = late sign of shock.

! iﬂ/&fib Possible delay in capillary refill.
- Pale, cool skin (Cardiogenic, Hypovolaemic shock).
—E@d skin (Anaphylactic, Septic, Neurogenic shock).

- Nausea, vomiting, thirst.

Glos ¥
552 Bl /5
yoe Bt Weakness.

Decreased body temperature (Feels cold).
e e e N
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1 (- ) o %t Progressive Shock

. 3
1. Cardiac Effects: 2. Peripheral Effects \*(F@* gjs&{r
e

\/‘S/‘\ - Decreased RBC oxygenation. - Peripheral pooling of blood.

- Decreased coronary blood flow. < © - Plasma leakage into interstitial spaces.
—_——

Sl :
- Myocardial ischaemia. i OL&C}?V - Cold, grey waxy skm.i[,@{““’/ VO
-Decreased ventricular filling. - Restlessness, cgl@,_slo\wsgeech.

- Tachycardia, weak thready pulse.

- Decreased body temperature.
w

- Decreased force of contraction.

|©
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3. Respiratory effects

©)

Co, 1/ Ut/

If oxygen delivery to tissues continues to be inadequate, cells must do
anaerobic respiration to continue ATP production.

Anaerobic respiration produces lactic acid as a waste product — this must be
removed.

Central chemoreceptors will detect a fall in pH and stimulate the respiratory
centre to increase ventilation.

This allows the excess acid to be ‘blown off” in the form of CO,

S,
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Response to acidosis

PCO, and
H* in
blood

|

Anaerobic
respiration ————

Lactic
acid

ﬁ H* in CSF

ﬁ expiration
of PCO,

stimulation of
central
chemoreceptors

rate and
depth of
ventilation

frequency of
impulses to
medullary
rhythm
generator
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Irreversible Shock
Loss of peripheral vascular resistance.
Contusion, slurred speech, unconscious.
Slow, irregular, thready pulse.

Falling BP (diastolic is zero).

X
Cold, clammy cyanot% MR & 6\9 S
Ybrin %)
Slow, shallow, irregular respirations. ;@ 2
yahr
Dilated, s}ggiggl_@p,ls Ao ;
T AR s T PR B

#d o Severely decreased body temperature. O Catha
e L e S




Irreversible Shock leads to:

Renal failure.
Hepatic failure.
Multiple organ systems failure.

Adult respiratory distress syndrome.

Death. /







