L /\YV\@UVL\” 6@ \O\Q)@@Q = Z@w&bs‘;’g@'
v Wypo tenecion = Yook sy o, o>
pw - Couse J)

L A \oad = %C@'—,L




Shock

Sshockl splbo
il bl e Jua B LI o oy oo Al Yoy puuad] O s
blood flow (? dsuine YU i Si.oxygen g nutrients (o dusuublly daws b3
£lacdl W Juos gl
8)98J4 yuadg) oxygen Lle Juo 3 claedl (i i hypoxia o] Jeii Us
.(b49 nutrients yoii
.95 Jsim oxygen g nutrients lghay ¥ sLac3l ishock Ul>
5:)] £33 > alisu sliacdl Lle shock Ol
e ST olaiedl of Jobi 8,58) oxygen yodi Joou lgiko sbiaedl yasy
1o dugasdl slacll oSJ inutrients
(brain) §leoJl o
(kidneys) JI o
(liver) ouJl o
.(skeletal muscles) dulSag)l Olan)l pussy i3S Jooud] gudodsiud ¥
U9N @0 6-4 biad Joxxil (lung) &5 Jlg i (brain) Elel (heart) )l o
blood supply
d8,90 60-45 Joii (kidneys) Il i(liver) ausJl i(Gl) owdgll jlg=Jl o
Olelw 3=-2 Joxxii (skin) wdxJlg (muscles) Oas]l o
O 2oy i(peripheral organs) &bl slacedl 9 ischemia Wolj Lals
ugasdl slaedl Lle Blasl Jguwdll
sk Bdlowd G133 Louay awal o i
élo-.\." °
sl e
I e
Gyl e
oo G0 gay i soxygen ¥g glucose Jjsu 3 Eload] oS Sl Las
.death J| s cerebral hypoxia
Las s g Me Coug 10> 6 ubs AL shock seld)
Sa=>gs shock (o €95 05
sy BW ] pgasmds (Soy oI 1dsyi JUn

:shock JI glgii
1. Hypovolemic shock
2. Cardiogenic shock
3. Distributive shock
Shypovolemic $=o L Hypovolemic shock :£95 Joi
.(low volume) vl P polasil =y
HSVONERWRC Y]
e haemorrhage (<uj5)
o Jio dudj pu Ol gi:
o Jlewl (diarrhoea)
o Al @ =l (sweating)
o a8l (vomiting)
.blood volume yaasuy [Vl odw
.shock (9 gl JS33 2 %20-10 (o ST dudy gaail 19]
Scardiogenic ($=o b Cardiogenic shock : Wl g9l
(el B Juind) il G dsinall O $sa
sdliol
e congestive heart failure
o myocardial infarction
oo oyluiel (o S 1al) £ 94S obstructive shock uwad wuisl] yosu
LMV Jl blood flow Juldi J] 085 dsiinadl 0¥ cardiogenic shock
S JRCTVS

Cardiogenic shock = failure of the pump
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2. Anaphylactic shock
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@ 3) Irreversible shock

¢ severe hypoxia

e severe acidosis

¢ end organ damage
¢ cell death
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G What is the meaning of shock? = v
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Inadequate perfusion to meet tissue demands. A progressive process.
. S . Sppavd s — O
Occurs in 2% of hospitalized patients. novmal state
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Mortality 10% in children vs. 30-40% in adults. Bie e et e
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In other words, a systemic reduction in tissue perfusion = decreased
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What is the meaning of shockr—
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Initially, effects are reversible. Eventually:
Cell membrane ion pump dysfunction.
Cellular edema, leakage of cells’ contents.
Inadequate regulation of intracellular pH.
=> Cell death, organ failure, cardiac arrest, and death.
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What is the meaning of shock?

A disruption to homeostasis.
A reduction in blood flow to tissues, depriving them of oxygen (ischaemia).

Organs of vital importance, brain, heart, and kidneys can suffer irreversible damage,
eventually leading to death. —,
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Cardiovascular System— Frolo 52 QU 01 doso o

(Jestes oo k0 Ls

[khemra. IS (JQ_Q_):S
Transports oxygen (fuel) to cells.

Flow =
Removes carbon dioxide and other waste Perfusion
products for elimination from body. L ot e Pl
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.

(Cardiovascular System) 8,30 Joi @
by ilegll ldll jle] o
LM O, + nutrients Juwog: ©
CO, + waste Juiv ©
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Flow = Perfusion
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What is needed to maintain Perfusion?——
a3 Falivar s
Y U el
- Pump: Heart YRS SR
g\;]},; Oz
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- Pipes: Blood Vessels — I e

- Fluid: Blood — 3°°d chemicah, Gomponant

How can perfusion fail?

- Pump Failure

s v
- Pipe Failure Blood Vessells .

(S Jswiios perfusion glie pj3 o) 8)540 U @

rebuil 3 Wy
1. Pump (wld)l) @
- Loss of volume 2 Pipsa (e e (8
3. Fluid (pJ) O
Slokiniy has X

e Pump failure - Cardiogenic shock

* Pipe problem (vasodilation / dysfunction) - Distributive shock
o Loss of volume - Hypovolemic shock
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Classification of Shock
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Physiologic profiles of shock states

Type of Shock
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Hypovolaemic Shock

Low Volume.

Causes:
Ca i )
-haemorrhage -burns
Q!

o : : 1ol
-vomiting  -diuresis— &

5 .
-sweating -diarrhoea - Jev!

Cardiogenic Shock

Pump Failure.

Causes: e
Bl
—gcute MTI: -CHE T
—obstruction
~arrhyvthmias
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Neurogenic Shock

Loss of tone of blood
V€SS€IS. —shoss of Vascolow fones

Causes:

- spinal cord damage,
anaesthesia, pain, drugs,
hypoglycaemia.

Anaphylactic

Mass release of histamine due to
allergic hypersensitivity reaction
(foods, insect bites, blood
transfusion, drugs).

Increased capillary permeability
with vasodilation reduces venous

return and BP, 5

Cnndy Crsgo gl e Ul



Septic

Systemic infection. (baderia)
BE oM B
Bacterial toxins — wound infections, invasive procedures, UTI” ;a1 ¢

. . . - [
Respiratory infections. s

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

Immunocompromised patients at risk.
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@ 3. Neurogenic shock
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@ 4. Anaphylactic shock
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e vasodilation + 1 capillary permeability
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® 5. Septic shock

e wounds

o UTI @y

e respiratory infections
e procedures

e toxins + cytokines
e vasodilation sy

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

Blood Cardiac Systemic

Pressure = Output x Vascular Resistance

Given that:

BP = CO x SVR
P
SV X FIR
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es J s’ | CO=HRXSV

Owmsgo o) SVR 50 GO 5 gy 3

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.

BP = CO x SVR [ s Y (=) 3

We need to keep both sides balanced.

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

i.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.




Key Issues In Shock

Recognise and treat early (during compensatory phase)

Increased resp. rate,

Restlessness,
Anxiety,

Falling BP = Late sign of shock

signs of

Pallor, tachycardia and slow capillary refill = Shock until

proven otherwise

Hallmark symptoms are:
Decreased BP —

Increased HR —

4

V2
l\J
BP=CO x SVR
o CO: gy il Ul pudl daes
o SVR: ducodl doglio
CO=HRxSVs

1.CO M - BP > 1 dsuill &aS[agd of 1 paill o

0 o8 Euwal i3k Jaos bauall shock Jb

e MHR
* 7 contractility
* 1 vasocons triction / SVR
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* 1 respiratory rate
® anxiety / restlessness
e tachycardia
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3 Stages of Shock o o S
J ok 3l s
A progoressive process  Froms oo il 9
prog. P s
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Compensated Shock: Cardiac output
(HR x SV) and systemic vascular resistance (peripheral vasoconstriction) work to keep BP
within normal.

Dogl, o681 sy oy “—
On exam: Fachycardia; decreased pulses & cool extremities in cold shock; flushing and bounding pulses
in warm shock; oliguria; labs may show mild lacticracidosis
Sgshw“c U Fob < Airebic. e 1338 umz‘j
A\ U'*h")% e Urine Octo irebic. 3 o
C\‘(‘C\)\O\'\bv\ fj ¢ Xero Non- Aivobic. e Jo
~Hypotensive (Progressive) Shock: Compensatory mechanisms are overwhelmed.
A Qwu[_,vu.)
Hypo Fenssion On exam: As above, plus hypotension, altered mental status; labs may show increased lactic acidosis »  “as*v
ora : . : et == Lol an b
5 Generally quick progression to cardiac arrest. S .y s
ngms e\

Irreversible Shock: Irreversible organ damage, cardiac arrest, death occut—> Falivv

an e
B e Goepee TR Sl
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Compensated Shock

Compensatory mechanisms are successful in maintaining perfusion.

Presentation: oy
daly N ) G ot sl
G pab e e lachycardia, Tachypnoea.

Retness ~ <xneb s Tl o
Same 23 3 5 s )

=" - Decreased skin perfusion.

- Altered mental status.
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—8 Progressz ve Shock Irreversible Shock
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Compensation mechanisms begin to fail. Complete failure of compensatory

Presentation: mechanisms.
- hypotension.— B.F &

- marked increase in heart rate.above Death even in presence of

60 > 2t
X \ resuscitation.
e rapld, thready puls e. @ Stages of Shock (3 J>I)

() Compensated (Lo paudl = &)
s b pucl]
* THR (ta hy ardia)

- agitation, restlessness, confusion. e

riction - o)L wl>
o ol b ui5 | G5 oS

! BP Grub WL

& Progressive (Jid yazgaill)
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o VBP X (s fow 092 1080)

_—_—mM e o-e- - e o M HR (sad) ——

* pulse L= (thready)
* confusion [ agitation
* 7 lactic acidosis

&) Irreversible (k)
damage @ilo jLo

* organ failure

e cell death
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* - death



Inadequate cellular
Oxygen Delivery

1

Anaerobic

Energy
Produption

Production

Inadequate b Metabolism \+Lactic Acid

1

1

Metabolic
Failure

Metabolic
Acidosis

N /“

CELL
DEATH
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¥ Oxygen delivery Ll
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Anaerobic metabolism (oSt ogas)
s Joi [l
* { Energy (ATP)
- Metabolic failure
- Cell death
o U [l

® 7 Lactic acid
- Metabolic acidosis
- Celldeath

sl Aol
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Anaerobic metabolism > (4 ATP + 1 lactic acid) - acidosis + failure >
cell death
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® Compensated shock — Acttvebion v Recepher —

shimlavion
Y-o‘\f

R .
i [Baroreceptors detect fall in BP.
A A
Sympathetic nervous system activated.

2. Peripheral Effects:

1. Cardiac Effects: - R S
- Arteriolar constriction. ;

- Increased peripheral resistance.

- Increased force of contractions.

- Increased rate (tachycardia).

- Shunting of blood to main core organs.

- Increased cardiac output.

@
| @



3. Respiratory Effects:

Tachypnoea 1s one of the first signs that reflect reduced blood flow and oxygen
transport.

The cardiovascular and respiratory systems work together:

If blood flow around the body 1s compromised in any way, oxygen delivery to
tissues 1s reduced.

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 / 5. Hypothalamus Effects
- Decreased tenal blood flow - Decreased blood flow to the
- Renin released from kidney hypothalamus.
oo R A - Release of ADH from post pituitary
g;m,aalrhah'a shimolabion results 1n retention of salt, water, and
peripheral vasoconstriction.
results in peripheral L Work on Destah  tobe. &% Kaduey o orevenh
vasoconstriction, reabsorption Aoss of paber —
of Na* and H,0 Syhmie ) Wi &
Civedakion
Blood c;w,i Jecrense, 6. Hormonal Effects o155 1o 2
Shimilakion of Sympatabic 48 b o8 ¥l e-Glucagon (contributes to — S
VRl Mﬁ erglycemia).
Achivablon RARS Sl cvm @ et : ) T
<~ ADH Aoy piA ol & - ACTH (stimulates cortisol release and

. \ .
: Inhibition [ Awiak Naborikie.) i glucose production). e fue in obese, its a resdt oS
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< 4V BP
- Baroreceptors ks
- Sympathetic system Jsiin

¥ 1. Cardiac effects

e 1 HR (tachycardia)
e 1 contractility
e MCO

® 2. Peripheral effects

e vasoconstriction
e MSVR

o dagall clacil pudl Jug=i (brain + heart)

3. Respiratory

e 71 RR (tachypnea) = 6,50 dole

wlodl @

Sl jmoy o @

o9 Jobw lall ¢
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4. Renal ()

J renal blood flow

e 1 renin > RAAS Jsiiv
owlbi>l > Na + <o

& 5. Hypothalamus
e 1 ADH

- clbo ywlii>l + vasoconstriction

# 6.Hormones

e 1 glucagon
e 1 cortisol

(glucose) ddlall 29,J «
sl doMsJl &
1oy puudl @

2 HR + 1 SVR + JBlow pwli>! + 1 RR

]
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Role of ADH in dehydration

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

ADH
FILTRATE
(19> 0go) ADH :3oi 11
— 28,54l
. "0 0adU" podl il Uy el
nephron capillary
AD H * hypothalamus gw>y 1 osmolarity
V’ e ;2 ADH
ADH increases \l—/ 105G
the amount of Sl
water reabsorbed At « 7 reabsorption clal
from the filtrate to C P~ S o Lurine
the blood R i)
(blood volume) pall px>
bl 28, acluy
gbas| of
U h&dlaég:d;&l&ﬁg:@ld:hébq:ADH
urine blood
urine output is reduced as more water -.v/\/

is returned to the blood I



Presentation:

Compensated shock

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

- Tachycardia.
- Falling BP = late sign of shock.

Gm?em}rﬂ 5

s oy 15iYC R

- Possible delay in capillary refill.

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

- Flushed skin (Anaphylactic, Septic, Neurogenic shock).

- Nausea, vomiting, thirst.

- Decreased body temperature (Feels cold).

) - Weakness.

(JSaisdsIl (i @mi) Compensated shock ualy<i il @

:(VERY IMPORTANT) §,Su0 OloMe @

* 1 respiratory rate
* anxiety [ restlessness
o tachycardia

EARLY SHOCK = lghiss Glodle aal slo

rdage Gli>o

o 1 BP (ia> age) poumb Lu)
o 1 baall Jsj = late sign - ks s, progressive

)
hypovolemic / cardiogenic » bi + 3,k o
septic | anaphylactic [ neurogenic  »ameft3ls &

:adlo] cbil @

* delayed capillary refill
LRE-E)

* nausea /vomiting

o ol pulus]




Progressive Shock

1. Cardiac Effects:

- Decreased RBC oxygenation.

- Decreased coronary blood flow.
(—)&\; . . .

= Myocardial ischaemia.

-Decreased ventricular filling.

- Decreased force of contraction.

lyous ALl i slaw]
Koners

.

2. Peripheral Effects
- Peripheral pooling of blood.

- Plasma leakage into interstitial spaces.

- Cold, grey waxy skin.

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

- Decreased BP.

- Decreased body temperature.




3. Respiratory effects

O

O

O

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
Cor +Yho — W Co, —"3\'\_\—-&-\-\&3;;
G0 AT Ac(di\a) B — on),

removed. o

Dl 0

Central chemoreceptors will detect a fall in pH and stimulate the respiratory

centre to increase ventilation.—>

AL 70

This allows the excess acid to be ‘blown off’ in the form of COy

@ Progressive Shock (;b3J| dl>,0)
b3l 8)SaJl
Caagailly i awcnll
e g Sybu0 51
s Oy elaell

¥ 1. Cardiac effects (<JiJl):

© 4 oxygen il

4 coronary blood flow

. ey myocardial ischemia
ing (il Juoss e Lo pull)

& 2.Peripheral effects (Wl)b3l):

* pooling (dagall clacl Joy Sl gacniy) pald
o plasma leakage - dcolll (o gl JSlgal!

. soloy + )b al>

* confusion + restless

* THR oS pulse Giuns

o 1 LBP (dodle ool o)

4 body temperature

44 3.Respiratory effects:

* metabolic acidosis

* 1 ventilation (g guwid)
o ok G CO; ddganl Mg

« *lactic acidosis
o Cany il
o Juiad o clacl
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Response to acidosis

Anaerobic
respiration

PCO, and
H* in
blood

Lactic
acid

ﬁ H* in CSF

/4 expirati ] [expiration\
2

stimulation of
central
chemoreceptors

rate and
depth of
ventilation

frequency of
impulses to
medullary
rhythm
generator

o (d90>) acidosis ouis Lo puul

* 7 lactic acid (o« anaerobic metabolism)

1. 1 lactic acid
2. T H* (Logexdl)
3. audi central chemoreceptors (£LowJl (3)

o 1 rate & depth of breathing (gacis & sl Luais)

o CO, = waa>
o dogasdl b galbs L)
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Irreversible Shock

Loss ot peripheral vascular resistance.
: SiEie ;
Contusion, slurred speech, unconscious.

Slow, irregular, thready pulse.
Falling BP (diastolic is zero). 4

Cold, clammy cyanotic skin.

jgish pupils @
L8y G0 o £9.5 aule s Loy (dlilated) guwlg 095 $:541

Slow, shallow, irregular respirations. R

dduss e

dogaso aub gf ®

Sirreversible shock (3 ¢l yuay piu)

Dilated, SiNESEERIRINE > e

srasdll
Ay Grdy §2541 > Gusll e £90

Severely decreased body temperature.

sirreversible shock
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Irreversible Shock leads to:
Renal failure.
Hepatic failure.
Multiple organ systems failure.
Adult respiratory distress syndrome.
B B / ,,,,,,,,,,,,,,,,,,,,,,,,, -
Death.  cwna ofey ol gueves - o
bl s s s 2 S
@ Collapse. I Avolaic oV e
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