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Learning

e 4. Cellular responses to shock
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en NO Kreps Cycle

* Then you get Lactate and a proton H+
as waste product net 2 ATP

* |f there is oxygen, then it goes to Krebs
cycle and the waste products are CO2
and H20 and 36 ATP
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What is the
VA1 -~
* Metabolized in liver
* Takes 4-6 hours to metabolize

* Base deficit will correct in real time

* Protons are used up in the Krebs cycle
and electron transport chain to make
H20
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* Distributive Shock

* Anaphylactic

* Endocrine = adrenal insufficiency
* Hypovolemic

* Hemorrhagic
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Every Hypotensive patient for trauma has

Neu rogernc hypovolemic shock until proven otherwise
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Vasopressor Initial Dose Usual Maintenance | Alpha-1 | Beta-1 | Beta-2 | V1 V2 DA
Dose Range
Norepinephrine |  5-15 mcg/min 2-80 meg/min +++4 ++ ++ 0 0 0
Epinephrine 1-15 mcg/min 1-40 meg/min +++ ++ +t+ 0 0 0
Phenylephrine | 40-160 mcg/min 20-400 mcg/min i 0 0 0 0 0
Vasopressin 0.03 units/min 0.01-0.04 units/min 0 0 0 e | 4 0
0.5-2 meg/kg/min 0 + 0 0 0 ++
Dopamine 2-5 meg/kg/min 5-10 meg/kg/min + + 0 0 0 +
10-20 mcg/kg/min s ++ 0 0 0 t
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Receptors

Primary Normal Physiologic . Agonist Side . AntagonistSide Antagonizes /
Receptor Location Action Agonist Effects Effects Antagonist Effects Effects Opposes
Vascular i Hypertension, .
Vasoconstriction, oy . o . Orthostatic
ol smc_)oth muscle, mydriasis, 1 urinary T_BF_’, vasoconstriction, pupil  reflex _ Va_sodllatlon, | BP, improved hypotension, Opposes B2
pupils, bladder retention dilation bradycardia, urine flow dizziness
sphincter ischemia
CNS | NE release, | Bradycardia, Hvpertension
a2 (presynaptic),  insulin, | sympathetic | BP, sedation, | HR sedation, dry 1 NE release, 1 BP arﬁ)iet ’ Opposes B1, B2
pancreas tone mouth y
. 1 HR, 1 contractility, Tachycardia, Bradycardia, heart
B1 Heart, kidneys + renin T HR, 1 CO, 1 BP arrhythmias |HR, | CO, | BP block Opposed by a2
Lungs, uterus, - Bronchodilation, Bronchodilation, | uterine Tremor, Bronchoconstriction, uterine
B2 skeletal muscle vasodilation, uterine o tachycardia, . ’ Bronchospasm Opposed by a1
: tone . contraction
vessels relaxation hypokalemia
Vascular - Ischemia, | _— :
V1 smooth muscle Vasoconstriction 1 SVR, 1 BP organ perfusion Vasodilation Hypotension Opposes B2
: : : . Functional
Renal collecting Water reabsorption . Hyponatremia, A Dehydration, .
H ducts (ADH effect) I B GEEIEL fluid overload R hypernatremia gﬁl F:Zﬁgz el

Cutting Edge

@-Cutting Edge Surgical Medical Group

Surgical Medical Group



Major Functional Oppositions

e alvsff2

Key TeaChing e ol — vasoconstriction

e [32 — vasodilation & bronchodilation

RElathnShlpS e o2 vs Pl

(H igh_YieId) e a2 — | sympathetic output

¢ [31 — T cardiac stimulation
e Vivs[i2
¢ V1 — vasoconstriction

e [2 — vasodilation

e V2 vs Diuretics
e V2 — water retention

o [Diuretics — water excretion

@-Cutting Edge Surgical Medical Group




Common Drugs

and the Effects

Drug

Phenylephrine

Clonidine

Metoprolol

Albuterol

Vasopressin

Tolvaptan
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Action

al agonist

a2 agonist

B1 antagonist

B2 agonist

V1 + V2 agonist

V2 antagonist




Cardiogenic

Shock

Tachycardia

Hypoxia

Patients can die quickly

Impedes pre- load
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Chemical
Augmentation

* Norepi

* Epi

* Dobutamine
* Dopamine

* Milrinone

-
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Goals of
Mechanical

* Bridge to:
* Recovery
* Decision
* LVAD
* Transplant
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Spectrum of

Mechanical Support

e Impella (2.5/CP/5.0/5.5)
* Durable LVAD

Support escalates as:

* Hemodynamics worsen

* Pharmacologic therapy fails

-
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Intra-Aortic
Balloon Pump

 Deflates in systole - | afterload
Hemodynamic Effects

* Modest * CO (~0.5 L/min)

e | LV afterload

o I diastolic pressure

-
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|ABP: Pros,
Cons, Use

* Minimal CO augmentation

* No direct LV unloading

* Limited benefit in severe shock
Best For

* Mild cardiogenic shock

* Mechanical complications

* Bridge therapy
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Intra—aortic balloon pump (IABP)

Ba"OOn pump Iintra-aortic Balioon
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Impella:
What It Is?

* From LV - Ascending aorta
* Direct LV unloading

* Provides forward flow independent of rhythm

-
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Impella
Hemodynamic

* Improves coronary perfusion
* Key Advantage: True ventricular unloading

* Drawback need to anticoagulated and
causes hemolytic anemia
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Impella

Variants

Device

Max Flow

Access

Impella 2.5

~2.5L/min

Femoral

Impella CP

~3.5-4.0
L/min

Femoral

Impella 5.0/
5.5

~5.0-5.5
L/min

Axillary /
Surgical
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Impella: Risks &
Considerations

* Device migration

Clinical Use

* Moderate—severe cardiogenic shock
* High-risk PCI

* Bridge to LVAD or recovery

-
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How the

* This actively pulls blood from the LV

* And pushes it forward into the ascending
aorta

* Flow is continuous and pressure-
generating

- That’s active mechanical pumping, not
fluid entrainment.
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* Spins at 35000 RPM

Cutting Edge
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LVAD: Durable
Mechanical

* Long-term circulatory support
Types
* Bridge to transplant

e Destination therapy

-
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LVAD
Hemodynamics

ustains systemic perfusion
* Allows end-organ recovery
* Long-term survival improvement in advanced HF
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LVAD Risks

* Thromboembolism
* Right ventricular failure
e Lifelong anticoagulation
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LVAD (Left

, , Ventricular
) r~ | Assist Device)
0: 4 ) .
S (.f:‘f ! Blood pumped
e - 2 to aorta
e

a
o Controller
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Device
Comparison

Invasiveness Low Moderate High

Duration Days Days-Weeks HMonths=
Years

Shock Severity Mild Moderate-Severe End-Stage
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Obstructive
Shock

ension PTX, Card
embolism

laC tamponade, FUImonary

* Most dangerous shock
 Patient die quickly
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Pulmonary Embolism

Cut-away view through vein Blood clots occluding the

with an embolus breaking off right and left pulmonary arteries
and traveling up towards the
heart and lungs

Embolus

Obstructive Tension Pneumothorax

Vein with
thrombus

Tension Pneumothorax

Pathophysiology

Healthy
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With adequate fluid therapy, the heart
usually compensates by increase rate

and contracity, athough ths might Distributive
not be enough
Shock

D i St ri b u t i Ve Vessels dilate
Shock

reductionin SVR /

Capillary leak
worsens

hypovolaemia
and causes

insufficiency

Distributive shock—>
“Septic shock”

From infection

Hypotension and
tachycardia

Capillary Leak

Changesaboveleadto '\ /|
areductionin BP and |
organ perfusion
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Hypovolemic

* Hypotension

* Subcategory
* Hemorrhagic

-
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Classes of Hypovolemic Shock
Class I Class I1 Class 111 Class IV

Blood Loss <750 750-1500 1500-2000 > 2000

% Blood Vol. < 15% 15-30% 30 —40% > 40%
[ ]
Hypovolem Te Pilse <100 > 100 > 120 > 140
S h k Blood Pressure  Normal Normal Decreased Decreased

Pulse Pressure ~ Normal Decreased Decreased Decreased
Resp. Rate 14 -20 20-30 30-40 >40

UOP > 30 20-30 S-15 negligible
Mental Status  sl. Anxious mildly anx confused lethargic
Fluid crystalloid crystalloid blood blood
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Recognize
what type of
shock you are

treating

Treatment

Remember :

Three steps to
treating shock
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Oxygen
Delivery

e Cardiac Output =CO

* Ca0, = Oxygen carrying capacity of blood
¢ CClOZ =
1.34 (Hgb in grams)(Sa0,)+(0.003 x
Pa02)

-
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Disclaimer for Presentations

should be used as a reference and adapted to the specific needs of individual patients.

* Application of these presentations should be made by healthcare providers, taking into account the unique medical history,
condition, and circumstances of each patient.

* While Cutting Edge Surgical Medical Group strives to provide the most accurate, up-to-date, and evidence-based information,
we cannot guarantee that all content on the website is free from errors, omissions, or outdated information. Medical knowledge
evolves rapidly, and presentations may be updated periodically.

* Cutting Edge Surgical Medical Group does not assume responsibility for the outcomes of any medical decision or intervention
based on the use of these presentations. The use of this information is at the user's own discretion.

* Healthcare providers are encouraged to consult the latest peer-reviewed research, professional standards, and individual patient
assessments before making clinical decisions.

For specific medical concerns, treatment advice, or patient management, please consult directly with a qualified healthcare provider.
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