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Learning objectives

• Distinguish the three general stages of shock and their limitations.

• Explain neurohumoral compensation and its clinical signs.

• Trace acidosis, microvascular injury, and organ failure through progression.

• Recognize organ-level lesions and relevant bedside patterns.



Shock is systemic tissue hypoperfusion

Circulatory failure impairs perfusion and produces cellular 

hypoxia.

• Reduced cardiac output and/or effective circulating blood volume can initiate shock.

• Cellular injury is initially potentially reversible.

• Prolonged shock may culminate in irreversible tissue injury and death.



The pathological sequence begins with inadequate delivery

Circulatory failure

Pump, volume or 
vascular dysfunction

Tissue 
hypoperfusion

Oxygen supply becomes 
inadequate

Cellular hypoxia

Energy metabolism is 
disrupted

Organ injury

Multiple organs may fail

Correction before severe cellular injury can interrupt this pathway.



Major initiating forms of shock

Hypovolemic

• Hemorrhage or fluid loss

• Insufficient blood or plasma 
volume

• Reduced cardiac output

Cardiogenic

• Intrinsic myocardial injury 
or arrhythmia

• Mechanical compression or 
outflow obstruction

• Pump failure

Septic

• Dysregulated response to 
infection

• Vasodilation and vascular 
leak

• Microvascular and 
metabolic dysfunction

Different initiating mechanisms can converge on tissue hypoxia.



A stage is not the same as a type of shock

Type identifies the cause; Stage describes evolving physiological 

injury.

• Hypovolemic shock provides the clearest classic model of staging.

• Progression through analogous stages may occur in other shock types.

• Septic shock can diverge from the classic cool, vasoconstricted pattern.



Three general stages

Nonprogressive

• Reflex compensation 
dominates

• Vital-organ perfusion 
maintained

• Potentially reversible

Progressive

• Widespread hypoperfusion

• Lactic acidosis develops

• Circulatory dysfunction 
amplifies

Irreversible

• Severe cellular/tissue injury

• Correction of 
hemodynamics no longer 
sufficient

• Fatal outcome in the classic 
definition

These are conceptual phases—not validated bedside severity cutoffs.



The staging model has important limits

• The transition between stages may be imperceptible, not abrupt.

• The stages as “somewhat artificial.”

• Massive insults may cause rapid death without an observable sequence.

• Septic mechanisms and outcomes are especially complex.

Do not assign a stage from one physical sign or an assumed timeline.



Nonprogressive shock: Preserve vital-organ flow

Compensatory reflexes temporarily maintain cardiac output and 

pressure.

• Baroreceptor responses and sympathetic activation recruit cardiovascular reserves.

• Hormonal pathways favor circulating-volume conservation.

• Perfusion is preferentially supported in the heart and brain.



Compensation begins as perfusion is threatened

Reduced effective 
perfusion

Circulatory disturbance

Baroreceptor reflex

Neurohumoral 
responses

Sympathetic 
activation

Cardiovascular 
adjustments

Redistributed flow

Vital organs protected

These reflexes compensate for shock; They do not remove its cause.



Catecholamines support an immediate response

Autonomic responses defend perfusion within the limits of the insult.

• Endogenous catecholamine release is part of early compensation.

• Sympathetic activation increases heart rate.

• Peripheral vascular constriction helps sustain systemic pressure.



Tachycardia is a compensatory sign

An increased heart rate helps defend cardiac output.

• Heart rate is one component of the early neurohumoral response.

• A weak, rapid pulse is a common clinical manifestation of shock.

• Persistent or worsening signs should prompt assessment of inadequate perfusion.



Peripheral vasoconstriction alters visible skin perfusion

Sympathetic stimulation

Early compensation

Cutaneous vasoconstriction

Reduced skin blood flow

Cool, pale skin

Classic “shocky” appearance

Skin appearance reflects regional blood flow—not a direct measure of every organ.



Antidiuretic hormone conserves water

Volume conservation complements rapid vascular and cardiac reflexes.

• Antidiuretic hormone release contributes to the early hormonal response.

• Renal water conservation helps limit further loss of circulating volume.

• This response occurs alongside sympathetic and renin–angiotensin signaling.



Renin–angiotensin–aldosterone activation

Reduced effective 
perfusion

Renal/vascular stress

RAAS activation

Hormonal compensation

Renal fluid conservation

Support circulating volume

Hormonal compensation supports circulation but does not replace lost volume.



Compensation operates through complementary pathways

Heart

• Sympathetic signals

• Tachycardia

• Cardiac output defended

Vessels

• Peripheral vasoconstriction

• Flow redistributed

• Blood pressure supported

Kidney

• ADH and RAAS activation

• Fluid conservation

• Volume losses limited

All three responses are contingent on the initiating insult being addressed.



Brain and heart are relatively protected early

• Coronary and cerebral vessels are less responsive to sympathetic vasoconstrictor 
signals.

• They preserve relatively normal caliber, flow, and oxygen delivery initially.

• Blood is preferentially diverted from skin toward essential organs.

Relative protection is not immunity to sustained shock.



Cool and pale skin follows blood redistribution

Reduced cutaneous perfusion is an intended consequence of 

compensation.

• Generalized sympathetic activation produces cutaneous vasoconstriction.

• Skin may become cool, pale and clammy in hypovolemic or cardiogenic shock.

• The finding reflects peripheral adaptation to circulatory stress.



Early septic shock may look different

Pattern Peripheral vascular behavior Typical skin presentation

Hypovolemic Compensatory vasoconstriction Cool, pale, clammy

Cardiogenic Compensatory vasoconstriction Cool, pale, clammy

Septic (initially) Peripheral vasodilation may predominate Warm, flushed

Skin temperature alone cannot classify stage or exclude shock.



Clinical application: Compensated phase

A patient has lost a substantial volume of blood. Examination shows 
tachycardia, cool pale skin and a weak pulse. The patient remains responsive.

Which physiological responses explain the early findings?

Baroreceptor reflex • Sympathetic activation • Blood redistribution



Case interpretation: Early compensatory physiology

• Tachycardia reflects the sympathetic/catecholamine response.

• Skin pallor and coolness reflect peripheral vasoconstriction.

• Relative support of cerebral/coronary flow explains the compensatory objective.

• These findings do not guarantee adequate perfusion or exclude progression.

Recognize compensation and investigate the cause immediately.



The progressive stage begins when compensation fails

Persistent hypoperfusion produces a worsening circulatory–

metabolic disturbance.

• The underlying insult remains unresolved or overwhelms adaptive mechanisms.

• Widespread tissue hypoxia develops.

• Progression feeds on the consequences of inadequate flow.



Persistent hypoxia changes energy metabolism

Reduced tissue O₂

Sustained low perfusion

Aerobic respiration 
impaired

Insufficient oxidative 
metabolism

Anaerobic 
glycolysis

Greater reliance on 
glycolysis

Lactic acid 
production

Metabolic acidosis 
develops

This metabolic shift is one hallmark of progressive shock.



Cellular oxygen deficit is the proximate injury

The pathologic target is tissue oxygen availability, not a number alone.

• The progressive phase is characterized by widespread tissue hypoxia.

• Hypoxia compromises oxygen-dependent cellular metabolism.

• Energy derangement precedes and accompanies organ dysfunction.



Lactic acidosis marks metabolic deterioration

Ongoing anaerobic glycolysis produces excess lactic acid.

• Lactic acid accumulation lowers tissue pH.

• Acidosis is a consequence of sustained hypoxic metabolism.

• The altered pH also worsens cardiovascular compensation.



Acidosis undermines vascular compensation

Sustained oxygen 
deficit

Anaerobic glycolysis

Lactic acid 
accumulation

Lower tissue pH

Blunted vasomotor 
response

Constriction less 
effective

Arteriolar dilation

Circulatory distribution 
worsens

The compensatory vascular state shifts toward maladaptive dilation.



Arteriolar dilation promotes peripheral pooling

Vasodilation at this stage is a consequence of metabolic failure.

• Low tissue pH blunts normal vasomotor responsiveness.

• Dilated arterioles contribute to blood pooling in microvascular beds.

• Pooling reduces the effectiveness of circulation despite a remaining blood volume.



Peripheral pooling worsens the circulation

Arteriolar dilation

Reduced vasomotor 
tone

Microvascular 
pooling

Blood trapped 
peripherally

Lower effective 
cardiac output

Systemic flow worsens

Further 
hypoperfusion

Oxygen deficit deepens

A self-reinforcing hemodynamic cycle is now established.



Anoxic endothelial injury adds a second mechanism

Progressive shock becomes both hemodynamic and microvascular.

• Reduced microvascular perfusion places endothelial cells at risk of hypoxic injury.

• Endothelial damage can create a prothrombotic environment.

• Microvascular thrombosis compounds the original deficit in perfusion.



Microvascular thrombosis amplifies hypoxia

Endothelial injury

Anoxic vascular stress

Coagulation 
activation

Thrombi may form

DIC in severe cases

Widespread 
microthrombosis

Impaired regional 
flow

Additional tissue injury

DIC is a possible severe complication—not an obligatory finding in every case.



Progressive shock is a positive-feedback disorder

Persistent hypoperfusion

Oxygen delivery declines

Lactic acidosis

Vasomotor response blunted

Peripheral pooling

Effective circulation worsens

Microvascular injury

Thrombosis compounds hypoxia

Both impaired flow and microthrombosis contribute to tissue injury.



Why vital organs deteriorate in progression

Circulatory

• Less effective organ blood 
flow

• Reduced cardiac output

• Increasing hypoperfusion

Metabolic

• Sustained cellular hypoxia

• Lactic acidosis

• Disturbed tissue function

Microvascular

• Endothelial injury

• Possible DIC

• Local ischemia worsens

The mechanisms act together rather than in isolation.



Septic shock can intensify progressive injury

• The parent section describes systemic vasodilation and vascular leak.

• Endothelial activation and heterogeneous microvascular flow impair tissue oxygen 
delivery.

• Microthrombi and metabolic abnormalities contribute to multiorgan dysfunction.

Sepsis adds inflammatory and endothelial pathways to the generic stage model.



Nonprogressive versus progressive shock

Dimension Nonprogressive Progressive

Dominant process Compensation Deteriorating hypoperfusion

Vascular state Reflex vasoconstriction often evident Acidosis impairs vasomotor response

Metabolism Vital flow relatively maintained Anaerobic glycolysis; Lactic acidosis

Organ function Initially protected Dysfunction emerges

The boundary is continuous, not sharply defined.



Clinical application: Progressive phase

A patient with an ongoing severe hemorrhage develops increasing tissue 
hypoperfusion, metabolic acidosis and diminishing urine output despite initial 
compensatory signs.

Which stage and feedback mechanisms are most consistent?

Oxygen deficit • Lactic acidosis • Reduced effective flow



Case interpretation: Progressive shock

• Persistent blood loss sustains systemic tissue hypoperfusion.

• Hypoxic metabolism generates excess lactate and acidosis.

• Impaired vasomotor response and blood pooling aggravate circulation.

• New organ dysfunction signals progression rather than successful compensation.

Early restoration of effective perfusion is crucial before irreversible injury.



Irreversible shock is defined by failure of rescue

Cellular and tissue damage becomes too severe for survival 

despite hemodynamic correction.

• The label is a pathophysiologic endpoint, not a simple bedside measurement.

• Multiple self-perpetuating mechanisms now contribute to organ failure.

• Death as the culmination of the downward spiral.



Widespread cellular injury dominates late shock

A return of pressure is not the same as restoration of cellular viability.

• Persistent ischemia produces severe cellular and tissue injury.

• Injury is no longer limited to transient energy failure.

• Multiple organs may be unable to recover functional integrity.



Lysosomal leakage aggravates late shock

Severe cell injury

Membrane integrity impaired

Lysosomal enzymes leak

Intracellular degradative enzymes 
released

Additional tissue damage

Injury further propagates

The lysosomal mechanism illustrates late destructive cellular injury.



Myocardial contractile failure worsens

The heart shifts from a protected organ to a contributor to the collapse.

• Myocardial contractile function deteriorates during irreversible shock.

• The textbook implicates increased nitric oxide (NO) synthesis in part.

• A failing pump compounds systemic tissue hypoperfusion.



Ischemic bowel can intensify systemic injury

Intestinal ischemia

Mucosal barrier damaged

Translocation of flora

Bacteria may enter circulation

Superimposed bacteremia

Shock may be further complicated

This complication is possible, not inevitable.



Renal ischemia may lead to renal failure

The kidney is both a target of ischemia and a source of further physiological 
disturbance.

• The kidney is particularly vulnerable to persistent hypoperfusion.

• Ischemic renal injury commonly progresses in severe shock.

• Worsening renal function adds oliguria, acidosis and electrolyte abnormalities.



Late shock becomes multiorgan failure

Cardiac

• Deteriorating contractility

• Lower effective perfusion

• Amplification of shock

Renal

• Ischemic injury

• Failure of excretion

• Acid/electrolyte 
derangement

Intestinal

• Barrier injury

• Possible microbial 
translocation

• Additional systemic stress

Failure of multiple organs is the usual terminal pathway described.



The irreversible downward spiral

Persistent hypoperfusion

Severe cellular ischemia

Widespread tissue injury

Membrane and organelle damage

Cardiac/renal/gut dysfunction

Multisystem failure

Further circulatory collapse

Irrecoverable injury

Diagram is an original conceptual reconstruction of the textbook narrative.



Shock morphology is principally hypoxic injury

Hypoperfusion and microvascular thrombosis produce organ 

lesions.

• The cellular changes resemble the mechanisms of hypoxic injury.

• Any organ can be affected.

• The relative burden varies by cause and duration of shock.



Organs particularly vulnerable in shock

Central nervous system

• Brain is an important target

• Severe injury may cause 
neuronal loss

• Early protection can be 
overwhelmed

Cardiorenal

• Heart and kidney 
frequently affected

• Myocyte/renal ischemic 
injury

• Progressive failure worsens 
physiology

Other tissues

• Gastrointestinal tract and 
adrenals

• Vascular and metabolic 
injury

• Lung changes depend on 
shock setting

Brain, heart, kidneys, adrenals and gut as major sites.



Glomerular fibrin thrombi indicate microvascular injury

• Fibrin thrombi can occur in many affected tissues.

• They are often most readily identified in renal glomeruli.

• Their presence reflects the microthrombotic component of severe shock.

This is a morphologic correlation—not a claim that every shock kidney has DIC.



Renal morphology explains late oliguria

Persistent 
hypoperfusion

Renal ischemic stress

Ischemic renal 
injury

Renal function 
deteriorates

Oliguria

Excretion declines

Acidosis/electrolyt
e issues

Systemic disturbance 
intensifies

Clinical renal dysfunction is a consequence of shock-associated kidney injury.



Adrenal cortical lipid depletion reflects stress

The lesion is a stress response, not a unique histologic diagnosis of shock.

• Adrenal cortical cells may show reduced cytoplasmic lipid stores.

• The appearance reflects consumption of stored lipids for steroid synthesis.

• The change resembles the adrenal response to severe stress generally.



Pulmonary pathology depends on the initiating setting

Setting Lung response

Hemorrhagic hypovolemic shock Lungs relatively resistant to hypoxic injury

Sepsis or trauma May cause diffuse alveolar damage (“shock lung”)

Do not imply diffuse alveolar damage is universal in all shock.



Diffuse alveolar damage: The shock-lung connection

Sepsis or major trauma

Systemic injury context

Diffuse alveolar damage

Pulmonary parenchymal injury

Pulmonary dysfunction

Further organ failure risk

“Shock lung” is a historical descriptive term used in the source.



Not every organ lesion has the same recovery potential

• Many tissues can recover substantially if the patient survives the episode.

• Neuronal loss and cardiomyocyte loss are important exceptions in the source.

• Survival and tissue recovery therefore need separate consideration.

Restoration of circulation cannot regenerate irreversibly lost cells.



Clinical patterns differ by shock type

Clinical finding Hypovolemic/cardiogenic Early septic

Skin Cool, clammy; May be cyanotic Warm, flushed can occur

Pulse Weak and rapid Circulatory changes may differ

Respiration Tachypnea can be present Systemic response depends on sepsis severity

Dominant insult Fluid loss or pump failure Severe infection

Assess the entire clinical picture, not a skin-color stereotype.



A weak rapid pulse and tachypnea are bedside clues

These features support recognition but do not uniquely identify a stage.

• The text describes hypotension, weak rapid pulse and tachypnea in 
hypovolemic/cardiogenic shock.

• These signs reflect the circulatory disturbance and systemic stress.

• Bedside findings vary with the precipitating insult and evolution.



Oliguria identifies worsening renal involvement

• Progressive renal dysfunction can produce decreasing urinary output.

• The clinical phase may then be dominated by oliguria, acidosis and electrolyte 
imbalance.

• These features link bedside observations to ischemic renal injury.

Organ dysfunction may persist even when the initial insult is treated.



Treat the cause and the consequences

The precipitating insult remains the primary threat to life.

• Examples include major hemorrhage, myocardial infarction and infection.

• Secondary cardiac, cerebral and pulmonary disturbances further aggravate shock.

• The source emphasizes correcting the cause and limiting hypoxia.



Outcome depends strongly on cause and duration

• Better outcomes in appropriately managed hypovolemic shock.

• Cardiogenic and septic shock have poorer outcomes in the source narrative.

• Persistent hypoperfusion and prolonged injury worsen reversibility.

Avoid extrapolating old aggregate mortality estimates to an individual patient.



Mechanism-driven differences across stages

Feature Nonprogressive Progressive Irreversible

Primary feature Reflex preservation Hypoxic deterioration Cell injury overwhelms rescue

Hemodynamics Compensating Vasomotor failure/pooling Further pump/organ failure

Metabolism Vital flow defended Lactic acidosis Severe injury

Organ impact Perfusion prioritized Failure begins Multiorgan failure

Stages overlap in practice; This comparison is conceptual.



Principles of intervention in the source

• Correct the underlying cause: Hemorrhage, pump failure or infection as applicable.

• Support effective circulation and tissue oxygenation.

• For septic shock, the parent section mentions antibiotics, intravenous fluids, pressors 
and oxygen.

• These are pathophysiologic principles, not a treatment protocol.

No drug doses or clinical thresholds are supplied by this lecture.



Stage identification exercise

Three descriptions: (A) tachycardia with cool skin and maintained vital-organ 
flow; (B) persistent hypoxia with lactic acidosis and pooling; (C) profound injury 
despite correction of hemodynamics.

Match A, B and C to the classic shock stages.

Clinical signs • Metabolic change • Reversibility



Answer: Align physiology with stage

A — Nonprogressive

• Reflex tachycardia

• Cutaneous vasoconstriction

• Vital-organ perfusion 
relatively maintained

B — Progressive

• Persistent tissue hypoxia

• Anaerobic 
metabolism/acidosis

• Pooling and endothelial 
injury

C — Irreversible

• Cellular destruction

• Multiorgan failure

• Hemodynamic correction 
insufficient

Stage assignment is a physiological interpretation, not a validated score.



Integrated clinical reasoning

A patient with severe infection initially has warm flushed skin. Subsequently, 
systemic perfusion worsens, lactic acidosis develops and kidney function 
deteriorates.

Why does this fit progressive shock despite warm skin initially?

Septic vasodilation • Microvascular dysfunction • Hypoxic metabolism



Integrated case: Reasoning

• Warm skin can occur early in septic shock because of peripheral vasodilation.

• Sepsis also disrupts endothelial function and microvascular oxygen delivery.

• Persistent hypoperfusion permits lactic acidosis and renal injury.

• Staging uses the evolving tissue dysfunction, not a fixed skin sign.

Septic shock shares core stages but has distinct vascular/inflammatory mechanisms.



Diagnostic misconceptions to avoid

• Do not interpret preserved blood pressure as proof that tissues are adequately 
perfused.

• Do not assume all early shock produces cold extremities.

• Do not equate metabolic acidosis with proven irreversible injury.

• Do not equate normalization of circulation with recovery of destroyed cells.

These distinctions follow from the mechanistic staging model.



Three mechanisms worth retaining

Compensation

• Sympathetic and hormonal 
activation

• Redistribution of blood 
flow

• Defends heart and brain

Progression

• Hypoxia → lactic acidosis

• Vasomotor failure and 
pooling

• Endothelial/microthrombot
ic injury

Irreversibility

• Severe cellular damage

• Cardiac, gut and renal 
dysfunction

• Multiorgan failure

Identify which mechanism dominates; The transition is continuous.



Reference reading

• Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026).

• “Shock”: definition, types, and pathogenesis.

• “Stages of Shock”: progression, morphology, and clinical features.

• For original histopathology illustrations, consult the relevant textbook figures directly.
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