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Hypovolemic shock 

  

INTRODUCTION 
        The principal function of the circulatory system is to supply oxygen and vital 

metabolic compounds to cells throughout the body, as well as removal of metabolic waste 

products. Circulatory shock is a life-threatening condition whereby this principal function 

is compromised. When circulatory shock is caused by a severe loss of blood volume or 

bodywater, it is called hypovolemic shock,  Regardless of etiology, the most distinctive 

clinical manifestations of hypovolemic shock are arterial hypotension and metabolic 

acidosis. Metabolic acidosis is a consequence of an accumulation of lactic acid resulting 

from tissue hypoxia and anaerobic metabolism. If the decrease in arterial blood pressure 

(BP) is severe and protracted, such hypotension will inevitably lead to severe 

hypoperfusion and organ dysfunction. Rapid and effective restoration of circulatory 

homeostasis through the use of fluids, pharmacologic agents, and/or blood products is 

imperative to prevent complications of untreated shock and ultimately death. 

 

Definitions 
Shock is an acute, generalized state of inadequate perfusion of critical organs that can 

produce serious pathophysiologic consequences, including death when therapy is not 

optimal. 

Major Shock Classifications and Selected Etiologies  

I. Hypovolemic 

Hemorrhagic 

Trauma 

GI bleeding 

Abdominal aortic aneurysm 

Nonhemorrhagic (dehydration) 

Vomiting 

Diarrhea 

Third spacing 

Burns 

Fistulae 

II. Cardiogenic 

Myocardial infarction 

Septal wall rupture 

Acute mitral valve regurgitation 

Myocarditis 

Arrhythmias 

III. Obstructive 

Pericardial tamponade 

Tension pneumothorax 

Pulmonary embolism 

Acute pulmonary hypertension 

Amniotic fluid embolism 
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Aortic dissection 

 

IV. Distributive 

Sepsis 

Anaphylactic 

Spinal cord injury 

Endocrinologic 

Pharmacologic 

  

Pathophysiology 
The total amount of water in a typical 70-kg   adult is approximately 42 L  . About 28 of 

the 42 L are inside the cells of the body (intracellular fluid); the remaining 14 L are in the 

extracellular fluid space (fluid outside of cells, i.e., interstitial fluid and plasma). 

Circulating blood volume for a normal adult is roughly 5 L (70 mL/kg) and is composed 

of 2 L of red blood cell fluid (intracellular) and 3 L of plasma (extracellular). By 

definition, hypovolemic shock occurs as a consequence of inadequate intravascular 

volume to meet the oxygen and metabolic needs of the body. Diminished intravascular 

volume can result from severe external or internal bleeding, profound fluid losses from 

GI sources such  as diarrhea or vomiting, or urinary losses such as diuretic use, diabetic 

ketoacidosis, or diabetes insipidus  . Other sources of intravascular fluid loss can occur 

through damaged skin, as seen with burns, or via capillary leak into the interstitial space 

or peritoneal cavity, as seen with edema or ascites. This latter phenomenon is often 

referred to as third spacing because fluid accumulates in the interstitial space 

disproportionately to the intracellular and extracellular fluid spaces. Regional ischemia 

may also develop as blood flow is naturally shunted from organs such as the GI tract 

or the kidneys to more immediately vital organs such as the heart and brain. 

Hypovolemic shock symptoms begin to occur with decreases in intravascular volume in 

excess of 750 to 1500 mL or 15% to 30% of the circulating blood volume (20 to 40 

mL/kg in pediatric patients).  As previously stated, decreases in preload or ventricular 

end-diastolic volumes result in decreases in SV. Initially, CO may be partially maintained 

by compensatory tachycardia. Similarly, reflex increases in SVR and myocardial 

contractility may diminish arterial hypotension. Regardless, rapid losses (e.g., minutes) 

undoubtedly have more profound effects than losses over a longer period (e.g., hours). 

This neurohumoral response to hypovolemia is mediated by the sympathetic nervous 

system in an attempt to preserve perfusion to vital organs such as the heart and brain. 

Two major end points of this response are to conserve water to maximize intravascular 

volume and to improve tissue perfusion by increasing BP and CO (oxygen delivery). 

The body attempts to maximize its fluid status by decreasing water and sodium excretion 

through release of antidiuretic hormone (ADH), aldosterone, and cortisol. BP is 

maintained by peripheral vasoconstriction mediated by catecholamine release and the 

renin-angiotensin system.CO is augmented by catecholamine release and fluid 

retention.1,4 Unfortunately, the increased sympathetic drive may become detrimental as 

tissue ischemia occurs with inconsistent microcirculatory flow. Regardless, when 

intravascular volume losses exceed 1,500 mL (about 3 pints), the compensatory 

mechanisms are inadequate, typically resulting in a fall in CO and arterial BP; acute 

losses greater than 2,000 mL (about 4 pints) are life threatening(35 mL/kg in pediatric 
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patients).  The decrease in CO results in a diminished delivery of oxygen to tissues within 

the body and activation of an acute inflammatory response.  Oxygen delivery can be 

further compromised by inadequate blood hemoglobin levels due to hemorrhage and/or 

diminished hemoglobin saturation due to impaired ventilation. Decreased delivery of 

oxygen and other vital nutrients results in diminished production of the energy substrate, 

adenosine triphosphate (ATP). Lactic acid is then produced as a by-product of anaerobic 

metabolism within tissues throughout the body. Hyperglycemia produced during the 

stress response from cortisol release is also a contributing factor in the development of 

lactic acidosis. Lactic acidosis indicates that inadequate tissue perfusion has occurred.  

Protracted tissue hypoxia sets in motion a downward spiral of events leading to organ 

dysfunction and eventual failure if untreated. 

  

Shock Manifestations on Major Organs 
Heart 

• Myocardial ischemia 

• Dysrhythmias 

Brain 

• Restlessness, confusion, obtundation 

• Global cerebral ischemia 

Liver 

• Release of liver enzymes 

• Biliary stasis 

Lungs 

• Pulmonary edema 

• ARDS 

Kidneys 

• Oliguria 

• Decreased glomerular filtration 

• Acute kidney injury 

GI tract 

• Stress-related mucosal disease 

• Bacterial translocation 

Hematologic 

• Thrombocytopenia 

• Coagulopathies 

 

 

 

Clinical Findings 
*General 

Patients will be in acute distress, although symptoms and signs will vary depending on 

the severity of the hypovolemia and whether the etiology is hemorrhagic versus 

nonhemorrhagic. 

*Symptoms 

• Thirst 

• Weakness 
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• Lightheadedness 

*Signs 

• Hypotension, arterial systolic BP (SBP) less than 90 mm Hg or fall in SBP greater than 

40 mm Hg  

• Tachycardia 

• Tachypnea 

• Hypothermia 

• Oliguria 

• Dark, yellow-colored urine 

• Skin color: pale to ashen; may be cyanotic in severe cases 

• Skin temperature: cool to cold 

• Mental status: confusion to coma 

• pulmonary artery (pa) catheter measurements: decreased CO, decreased SV, increased 

SVR, low pulmonary artery occlusion pressure (PAOP) 

*Laboratory Tests 

• Hypernatremia 

• Elevated serum creatinine (SCr) 

• Elevated blood urea nitrogen 

• Decreased hemoglobin/hematocrit (hemorrhagic 

hypovolemic shock) 

• Hyperglycemia 

• Increased serum lactate 

• Decreased arterial pH 

Treatment 

Desired Outcomes 
The overarching goals in treating hypovolemic shock are to restore effective circulating 

blood volume, as well as manage its underlying cause. 

A- Non pharmacologic therapy 

1- Fluid Therapy 
 Crystalloids:- Conventional “balanced” crystalloids are fluids with (a) 

electrolyte composition that approximates plasma, such as lactated Ringer’s 

(LR), or (b) a total calculated osmolality similar to that of plasma (280 to 295 

mOsm/kgor mmol/kg), such as 0.9% sodium chloride (also known as normal 

saline [NS] or 0.9% NaCl). Thus conventional crystalloids distribute in normal 

proportions throughout the extracellular fluid space upon administration. In 

other words, expansion of the intravascular space only increases by roughly 200 

to 250 mL for every liter of isotonic crystalloid fluid administered.6 Hypertonic 

crystalloid solutions such as 3% NaCl or 7.5% NaCl have osmolalities 

substantially higher than plasma. The effect observed with these fluids is a 

relatively larger volume expansion of the intravascular space. By comparison 

with conventional crystalloids, administration of 250 mL of 7.5% sodium 

chloride results in an intravascular space increase of 500 mL.  This increase is a 

result of the fluid administered as well as osmotic drawing of intracellular fluid 

into the intravascular and interstitial spaces. This occurs because the hypertonic 

saline increases the osmolality of the intravascular and interstitial fluid 

compared with the intracellular fluid. Hypertonic saline also has the potential 
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for decreasing the inflammatory response. Despite these theoretical advantages, 

data are lacking demonstrating superiority of hypertonic crystalloid solutions 

compared with isotonic solutions. 

  
 Colloids:- Relative hydrostatic pressure between the capillary lumen and the 

interstitial space is one of the major determinants of net fluid flow into or out of 

the circulation. The other major determinant is the relative colloid osmotic 

pressure between the two spaces.  Administration of exogenous colloids results 

in an increase in the intravascular colloid osmotic pressure. The effects of 

colloids on intravascular volume are a consequence of their relatively large 

molecular size (greater than 30 kDa), limiting their passage across the capillary 

membrane in large amounts. Alternatively stated, colloids can be thought of as 

“sponges” drawing fluid into the intravascular space from the interstitial space. 

In the case of isosmotic colloids (5% albumin, 6% hetastarch, and dextran 

products), initial expansion of the intravascular space is essentially 65% to 75% 

of the volume of colloid administered, accounting for some “leakage” of the 

colloid from the intravascular space. Thus, in contrast to isotonic crystalloid 

solutions that distribute throughout the extracellular fluid space, the volume of 

iso-oncotic colloids administered remains relativelyIn the case of hyperoncotic 

solutions such as 25% albumin, fluid is pulled from the interstitial space into the 

vasculature, resulting in an increase in the intravascular volume that is much 

greater than the original volume of the 25% albumin that was administered. 

Although theoretically attractive, hyperoncotic solutions should not be used for 

hypovolemic shock because the expansion of the intravascular space is at the 

expense of depletion of the interstitial space. Exogenous colloids available in 

the United States include 5% albumin, 25% albumin, 5% plasma protein 

fraction (PPF), 6% hetastarch, 10% pentastarch, 10% dextran 40, 6% dextran 

70, and 6% dextran 75 . The first three products are derived from pooled human 

plasma. Hetastarch and pentastarch are semisynthetic hydroxyethyl starches 

derived from amylopectin. The dextran products are semisynthetic glucose 

polymers that vary in terms of the average molecular weight of the polymers.   

 

2-Blood Products 
Blood products are indicated in hypovolemic shock patients who have sustained blood 

losses from hemorrhage exceeding 1,500 mL. This, in fact, is the only setting in which 

freshly procured whole blood is administered. In virtually all other settings, blood 

products are given as the individual components of whole blood units, such as packed red 

blood cells (PRBCs), fresh-frozen plasma (FFP), platelets, cryoprecipitate, and 

concentrated coagulation factors. This includes ongoing resuscitation of hemorrhagic 

shock when PRBCs can be transfused to increase oxygen-carrying capacity in concert 

with crystalloid solutions to increase blood volume. In patients with documented 

coagulopathies, FFP for global replacement of lost or diluted clotting factors, or platelets 

for patients with severe thrombocytopenia (less than 20 to 50 × 103/mm3 or 20 to 50 × 

109/L]) should be administered. 
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B-Pharmacologic Therapy: 
Vasopressor Therapy Vasopressor is the term used to describe any pharmacologic agent 

that can induce arterial vasoconstriction through stimulation of the α1-adrenergic 

receptors.Although replenishment of intravascular volume is undoubtedly the cornerstone 

of hypovolemic shock therapy, use of vasopressors may be warranted as a temporary 

measure in patients with profound hypotension or evidence of organ dysfunction in the 

early stages of shock.  Vasopressors are typically used concurrently with fluid 

administration after the latter has not resulted in adequate restoration of blood pressure 

and/or tissue perfusion.  Although vasopressor therapy may improve the hemodynamic 

profile in shock patients, data are lacking that they improve mortality. Furthermore, a 

recent study found that early use of vasopressors (i.e., phenylephrine, norepinephrine, 

dopamine, vasopressin) in the resuscitation of patients with hemorrhagic shock may 

actually be associated with increased mortality. 

 Regardless, data suggest that if vasopressors are used, norepinephrine may be preferable 

to dopamine secondary to increased incidence of arrhythmias associated with the latter 

agent in the treatment of shock patients. Thus norepinephrine should be considered the 

first-line vasopressor therapy for these patients. Epinephrine should be considered as a 

second-line vasopressor in patients with shock because of its association with 

tachyarrhythmias, impaired abdominal organ (splanchnic) circulation, and hypoglycemia. 

Arginine vasopressin, although not a vasopressor per se, may be beneficial as an 

adjunctive therapy alone with vasopressors in refractory hemorrhage shock based on 

beneficial effects in other shock states. 

  In cases involving concurrent heart failure, an inotropic agent such as dobutamine may 

be needed, in addition to the use of a vasopressor. Vasopressors are almost exclusively 

administered as continuous infusions because of their very short duration of action and 

the need for close titration of their doserelated effects. Starting doses should be at the 

lower end of the dosing range followed by rapid titration upward if needed to maintain 

adequate BP. Monitoring of end-organ function such as adequate urine output should also 

be used to monitor therapy. Once BP is restored, vasopressors should be weaned and 

discontinued as soon as possible to avoid any untoward events. The most significant 

systemic adverse events associated with vasopressors are excessive vasoconstriction 

resulting in decreased organ perfusion and potential to induce arrhythmias . Central 

venous catheters should be used to minimize the risk of local tissue necrosis that can 

occur with extravasation of peripheral IV catheters. 


