
To access the content in this CD click the links below. This CD will work like a website but on your computer.
 Please be sure you allow pop ups for this CD to perform at its best.

ECG Training     Audio Resources     Video Selections

Exam Help     Digital  &  Pdf Resources

© 2014 TurboMedic.com

http://turbomedic.com/


To access the content in this section click the buttons below.

© 2014 TurboMedic.com
HOME

http://turbomedic.com/


This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X Controls 

   
© 2014 TurboMedic.com

HOME

http://turbomedic.com/





This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X Controls

   
© 2014 TurboMedic.com

HOME

http://turbomedic.com/





Listen and watch the video files by clicking the buttons below. 

© 2014 TurboMedic.com

http://turbomedic.com/


This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X Controls

HOME






This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X Controls

© 2014 TurboMedic.com
HOME

http://turbomedic.com/





This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X controls

© 2014 TurboMedic.com
HOME

http://turbomedic.com/





Click the button below to view video.

© 2014 TurboMedic.com
HOME

http://turbomedic.com/


This video is in .avi format. You can right click within the video window to display it in fullscreen mode
 Be sure to allow Active X Controls

© 2014 TurboMedic.com
HOME

http://turbomedic.com/





This is a selected exam area from Turbo Medic. You can open the files in your browser or download them for
 offline viewing. They are in the popular Adobe .pdf format.

© 2014 TurboMedic.com
HOME

http://turbomedic.com/


These are select digital download files in .pdf format. You can save them to your computer by right clicking the
 button and choosing "save as". They will also open in a new window in your browser. 

 

© 2014 TurboMedic.com
HOME

http://turbomedic.com/


 
 

 
I hope you have found this CD compilation useful.  
 
As you know EMS is an ever changing landscape. To be a good provider 
you must take additional training and advance your knowledge base all 
the time.  
 
Using this CD proves you have that dedication to the EMS Profession.  
 
I would love for you to join me as a Premium Member at Turbo Medic.  
 
It is a small investment each month to continue to grow your knowledge 
base. At about .60 cents a day you can be a part of the exclusive 
members only EMS study and training website.  
 
If you have not yet done so, check out the main page of the site and join 
me today. Even if you join as a Free Level member you will begin to 
realize all the benefits of being a member.  
 

 
Click here to get all the details. 

http://turbomedic.com/whytm
http://turbomedic.com/whytm�

	index
	ecg
	12leadplac
	conduction
	audio
	asthma
	g1
	neuro
	video
	medicsuccess
	exam
	pdf




 


 
 


Presents 
 


Adult Traumatic Brain 
Injuries 


 
 
 
 
 
 
 
 
 
 
 
 
 
 







NOTICE: You DO NOT Have the Right to Reprint or Resell this Publication. 
You Also MAY NOT Give Away, Sell or Share the Content Herein. 


If you purchased this ebook from anywhere other than 


http://turbomedic.com , you have a pirated copy. 


Please help stop Internet crime by reporting this 
to: mailto:support@emsseo.com 


© Copyright EMS SEO/Turbo Medic ALL RIGHTS RESERVED. No part of 
this publication may be reproduced or transmitted in any form whatsoever, 
electronic, or mechanical, including photocopying, recording, or by any 
informational storage or retrieval system without the expressed written, dated 
and signed permission from the author. 


DISCLAIMER AND/OR LEGAL NOTICES: 
The information presented herein represents the views of the author as of the 
date of publication. Because of the rate with which conditions change, the author 
reserves the right to alter and update this information based on the new 
conditions. The publication is for informational purposes only. While every 
attempt has been made to verify the information provided in this publication, 
neither the author nor its affiliates/partners assume any responsibility for errors,  
inaccuracies or omissions. Any slights of people or organizations are 
unintentional. If advice concerning legal or related matters is needed, the 
services of a fully qualified professional should be sought.  You should be aware 
of any laws/practices or local policies which govern emergency care or other pre 
hospital care practices in your country and state. Any reference to any person or 
business whether living or dead is purely coincidental. 



http://turbomedic.com/�

mailto:support@emsseo.com





Overview of Adult Traumatic
Brain Injuries







Adult Traumatic Brain Injuries


Introduction


Trauma is a leading cause of death in the adult population. Approximately one half of all adults who 


have died from a trauma injury sustained a head injury. Of those 50%, approximately half are


admitted to the hospital with a diagnosis of a head injury. Head injuries are associated with


approximately 50% of all motor vehicle crashes.  Risk-taking behaviors can also lead to accidents that


cause head injuries and include: alcohol intake, mind-altering drugs, improper use or non-use of safety


equipment in motor vehicles, motorcycles (helmets), bicycles (helmets), and participation in contact


sports.  If a detailed history is unavailable and the patient is unconscious, then the loss of consciousness


may have preceded and/or caused the injury.


Anatomy/Physiology


The components of the head and brain affected by head injuries include the scalp, skull, facial


bones, brain tissue, meninges, blood brain barrier, intravascular component (blood in blood vessels),


and cerebral spinal fluid (CSF).


Scalp


Injuries to the scalp are usually associated with an underlying skull or brain injury, although a scalp 


injury can occur separately.  The scalp is very vascular and prone to profuse hemorrhage due to the


veins and arteries inability to vasoconstrict adequately.  Bleeding can occur between layers of the


scalp (subcutaneous or subgaleal layers). These hemorrhages by themselves require no


intervention.  However, lacerations and avulsions require a thorough clinical examination to


determine the extent of the injury. The scalp wound must be palpated and explored to determine if a 


skull fracture is present; although the wound may not be in alignment with the fracture as the scalp


is movable. Attention must be taken to clean the scalp wound prior to the repair in order to prevent


an infection.  If an infection of the scalp occurs, it may penetrate the periostium of the skull bone


and then enter into the brain tissue.


Skull


The skull protects the brain and consists of 2 regions: the cranial bones and facial bones. The


periosteum is a dense white fibrous membrane that covers the bone.  It is very vascular and sends 


branches into the bone to provide nutrition to the bone cells, which is imperative for growth and 


repair. The foramen magnum is an opening of the occipital bone at the base of the skull of which the 


spinal cord passes.
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Cranial Bones:


Foramen


Magnum


Base of Skull 


Facial Bones:


Frontal Parietal


Temporal


Occipital


Frontal


Side View


The facial bones include pairs of maxillary, zygomatic (malar), nasal, lacrimal, palatine (palate), 


and inferior nasal conchae (turbinates) bones; the mandible; and vomer.  The mandible is


considered the strongest bone in the body.


Lacrimal Bone Nasal Bone 


Inferior nasal conchae Malar (Zygomatic) Bone


Maxilla Bone 


Vomer Mandible Bone
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Cranial Vault


The cranial vault is used to describe where the cerebrum, cerebellum, and brainstem are housed.


The three components of the cranial vault include brain tissue (80%), CSF (10%), and blood within 


blood vessels (10%). The Monroe-Kellie Doctrine states: When the volume of any of the three cranial


components increases, the volume of one or both of the others must decrease or the


intracranial pressure will rise. Any alteration in the volume may lead to an increase in the


intracranial pressure, unless the brain can compensate. Intracranial volume can be increased by an 


intracranial mass, blood, CSF, or cerebral edema (cytotoxic or vasogenic).


Scalp


Contents of


Cranial Vault Skull


Cerebrum


Brain Stem Cerebellum


Spinal Cord


Meningeal Layers


The three meninges that cover the brain and spinal cord are the dura mater, arachnoid mater, and pia 


mater.  The dura mater is a two-layered membrane that lines the skull and is very difficult to


penetrate.  The space above the dura mater is called “epidural” and below the dura mater is called 


“subdural.”  The next two layers, the


arachnoid and the pia mater are called Arachnoid Villa 


leptomeninges.  They are extremely


thin and difficult to visualize unless


there is a space between them.  This


area is referred to as the subarachnoid


space and it is where cerebrospinal 


fluid (CSF) flows around the entire


brain and spinal cord.  The pia mater is


a mesh-like substance that covers the


entire surface of the brain tissue going


into the sulci and gyri (folds of the


brain).


Skin


Scalp


Skull Bone 


Dura mater 


Arachnoid


Subarachnoid


space


Pia mater







Adult Traumatic Brain Injuries


Brain Tissue


Brain tissue is composed of neurons and glial cells.  Brain tissue occupies 80% of the cranial vault.


Neurons are the functional units that transmit sensory and motor impulses to and from the


peripheral nervous system (PNS) and the central nervous system (CNS). The glial cells, astrocytes,


ependymal cells, microglia, and oligodendrocytes, under normal function, are considered


neuroprotective. The glial cells are the support structure to the neurons. Astrocytes are responsible


for supplying nutrients to the neurons and other glial cells and to maintain the potassium ion


homeostasis for neurons.  Microglia are considered the waste or debri removal system of the brain.


The ependymal cells produce the CSF that carries nutrients throughout the CNS and cushion the


brain and spinal cord.  The oligodendrocytes are responsible for maintaining the myelin sheath after


an injury.


The following figure depicts the major structures of the brain that are important.


 Parietal Lobe
Homunculus:


Motor (Frontal lobe) 


Lateral Ventricle 


Occipital Lobe 


Third Ventricle


Cerebral


Aqueduct


Cerebellum


Fourth Ventricle


Normal Functions


Sensory (Parietal Lobe) 


Frontal Lobe 


Corpus Collosum


Foramen of Monro 


Brain Stem:


Midbrain, Pons, & 


Medulla


Hypophysis


(Pituitary Gland)


Cerebrum Performs motor and sensory functions and a variety of mental activities 


Cerebellum Balance, muscle tone, posture and coordination


Brainstem Motor control, reticular activating system (wakefulness), regulatory centers


for heart rate, pulse, blood pressure and respiration
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Each area of the CNS interacts with the others. The right hemisphere controls hand dominance on the 


left side, artistic functions, music, art awareness, spatial orientation, creativity and insight.   The left


hemisphere controls hand dominance on the right side, number skills, spoken language, written 


language, abstract reasoning and scientific functions.  The corpus collasum connects the right and left


hemispheres of the cerebrum, coordinating the function of the two halves.  The cerebrum


contains four lobes:  frontal, parietal, temporal, and occipital.


Lobe Function


Frontal Lobe Judgment, reasoning, attention, short term memory, motor function


(Homunculus), motor speech (Broca’s area) and personality


Parietal Lobe Sensation (Homunculus), speech organization, hand skills, grammar,


perception, and proprioception


Temporal Lobe Hearing, emotion, smell, taste, understanding speech (Wernicke’s area), 


recall of long-term memory


Occipital Lobe Vision, sensation


Tentorium


The tentorial notch is a triangular opening


of the dura that allows the brainstem,
blood vessels and nerves to pass through Supratentorial


an oval opening. The cerebrum is located


above the tentorial notch and is referred to


as supratentorial. This includes the


frontal, temporal, parietal and occipital


lobes.  Also contained in this area are the 


corpus collosum, 2-lateral ventricles, 3
rd


ventricle, cranial nerve I and cranial


nerve II.  The area below the tentorial


notch is referred to as infratentorial, Infratentorial
which includes the cerebellum and 


brainstem.
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Intravascular Component


The brain must maintain a constant flow of blood in order for brain activity to occur.  The arterial 


blood flow to the brain consists of approximately 20% of the cardiac output. Normal cerebral blood 


flow is 750 ml/min.  The brain autoregulates blood flow over a wide range of blood pressure by 


vasodilation or vasoconstriction of the arteries.


Two pairs of major arteries that supply the brain are the right and left carotid and right and left


vertebral arteries.   The carotid arteries provide circulation to the anterior portion of the brain


(frontal, temporal, parietal and occipital lobes).  This accounts for approximately 80% of the blood 


flow to the brain.  The vertebral arteries join to form the basilar artery and comprise the posterior 


circulation of the brain (cerebellum, brainstem, and base of occipital and temporal lobes).  This 


accounts for approximately 20% of the blood flow to the brain.  The anterior and posterior


circulation function separately; however, they connect together by communicating arteries to form the


Circle of Willis.  In response to decreased arterial flow, the Circle of Willis can act as a


protective mechanism by shunting blood from one side to the other or from the anterior to posterior


portions of the brain.  This compensatory mechanism is one of the reasons that there is a delay in the 


deteriorating neurological signs and symptoms exhibited by patients.


Arteries That Supply the Brain


Basilar Vertebral
Artery Artery


Carotid


Artery


Subclavian


Artery
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Cerebral Circulation/Artery Distribution


Anterior Circulation
Anterior Cerebral Artery


(ACA)


Anterior Communicating


Artery (AcomA) 


Internal Carotid Artery


(ICA)


Middle Cerebral Artery


(MCA)


Posterior Communicating


Artery (PcomA) 


Posterior Cerebral Artery


(PCA)


Basilar Artery (BA) 


Vertebral Artery (VA) 


Anterior


Communicating


Artery


Posterior


Communicating Artery


Supplies most medial portions of frontal lobe and superior


medial parietal lobes 


Connects the anterior cerebral arteries at their closest juncture


Ascends through the base of the skull to give rise to the


anterior and middle cerebral arteries, and connects with the


posterior half of the circle of Willis via the posterior


communicating artery 


Trifurcates off the ICA and supplies the lateral aspects of the 


temporal, frontal and parietal lobes


Posterior Circulation 


Connects to the anterior circle of Willis with the posterior


cerebral artery of vertebral-basilar circulation posteriorly


Supplies the occipital lobe and the inferior portion of the


temporal lobe.  A branch supplies the choroid plexus.


Formed by the junction of the two vertebral arteries, it 


terminates as a bifurcation into the posterior and cerebral


arteries supplying the brainstem


The vertebrals emerge from the posterior base of the skull


(Foramen Magnum) and merge to form the basilar artery


supplying the brainstem


Anterior Cerebral Artery


Middle Cerebral Artery


Basilar Artery


Vertebral Arteries
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Blood-Brain Barrier


The blood-brain barrier is the area where capillaries meet and are surrounded by astrocytes. 


Molecules enter into these brain cells by three processes: active transport, endocytosis, and


exocytosis. The barrier is very permeable to water, carbon dioxide, oxygen, glucose, and lipid 


soluble substances.  An intact blood-brain barrier restricts the movement of larger, potentially


harmful substances from the bloodstream.  During ischemic or infectious states, the membrane


breaks down, allowing other substances to pass into the brain.


Venous Drainage System


The cerebral veins drain into large venous sinuses and then into the right and left internal jugular


veins.  The venous sinuses are found within the folds of the dura mater.    The veins and sinuses of


the brain do not have valves so the blood flows freely by gravity.  The face and scalp veins also can


flow into the brain venous sinuses; therefore, infection can easily be spread into the dural venous


sinuses and then enter into the brain. Patient position can prevent or promote venous drainage from


the brain.  Head turning and tilting may kink the jugular vein and decrease or stop venous flow from


the brain, which will then increase the pressure inside the cranial vault.  To promote venous


drainage, the head should be maintained in a neutral position and the head of the bed elevated up to


30 degrees.


Superior Sagittal Sinus 


Straight Sinus


Cerebrospinal Fluid (CSF) 


Transverse Sinus 


Jugular Vein


Cerebrospinal fluid bathes the entire brain and spinal cord.  Approximately 250 -500 cc’s are


produced every 24 hours in the lateral ventricles by ependymal cells on the choroid plexus.  The


purpose of CSF is to provide nutrients, remove waste products from cellular metabolism, and act as a 


shock absorber.  The amount of CSF in the ventricular system at one time is approximately 125 cc’s.


The process of CSF production and absorption must be maintained to prevent a change of the intracranial


components.  CSF is absorbed from the subarachnoid space by the arachnoid villi (tiny projections) into 


the venous system.  When the CSF pressure is greater than the venous pressure, the arachnoid villi drain


CSF into the venous system acting as a one-way valve. Patient position can


prevent this gravitational flow of CSF. Fluctuations in pressure commonly occur due to a change in the


cardiac and respiratory cycle.
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Cerebral Perfusion Pressure (CPP)


Cerebral perfusion pressure is the driving force that maintains the cerebral blood flow. Currently, it is 


an indirect measurement and must be calculated.


In order to determine the CPP, attain the following values:


   MAP = Mean Arterial Pressure (obtained from non-invasive or invasive monitors)


   ICP = Intracranial Pressure (obtained from the closed ICP monitoring system)


MAP = 
(2 x DBP) + SBP 


3


MAP is calculated by multiplying the diastolic blood 


pressure (DBP) by 2, adding the systolic blood pressure


(SBP), and then dividing by 3. 


To calculate the CPP, subtract the ICP from the MAP 


(CPP = MAP - ICP).  A normal CPP is between 70 mm Hg and


90 mm Hg.  Hypoperfusion results when the CPP is less than 60 


CPP = MAP - ICP


mm Hg.  An acutely injured brain has a higher metabolic rate and therefore requires a higher


cerebral perfusion pressure. The CPP should be maintained at a minimum of 70 mm Hg and up to 90 


mm Hg.  When the ICP is elevated, MAP should be maintained at  90 mmHg with the use of fluid


and/or vasopressors.  To effectively manage the patient with neurological compromises, a PA catheter


should be inserted to monitor the MAP.  A complete discussion of ICP monitoring is


beyond the scope of this packet.


Cerebral Blood Flow


Cerebral blood flow (CBF) is affected by cerebral perfusion pressure and cerebrovascular resistance 


(CVR). CVR is the pressure across the cerebrovascular bed from the arteries to the jugular veins.


CVR and CBF cannot be measured directly.  The current diagnostic test available for indirect


monitoring of CBF is the transcutaneous doppler.  It measures the velocities of the arterial blood


flow.  An increase in cerebrovascular resistance (vasoconstriction due to decreased PaCO2) will


increase the pulsatility of the blood flow and decrease velocity.  This results in a decrease in the


CBF.  A decrease in cerebrovascular resistance (vasodilation due to increased PaCO2) will decrease the 


pulsatility of the blood flow and increase the velocity.  This results in an increase in cerebral


blood flow. These changes will be indicated on a waveform. Currently under development is an


invasive parenchymal catheter that uses laser technology to measure CBF and CVR in conjunction


with intracranial pressure monitoring.


CVR is influenced by the inflow pressure (systole), outflow pressure (venous pressure), crosssectional 


diameter of cerebral blood vessels, and ICP.  CVR is similar to systemic vascular


resistance; however, due to the lack of valves in the venous system of the brain, cerebral venous 


pressure also influences the CVR.  CVR is the amount of resistance created by the cerebral vessels


and it is controlled by the autoregulatory mechanisms of the brain.  Specifically, vasoconstriction will


increase CVR, and vasodilation will decrease CVR.
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Cerebral blood flow is calculated by subtracting


the ICP from the mean arterial pressure (MAP) 


and dividing by the cerebrovascular resistance


(CVR) or by dividing cerebral perfusion


pressure (CPP) by CVR. 


Cerebral Blood Flow


Average CBF 


Ischemia CBF 


Tissue death


Hyperemia (CBF in excess of tissue demand)


CBF =  MAP - ICP 
CVR


50 ml/100 Gm/min


< 18 - 20 ml/100 Gm/min


< 8 - 10 ml/100 Gm/min


> 55 - 60 ml/100 Gm/min


or   CPP 
CVR


Cerebral blood flow can be altered by extrinsic and intrinsic factors. Extrinsic factors that affect


CBF include systemic blood pressure, cardiac output, blood viscosity, and vascular tone.  If the


MAP falls below 70 mm Hg, cerebral blood flow will decrease. This decreased cerebral blood flow


will affect cerebral autoregulation, which is the major homeostatic and protective mechanism for the 


brain.  It operates within a MAP range of 60 - 150 mm Hg.  When outside this range, there is a varying


of neural activity.  This results in an alteration in cerebral metabolism, which consists of synaptic 


activity (50%), maintenance of ionic gradient - cell membrane (25%), and biosynthesis (25%).  The


body responds to these demands with changes in blood flow.  Aerobic metabolism is critically


dependent on oxygen in order to process glucose for normal energy (ATP-adenosine


triphosphate) production. The brain does not store energy. Aerobic metabolism produces 38 moles of 


adenosine triphosphate (ATP), and anaerobic metabolism only produces 2 moles of ATP. ATP is


necessary for the cell membranes to maintain normal function (i.e. sodium-potassium pump).


Therefore, without a constant source of oxygen and energy, its supply from the cerebral blood flow can 


be exhausted within 3 minutes.


Intrinsic factors that alter CBF include carbon dioxide content (PaCO2 ), pH, oxygen content


(PaO2), and intracranial pressure. The vessels dilate with increases in PaCO2 (hypercarbia) or low pH 


and with decreases in PaO2 (hypoxia).  This vasodilatation increases cerebral blood flow.  Even a 1-


mm Hg change in PaCO2 will increase cerebral blood flow 2 - 3% (between 20 - 80 mm Hg). The


vessels constrict with decreases in PaCO2 or a high pH and with increases in local PaO2.  This


vasoconstriction will decrease the cerebral blood flow.  In addition, intrinsic factors can change the 


extrinsic factors by altering the metabolic mechanisms and cerebral blood flow.  For example, there can 


be a change from aerobic to anaerobic metabolism, which increases the concentrations of other end


products such as lactic acid, pyruvic acid, and carbonic acid and leads to acidosis. These end products


result in a decreased pH and an increase in cerebral blood flow.


Other factors that can affect cerebral blood flow include pharmacological agents (volatile anesthetic


agents and some antihypertensive agents), rapid eye movement sleep, arousal, pain, seizures,


elevations in body temperature, and cerebral trauma.
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Mechanism of Injury


Head injuries occur when a mechanical force strikes the head and transmits the force to the brain


tissue.   Forces may be blunt or penetrating.  Blunt trauma is a closed head injury that results from


deceleration, acceleration, combination of acceleration-deceleration, rotational or deformation


forces.   Deceleration forces occur when the head hits an immovable object such as the forehead


hitting the windshield.  This causes the skull to decelerate rapidly.  The brain moves slower than the 


skull causing the brain tissue to collide with skull.  As the brain moves over the bony prominences, it 


can stretch, shear or tear the tissue.   Acceleration injuries can occur when an object hits the head and the


skull and the brain are set in motion.  Acceleration-deceleration forces occur due to the


rapid changes in velocity of the brain within the cranial vault. Deformation forces occur when the 


velocity of the impact changes the shape of the skull and compresses the brain tissue.  The brain


tissue is cushioned within the cranial vault by cerebrospinal fluid, one of the protective mechanisms of 


the brain. Direct injury to the brain tissue can occur as contusions, lacerations, necrosis and


hematomas with coup and contrecoup injuries.  Coup injuries occur at the site of impact and the


contrecoup injury occurs at the opposite side or at the rebound site of impact.


Coup/Contrecoup Injury


Impact Impact


Coup Injury Contrecoup Injury


Bi-polar injuries may occur from front to back or side to side.


Quadra-polar injuries involve all sides of the brain—front, back, and


each side.  The most common area of impact of a coup injury is the


occipital lobe and the contrecoup injury is the frontal lobe.


Coup/Contrecoup Injury:


Bipolar
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Rotational forces occur from the twisting of the head usually after impact.  The degree of injury 


depends upon the speed and direction the brain is rotated. Rotational forces affect white matter tissue 


of the brain.  The most common areas affected include the corpus collosum and the brain stem.


Diagnosis is made based upon clinical exam, if the patient remains in a coma greater than 24 hours, 


and/or the CT or MRI scan demonstrates diffuse micro-hemorrhages.


Rotational Forces


In a penetrating injury, an object breaks through the skull and enters the brain. Examples of objects that 


cause a penetrating injury are nail guns, guns, knifes, and other sharp objects that may be


impaled into the skull. The penetrating object may cause brain tissue lacerations, contusions, and 


hemorrhages. The subsequent secondary injuries (cerebral edema, tissue hypoxia and necrosis)


occur immediately.  The severity of the injury depends on the size, shape, speed, direction, location 


and action as it enters the cranial cavity.


Gun shot wounds have a high mortality rate.  The bullet can destroy the parenchyma along its


trajectory. Shock waves occur when the bullet enters the skull and they are transmitted throughout the 


cranial cavity.  Depending on the velocity of the bullet, it may have insufficient energy (lowvelocity)


to exit the cranial vault.   The trajectory is unpredictable and may ricochet off the inner table opposite


the entry site or off a dural structure thereby


creating several tracts.   High caliber bullets that enter into the cranial


cavity have an increased impact of energy causing


cavitation and shock wave effects to the brain tissue.  These


waves can create cerebral contusions on distant brain tissue,


increase intracranial pressure and lead to herniation syndromes. Also,


shock waves alone can be severe enough to produce


cardiopulmonary arrest.  A release of thromboplastin from the brain 


tissue can result in coagulopathy disorders.  Stab wounds to the head


are another type of penetrating injury.  These usually


occur on the left side of the brain because the majority of Gun shot wound 


assailants are right-handed. Damage is caused to cerebral through and through 


vasculature, parenchyma, and cranial nerves. Copyright permission from


surgicalcriticalcare.net
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Types of Injuries


The two classifications of traumatic brain injury are primary (impact damage-focal injury) and


secondary injury.  Primary injury occurs as an immediate result of the trauma itself. Secondary


injury occurs later as a result of the primary injury.  This process of secondary injury may develop 


over several hours and usually peaks in three to five days. Clinical management is focused on 


adequately resuscitating the patient and preventing or minimizing the secondary injuries that


accompany the primary injury.


Primary Injuries


Primary injuries are a result of acceleration-deceleration and rotational forces occurring at the time of 


impact.  These cause coup (initial impact site) and contrecoup (rebound site of impact) injuries. The 


forces exerted on the brain tissue may result in shearing, tensile or compressive stresses.  They can 


lead to ruptured blood vessels causing hemorrhage, hematomas, and/or contusions. Injuries include


lacerations, bone fractures, contusions, hematomas and diffuse axonal injuries.


Scalp Laceration


Scalp lacerations or abrasions are the most common minor head injury. The scalp is very vascular and 


has a tendency to bleed profusely; therefore, treatment includes control of bleeding, exploration of the 


site for bone fragments and fractures, irrigation and suturing.  If no other significant findings are 


present, hospitalization is not required.


CLINICAL APPLICATION:


Scalp lacerations should be inspected cautiously, because the scalp moves on the skull and a


fracture may be present in the area of laceration but not necessarily right below it.  Infections of the 


scalp may penetrate to the periostium of the skull and then enter into the brain tissue.


Skull Fractures


The skull is very hard and requires significant force to be fractured.  The outer and inner layers of bone 


are very hard but the middle layer consists of a spongy type of bone.  The fractures need to be assessed


according to the type, size, location and neurological signs and symptoms that accompany it. 


Treatment of a skull fracture is specific to the type of fracture and patient assessment.


Linear Skull Fracture


Linear fractures occur frequently and require little treatment. Forces spread over a wide area cause this


type of fracture.   The fractured bone can lacerate the arteries beneath causing an intracranial


bleed.  Most linear skull fractures heal spontaneously in two to three months.   A rare complication of


linear fracture is a growing fracture.  A growing fracture develops over several months and


causes the erosion of the bone and widening of the fracture line producing a leptomeningeal cyst.


Surgical treatment is cyst removal, dural repair and cranioplasty. Linear fractures that cause the


separation of the cranial suture are called diastatic fractures and require additional observation for


signs of extradural bleeding.
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Depressed Skull Fracture


A depressed skull fracture is a more serious fracture and signifies that


a great deal of force caused the injury. The force that causes a 


downward displacement of the skull bones can vary from a slight 


depression to displacement of the outer hard bone layer below the


inner hard bone that presses directly on brain tissue. Depressed skull 


fractures are more commonly associated with open scalp


wounds, but they have an intact dural membrane.  Complex


depressed skull fractures involve laceration of the dura membrane


with bony skull fragments.  Complications associated with it are


hemorrhage and laceration of the brain tissue. Treatment of 


depressed skull fractures include surgical repair to control bleeding,


irrigation and debridement, dural repair and elevation (if > 1cm) or 


replacement of bone fragments.


Basilar Skull Fracture 


Depressed Skull Fracture


Copyright permission from
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Fractures of the cranial vault are more common than fractures of the base of the skull.  A basilar


skull fracture indicates a serious blow and is a break along the basilar portion of the occipital bones, the 


orbital plate of the frontal bones, the cribriform plate of the ethmoid, sphenoid, and petrous or


squamous portions of the temporal bones.  Diagnosis is difficult by x-ray and therefore is made based


on clinical assessment.  Clinical presentation depends on the location of the basilar fracture.


Signs and symptoms specific to each are: 


Anterior Fossa: rhinorrhea (discharge from nose),


raccoon eyes (periorbital ecchymosis), anosmia (loss of 


smell), oculomotor palsies 


Middle Fossa: hemotympanum (blood in the middle ear),


otorrhea, vertigo, Battle’s sign (mastoid ecchymosis),


unilateral hearing loss 


Posterior Fossa: hypotension, tachycardia, alteration in 


respirations due to compression of the brainstem


CLINICAL APPLICATION: 


Anterior


Fossa


Middle


Fossa


Posterior


Fossa


An index of suspicion is high for a basilar skull fracture if your patient presents with raccoon


eyes (orbital ecchymosis—single or double) indicating an anterior fossa fracture or Battle’s


signs (ecchymosis behind the ear) indicating a middle or posterior fossa fracture. Orbital


ecchymosis usually occurs immediately. Battle’s signs appear within the first 24-48 hours.


Raccoon eyes:  Periorbital ecchymosis Battle’s sign: Mastoid ecchymosis


Copyright permission from surgicalcriticalcare.net
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For the most part, basilar skull fractures are uncomplicated and require observation for 24 to 48


hours.  However, one potential complication that can occur is a cerebral spinal fluid leak (CSF). The


patient must be assessed for CSF leaks frequently, at the time of admission, and up to several days


after the injury especially when the patient begins to become more mobile (change in position, out


of bed to chair, out of bed ambulating). The majority of CSF leaks resolve spontaneously without


intervention.


To determine if a CSF leak is present in a conscious oriented patient, the nurse may ask the patient


if he/she has a salty or sweet taste in their mouth or a post-nasal drip.  Other signs include: coughing or 


clearing of throat, visible drainage from ear or nose. Drainage may be placed on filter paper to


show evidence of a halo ring suggestive of a CSF leak.  Fluid can be sent to the lab to determine the 


glucose content. A nasal pad placed on the upper lip or cotton ball placed on the ear lobe may be


used to track the amount of leakage.  The flow of CSF should never be blocked. Blockage of CSF


could lead to an increase in intracranial pressure and provide a media for infection. A rare


complication is meningitis (an infection of the meninges) which may occur due to CSF leakage


from a tear in the meninges.  The physician must be notified of the CSF leak.  Patients may or may


not be treated prophylaxically with antibiotics.  Certain procedures can create a vacuum of pressure,


which may lead to the introduction of bacteria or viruses into the brain. Types of procedures to


avoid include educating the patient not to drink with a straw, drinking hot liquids, blowing of the


nose, or using the incentive spirometer. Medical procedures such as insertion of a nasogastric tube


via the nares should also be avoided, the mouth may be indicated as the better route. The head of the bed 


should be elevated as appropriate for CSF drainage.


Facial Fractures


Motor vehicle accidents are the most common cause for facial fractures.  Other causes are due to


assault, such as domestic violence, and sports injuries.  Common locations of facial fractures are


referred to as Le Forte I, II or III. Le Forte fractures usually occur to an unrestrained driver who is 


thrown against the dashboard or windshield. Because of the force that occurs to the head at the time of


injury, a thorough assessment must also include spinal cord, skull, and neurological status.


Patients with facial injuries, especially in those who are unconscious, are often at risk for an


inability to maintain their airway.


The first priority of care is to clear the airway of debris (blood, teeth or bone fragments), monitor the 


airway for edema (soft palate tissue, or tongue), assess breathing, and initiate an alternative


airway if indicated. Elevating the head of the bed, if no contraindications exist, can protect the


patient’s airway from occluding with secretions. Suction must be available at the bedside.  Then


bleeding and circulatory status must be assessed. Those with Le Forte II & III fractures are at a


higher risk for bleeding because the internal maxillary artery may tear and bleed into the ethmoid or 


maxillary sinuses.  Nasal packing with petroleum gauze or a balloon (30-mL) tamponade may be 


necessary for 24 - 48 hours.  If the packing remains in place for more than 48 hours, necrosis of the


nasal mucosal membranes or infection may occur. Fluid replacement and blood replacement is


administered as indicated by the patient’s response, laboratory reports, and the physician’s orders. It is 


imperative that the nurse recognizes signs and symptoms of neurological dysfunction and


immediately reports the changes to the physician. A fracture with an associated CSF leak, may


develop a pathway for oral bacteria flora to enter the cranial cavity.  Prophylactic antibiotics will be 


indicated and ordered by the physician.  Assess cranial nerve function (CN V-trigeminal and CN


VII-facial nerves) for motor and sensory dysfunction.  Monitor for excessive salivation as it is a


sign that a tear may have occurred in the parotid duct gland.  The patient’s level of comfort must
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also be assessed.  Frequent mouth care (with a toothbrush) and inspection of the oral cavity should be 


performed and documented every shift.


CLINICAL APPLICATION:


Warm normal saline mouth rinses should be performed every 2 hours for the initial 24 hours 


then every 4 hours and PRN (after liquid/solid nutrition).  Irrigation helps decrease swelling,


odor (old blood) and increases comfort to the patient.  If dental wires are present consider using 


an oral irrigation device with mouthwash or a salt solution.


Treatment of facial fractures is usually surgical with plating of the bones, which most often requires the


jaw to be wired shut. A liquid diet high in protein may be supplemented either through a


feeding tube or orally if the patient is awake and able to protect his airway.  To measure the


patient’s ability to swallow effectively, the physician may order a swallow study.


CLINICAL APPLICATION:


If a patient’s jaw is wired shut, wire cutters must be available at the bedside at all times. If the 


wires need to be cut, the vertical attachment wires or rubber bands are cut, NOT the


horizontal wires or rubber bands.  An example of an indication requiring the wires to be cut is 


when the patient vomits and occludes the airway because the emesis can not pass through the 


wires or rubber bands.


Le Forte I Fracture


This fracture is the most common type and occurs along the maxilla 


bone.  The patient presents with gross malocclusion, intra-oral


ecchymosis and possibly epistaxis.


Fracture


Line


Le Forte II Fracture - Mid-face separation


This fracture occurs between the malar bone and the maxilla bone


and across the nasal bone from one side to the other.  It also


involves the orbit and ethmoid bones.  It is considered an extension


of a Le Forte I fracture.  The patient presents with a dishpan face,


wrinkled bridge of the nose, severe epistaxis and edema along the


fracture lines.  There may or may not be a CSF leak. 


Le Forte III Fracture - Craniofacial disruption 


This fracture involves the malar and the nasal bone.  The patient


presents with malocclusion, facial edema, free-floating maxilla, a


CSF leak, and severe epistaxis.  The airway can be severely


compromised in these patients and an alternative airway 


(tracheostomy) is highly recommended.


Fracture


Line


Fracture


Line
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Concussion (Mild traumatic brain injury)


A concussion is the alteration of consciousness following a non-penetrating traumatic injury to the 


brain.   There are no gross or microscopic parenchymal abnormalities.  Therefore, CT scans indicate little 


to no abnormalities. Presentation includes confusion, disorientation, headache, dizziness,


fatigue, insomnia, and a period of retrograde amnesia.  Signs and symptoms usually resolve within 3 


months, but may last up to a year following the injury.  If there is a brief loss of consciousness, it is 


usually due to a transient disturbance of neuronal function.  With mild traumatic brain injury, excitatory


neurotransmitters are released and the brain enters a stage of hypermetabolism.  The


duration of this stage lasts 7-10 days from the initial injury.    If a second insult to the brain, called 


Second Impact Syndrome (SIS), occurs during this period (7-10 days), subsequent sequelae


produces cerebral edema that is refractory to all treatment efforts and ultimately could lead to death.


Hallmark sign of a concussion is amnesia


Cerebral Contusions


A cerebral contusion (bruising of the brain) is an area of bleeding and edema within the brain tissue. It 


begins as a primary injury then causes swelling, bleeding and increased intracranial pressure


producing the secondary injury.  Contusions may be caused by blunt trauma


(acceleration/deceleration injuries) or penetrating trauma (knives, bullets, foreign objects or bone 


fragments).  The contusion may occur at the site of the impact, a coup injury, or on the opposite side, 


contrecoup injury. The most common sites are the frontal and temporal lobes.


The clinical signs and symptoms of a cerebral contusion vary depending on the size of the


contusion, degree of swelling and the location in the brain.  Signs and symptoms may include a 


change in the level of consciousness, seizures, disorientation,


headache, vomiting, and signs of increased intracranial pressure,


which may lead to deterioration in neurological status.


Definitive diagnosis is made by a CT/MRI scan, which shows small


amounts of diffuse bleeding with edema. A follow-up CT scan (after 


a 24-hour period) will show an increase in bleeding and/or localized 


cerebral edema around the area of bleeding. Treatment may include 


supportive therapy, hyperventilation (if intubated, maintaining a


PaCO2 30 - 35 mm Hg), osmotic


diuretics (Mannitol), use of barbiturates (pentobarbital, or


thiopenthol), managing intracranial pressure (ICP monitoring) or 


surgery (removing the contused tissue).  If medical management


cannot control the intracranial pressure, decompressive surgery is 


the last method to be considered.


Cerebral Contusions


Copyright permission from
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Lobe Dysfunction
Frontal lobes Left - cognition, right voluntary motor function, expressive aphasia


(Blood Supply: Right - short-term memory, alteration in emotional control, motivation,


Lateral - MCA inhibition; moral ethical and social value disruption; and left voluntary motor


Middle - ACA) function


Parietal lobes Left - right sensory deficits, alteration in ability to understand written word 


(Blood Supply: Right - visual disturbances left sensory deficits, spatial confusion, and 


Lateral - MCA alteration in ability to process emotions and behavior 


Middle - ACA) 


Temporal Lobes Left - receptive aphasia, alteration in interpretive area (causes difficulty in 


(Blood Supply: learning and re-learning)


MCA) Right - unprovoked and abrupt aggression, and alteration in hearing, taste 


and smell


Occipital Lobes visual problems including recognition of objects, alteration in reading 


(Blood Supply: comprehension, and conjugate deviation of eyes/head


PCA)


Cerebellar Lobes problems including equilibrium, spatial, and locomotion, and altered posture


(Blood Supply: 


PCA and BA)


Brainstem temperature regulation (hypo or hyperthermia), altered autonomic nervous


(Blood Supply: VA system responses, thalamic syndrome (hyperthermia, tachycardia, posturing,


and BA) tachypnea), involuntary motor function, may have pupillary dilation (CN III


- indication of herniation) or pin point pupils (indication of hemorrhage in 


the pons), altered eye movements, respiratory alterations, uncontrolled 


vomiting, and altered swallowing abilities (CN IX)


Subarachnoid Hemorrhage


Bleeding occurs below the arachnoid meninge due to cerebral blood vessels being stretched or torn


at the time of injury.  A small amount of CSF occupies this space between the arachnoid and the pia 


meninge. The subarachnoid hemorrhage may not always be visible on a CT scan.  The patient’s


clinical presentation and associated brain injury may be more valuable for diagnosis.


Complications from blood in the subarachnoid space include focal ischemia, localized cerebral


edema, vasospasm, thrombosis of blood vessels, or a traumatic aneurysm that may develop on the


stretched blood vessel. The patient should be monitored for signs and symptoms of neurological


deterioration, intracranial hypertension and meningeal irritation.  The signs and symptoms are


reviewed later in this packet.


Treatment for subarachnoid hemorrhage that results from trauma remains controversial. In some


institutions, the calcium channel blocker, nimodipine, may be used.  Calcium channel blockers


slightly lower the MAP thereby decreasing the cerebral blood flow but potentially can cause further


brain tissue ischemia.  Evidence-based medicine is ever changing medical therapy and management of


subarachnoid hemorrhage.
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Epidural Hematomas


An epidural hematoma is a collection of blood in the extradural space 


(above the dura meningeal layer). The hematoma is usually located in the 


temporal area and is caused by the laceration of the middle


meningeal artery.  The laceration of the artery results in a rapidly


expanding hematoma shifting brain tissue medially and immediate


surgical intervention is required.  If untreated, this mass effect may result


in uncal herniation leading to brain death. The patient presents with the


classic period of lucidity followed by rapid neurological


deterioration.   Symptoms may include one or all of the following:


ipsilateral (same side) pupil dilation (due to direct lateral pressure on 


cranial nerve III from shifting brain tissue), change in the level of 


consciousness, posturing, contralateral limb weakness, hemiparesis, or


hemiplegia.


Subdural Hematoma


A subdural hematoma is a collection of blood below the dura.


It is usually venous in origin from the bilateral bridging veins. Subdural


hematomas are most frequently caused by falls, motor vehicle crashes,


assaults, and violent shaking. They are classified based on the time


symptoms occur: acute (24 - 48 hours), subacute (2 days to 2 weeks),


or chronic (2 weeks to 3 months). The CT scan will show a crescent- 


shaped hematoma spreading diffusely along the inner table of the skull.


Treatment includes the evacuation of the clot and control of bleeding.


Medical intervention for chronic subdural hematomas usually includes


keeping the patient positioned with the head of the bed flat for 24 hours


to facilitate re-expansion of brain tissue with the help of gravity. 


Intracerebral Hematomas


An intracerebral hematoma (ICH) results when there is bleeding within the


cerebral tissue.   An amount as small as 5 cc’s of blood can result in adverse


neurological signs and symptoms.  An ICH is most frequently caused by


depressed skull fractures, penetrating injuries, or acceleration-deceleration 


Epidural hematoma


Subdural hematoma


injuries.   They may also occur as a result of bleeding into necrotic brain tissue.


The patient presents usually with a sudden deterioration in neurological status. 


Management may include both medical and surgical interventions depending
upon the size and location of the bleeding. Intracerebral


hematoma


Diffuse Axonal Injury


Diffuse axonal injury (DAI) is caused by acceleration-deceleration and rotational forces during the 


primary head injury.    This injury causes a stretching and shearing of the neurons (white matter tracts)


throughout the brain, disrupting neuronal transmission. DAI is only visible on the MRI scan. However, 


there is a high index of suspicion when multiple small cerebral contusions appear on CT scan.  Varied 


neurological signs and symptoms may develop. It is clinically diagnosed when the
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patient presents with a prolonged coma (greater than 6 hours) and does not have signs of a mass


lesion or ischemia. DAI is classified as mild, moderate or severe.


Mild DAI: Coma lasting 6-24 hours, mild to moderate memory impairment, and mild to 


moderate disabilities 


Moderate DAI:   Coma lasting > 24 hours, followed by confusion and long-lasting amnesia.


Withdrawal to purposeful movements, and mild to severe memory, behavioral,


cognitive, and intellectual deficits


Severe DAI: Deep prolonged coma lasting months with flexion and extension posturing.


Dysautonomia can occur.  Deficits are noted in cognition, memory, speech


sensorimotor function and personality


Secondary Injuries


Secondary injuries occur after the initial traumatic injury and are a consequence of the primary


injury.   A pathological cascade occurs due to the biochemical changes in cellular structure.  These 


changes lead to cell death and further secondary injuries such as hypoxia, hypotension, hypercarbia,


hyperexcitation, cerebral edema, pathologic changes associated with increased intracranial pressure, late 


bleeding and expanding intracranial lesions.


Cellular Changes


The primary injury leads to an alteration in cerebral blood flow, hypoxia, and ischemia which


causes a biochemical cascade and cell damage.  The inflammatory process releases chemical


mediators, excitatory amino acids, other neurotransmitters and cytokines that also damage the cell. The 


excitatory amino acids found in high numbers in the brain are glutamate and aspartate.


Glutamate is the major excitatory neurotransmitter of the brain. Excessive stimulation of the


glutamate receptors on the membrane leads to an alteration in the ion channels allowing sodium and


calcium into the cell, further destroying the cell.  Proteases and lipases are produced for membrane


remodeling.  This process requires a high level of energy (ATP) and since this area is already


energy-deprived, it often leads to cell death.


Platelets are activated and release edema-producing factors leading to glial scarring.  Additionally, 


neutrophils activated by the injury cause the integrity of the blood-brain barrier (between the blood 


vessel and the astrocyte) to collapse and allow fluid and other larger molecules into the brain.


Astrocytes can become overwhelmed from the decrease in cerebral blood flow, increased acidity 


(lactate produced by anaerobic metabolism) and high calcium ions released by damaged neurons. 


Cytotoxic edema destroys the astrocyte or severely disables it leading to scarring.  The injured


astrocyte also secretes inhibitory chemicals that prevent regeneration of the neurons and glial cells.


The microglia cells release a variety of chemicals in response to injury.  The chemicals include


growth factors, cytokines, complement, free fatty acids, leukotrienes, reactive oxygen species


(ROS) and neurotoxins.  These chemicals can be magnified when they are induced by an excess


amount of calcium. These processes disrupt and destroy neuronal function.
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Hypoxia/Hypercarbia


Any head-injured patient has the potential for developing hypoxia and hypercarbia.  A patient with a 


brainstem injury will have abnormal breathing patterns because respirations are controlled by the 


brainstem resulting in inadequate ventilation and air exchange.  A decrease in the level of


consciousness will cause the muscles of the airway to relax, allowing the tongue to occlude the


airway.  The cough, gag and swallow reflexes are frequently diminished in head-injured patients. The 


loss of these protective mechanisms places the patient at an increased risk for vomiting,


aspiration, and pneumonitis.  Airway obstruction is managed by the chin lift and/or jaw thrust


maneuver (while maintaining cervical spine immobilization), suctioning, and use of alternative


airways (oral/nasal airways, intubation, and tracheostomy).  The presence of hypoxia (PaO2 <65 mm 


HG) significantly increases the mortality in the head-injured patient.  Assisted ventilation with 


supplemental oxygen at 100% may be necessary to oxygenate and ventilate the patient.  Blood gas


results will determine if any adjustments need to be made in the therapy.


Hypotension


Hypotension (SBP< 95mm Hg) when associated with hypoxia in the head injured patient causes 


cerebral ischemia resulting in deterioration of the patient.  The patient may present with signs and 


symptoms of hypotension, tachycardia (HR>100 bpm), and cool, clammy skin.    Hypotension seen


initially is usually not a result of the head injury, unless herniation is imminent.  Other causes of 


hypotension may include hypovolemia (blood loss), cardiac contusion, cardiac tamponade, tension 


pneumothorax, and/or a possible associated spinal cord injury (quadriplegia or paraplegia).


Treatment is aimed at restoring blood volume to the patient in order to prevent cerebral ischemia.


The patient should have two large bore IVs infusing an isotonic solution (normal saline). It is


important to monitor the patient’s glucose and electrolyte levels.  Hyperglycemia has been shown to be 


harmful to the injured brain.  Hyponatremia may be associated with brain edema and seizures.


Initially fluid is administered (approximately 2 liters) before vasoactive agents, such as dopamine or 


neosynephrine, are administered. Once the circulatory status is stable, interventions to maintain


euvolemia should be implemented.


Diffuse Cerebral Swelling/Edema


Diffuse cerebral swelling is a common occurrence in the head-injured patient.  It is usually caused


by an increase in cerebral flood flow or hyperemia and associated with cellular changes as discussed


previously.  Anoxia, as seen in those with a prolonged cardiac arrest, will also cause diffuse cerebral


swelling. The swelling can occur 48 to 72 hours after the initial insult and will contribute to an


increase in intracranial pressure.  Cerebral edema (increased water content in the brain) occurs less


frequently and usually follows more severe injuries.  Cerebral edema can be localized or diffuse and


peaks between 24 and 48 hours after the injury occurred.  Diffuse cerebral swelling contributes to a


decrease in cerebral blood flow and brain tissue perfusion, increased intracranial pressure and


possible herniation.
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CLINICAL APPLICATION:


Vasogenic edema happens when there is a breakdown in the blood-brain barrier, allowing larger


molecules of proteins and electrolytes to move into the interstitial space and results in bringing water 


into the extracellular space.  This is seen in the white matter and peaks at 48 - 72 hours.


Cytotoxic edema happens when the cerebral tissues do not receive adequate oxygen and


glucose resulting in cellular energy depletion. Failure of the sodium-potassium pump allows


water and sodium to accumulate inside the cell. This is seen primarily in the grey matter.


Increased Intracranial Pressure


Since the cranial vault is a rigid container with a fixed volume, any change in the system can be 


detrimental.  In order to maintain normal intracranial pressure, compensatory actions will include 


displacement of cerebrospinal fluid, compression of brain tissue and reduction of cerebral blood 


volume.  With continued expansion of a pathological condition, the compensatory mechanisms


become exhausted, which cause the intracranial pressure to rise quickly even with small increases in


volume.  Consequently, the patient neurologically deteriorates.


Intracranial hypertension limits cerebral flood flow and contributes to further brain injury.  Cerebral


blood flow is controlled by cerebral perfusion pressure that is affected by hypoxia (PaO2 < 60mm Hg) 


and hypercarbia (CO2 > 45mm Hg).  This may result in vasodilitation and increased blood


flow, which may increase ICP.  Hypocapnia (CO2 < 30mm Hg) causes vasoconstriction and


decreased blood flow leading to brain ischemia.  Patients with a Glasgow Coma Scale (GCS) less than 


8 are most likely not able to maintain an airway; therefore, they should have an artificial


airway placed and be monitored for additional ventilatory support. Clinical measuring of cerebral 


perfusion pressure should be obtained. Values less than 70mm Hg indicate cerebral ischemia and must


be reported to the physician. Medical goals of treatment are to maintain the MAP  90mm Hg, the PaO2


within normal range (per patient history and/or >90 mm Hg), and PaCO2 30-35 mm Hg.


Early signs of neurological deterioration include altered level of consciousness (restlessness,


agitation, somnolence, obtundation, lethargy), vomiting, headache, abnormal respirations, seizures, 


posturing, and change in pupil size or reactivity. These signs and symptoms all represent changes


in the patient’s intracranial pressure.   It is extremely important when any alteration in the level of


consciousness or these signs are detected to immediately notify the physician because any delay


may result in coma or death.  Signs and symptoms of a meningeal irritation include a headache,


nuchal rigidity, a positive Brudzinski’s sign, and positive Kernig’s sign.  Brudzinki’s sign is a


severe neck stiffness that causes the patient’s hips and knees to flex when the neck is flexed.  A


positive Kernig’s sign is the severe stiffness of hamstrings that cause an inability to straighten the


leg when the hips are flexed 90°.
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Signs and Symptoms
Early Neurological


Deterioration Meningeal Irritation Intracranial Hypertension


 Altered level of  Headache  Deterioration in level of 


consciousness  Nuchal rigidity consciousness


 Vomiting  Brudzinski’s sign 


 Headache  Kernig’s sign


 Abnormal respiratory 


pattern


 Abnormal motor


movement


 Pupillary changes (shape, 


size, reactivity)


 Seizures


 Ipsilateral dilated pupil (> 4mm) 


 Hemiparesis or hemiplegia 


 Abnormal posturing


Compensation for Increased ICP


The brain may try to compensate for the increase in one of the intracranial components by shunting 


CSF to the spinal subarachnoid space, increasing CSF absorption, decreasing CSF production, or by 


shunting venous blood out of the skull.  Using some of these compensatory mechanisms, the brain will 


maintain a relatively normal ICP. When the brain has used all of these mechanisms, there will be a 


sharp rise in the ICP.  This will lead to herniation of brain tissue downward through the


foramen magnum.  As this happens, blood will cease to flow to the brain and causes brain tissue 


hypoxia, ischemia, infarction, necrosis, and/or death.


Cushing’s Triad


Cushing’s Triad is the brain’s last attempt to perfuse itself.  These late signs of intracranial


hypertension include widening pulse pressure (elevated systolic pressure with a normal diastolic


pressure) and bradycardia. Treatment should be initiated immediately to decrease intracranial


pressure and increase cerebral perfusion pressure.  In an intact cranial vault, edematous brain tissue


seeks an area of less pressure and a downward movement of tissue can occur towards the foramen


magnum.  Increased pressure on the brainstem results in dysfunction of the respiratory and cardiac


centers.


CLINICAL APPLICATION:


Cushing’s Triad


Signs of impending herniation include elevated systolic blood pressure, widening pulse 


pressure (> 40 mm Hg), and bradycardia.


Herniation results in respiratory and cardiac arrest.
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Herniation


Expansion and shifting of brain tissue from one area of the brain to another decreases intracranial


compliance.  If untreated, it will result in herniation of the brain leading to brain death.


There are two major categories of herniation: supratentorial (above the tentorial notch) and


infratentorial (below the tentorial notch).  The types of supratentorial herniation are uncal, central or 


transtentorial, cingulate (subfalcine), and transcalvarial.   The types of infratentorial herniation are 


upward transtentorial and downward cerebellar (tonsillar).


Supratentorial Herniation


Uncal herniation results when the increased ICP forces the brain (the


uncus of the temporal lobe) downward into the skull and the tissue shifts


medially compressing the cranial nerve III near the brainstem. The 


patient will usually present with ipsilateral pupil dilation


(aniscoria > 1mm difference), decreased level of consciousness


(restlessness, agitation), respiratory pattern changes


(hyperventilation) and contralateral hemiplegia and/or posturing. The


lateral displacement of the diencephalon and midbrain compresses


the tentorium incisura contralateral to the expanding lesion resulting Uncal herniation in
ipsilateral hemiparesis.   This phenomenon is called Kernohan’s


notch.  The posterior cerebral artery also may be compressed on the same side as the expanding


lesion. Uncal herniation is a precursor to central herniation.  The goal of treatment is to prevent


uncal herniation from advancing to central herniation.


Cingulate herniation takes place when the expanding lesion of one


hemisphere shifts laterally and forces the cingulated gyrus under the falx


cerebri (dura mater between the two hemispheres).  The patient presents


with decreased level of consciousness and posturing.  This usually occurs


simultaneously with uncal herniation.  If uncontrolled, cingulate


herniation can lead to central herniation. 
Cingulate herniation


Central herniation is the downward movement of the cerebrum (frontal, temporal, parietal, occipital,


basal ganglia, and diencephalon) through the tentorial notch. Central herniation is usually preceded by 


uncal and cingulate herniation.  Clinical presentation includes change in level of consciousness


(lethargy, agitation, stupor leading to coma); small, reactive pupils initially (1-3 mm), then fixed and 


dilated; respiratory pattern changes leading to arrest (sighs, yawns, pauses, later cheyne-stokes);


posturing initially then flaccidity; and diabetes insipidus.


Transcalvarial herniation is extrusion of brain tissue through the cranium due to penetrating trauma,


skull fracture (most common is a basilar fracture), or craniotomy site. Clincial presentation includes 


severe neurological deficits and/or death.


Infratentorial Herniation


Upward transtentorial herniation is an expanding mass of the cerebellum, which protrudes upward


pushing the midbrain through the tentorial notch. Cranial Nerve II compression occurs leading to
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blockage of the central aqueduct which then leads to distortion of the third ventricle, obstruction of 


CSF flow and occlusion of arterial supply to the brainstem. Brain death will occur if untreated or


uncontrolled.


Downward cerebellar herniation (tonsilar herniation) is an


expanding downward lesion of the cerebellum through the


foramen magnum, which compresses the brainstem.  Clincial


presentation includes respiratory arrest, cardiac arrest and brain


death.


Tonsilar herniation
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Patient Care


Assessment


The key components of the trauma assessment are as follows:


1. ABC’s: 


Assess the airway with stabilization of the cervical spine, breathing, circulation, heart rate and 


blood pressure before the neurological exam.


2. Examination of the Skull: 


Assess for periorbital and postauricular ecchymosis, cerebrospinal fluid otorrhea and rhinorrhea,


hemotympanum, penetrating injury or depressed fracture, and lacerations.


3. History:


Gather information related to the mechanism of injury and care prior to hospitalization. 


4. Neurological Exam:


Cerebral function Assess the level of consciousness, mental status, awareness, arousal,


cognitive function, and behavior. 


Cranial Nerve and This reflects brainstem function.  Assess the pupils, eye movements, 


pupillary cough reflex, corneal reflex and gag reflex. 


examination


Motor and cerebellar Assess strength, movement, gait, and posture.  Each extremity must be 


function assessed separately. It is important to document the degree and type of 


stimulus applied to elicit the motor activity.  Central stimuli include


sternal rub, trapezius pinch and/or supraorbital pressure. Abnormal


findings include abnormal posturing, flaccidity, and focal motor


movements.


Sensory examination  Assess tactile and pain sensations.


Reflex examination    Assess superficial and deep tendon reflexes.


Glasgow Coma This is a valuable component of the neurological exam because it is


Scale nationally and internationally recognized.  It is only one part of the


neurological exam. See Appendix for GCS chart.


Severe Head Injury: GCS  8 or a decrease in 2 points


or more after admission.


Moderate Head Injury: GCS 9-12


Mild Head Injury: GCS 13-15


Diagnostic Studies


The CT scan without constrast is the gold standard for evaluation of head injuries.  The CT can


identify mass lesions, skull fractures, epidural hematomas, subdural hematomas, cerebral swelling and 


edema.  Skull x-rays may be useful in identifying missile injuries and depressed skull fractures, but has 


essentially been replaced by the CT scan as an evaluation tool.  The MRI is not effective in the initial


screening of the head-injured patient, but may be useful in visualizing diffuse axonal injuries (DAI),


nonhemorrhagic contusions, posterior fossa and small vascular lesions.
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Management


The Brain Trauma Foundation (BTF) and the American Association of Neurological Surgeons


(AANS) compiled evidence-based research and re-published in 2000 “The Guidelines for the


Management of Severe Head Injury” that provides recommendations for practice.  The discussion is 


extensive and beyond the scope of this packet.


The first priority in trauma resuscitation of the head-injured patient is the prevention of hypoxia and


hypotension. All head-injured patients are treated as if they have a cervical spine injury (until


clinically proven otherwise) by opening the airway with the jaw thrust maneuver. If the GCS is less than 


or equal to 8 or if the patient is hypoventilating, intubation may be required to secure the


airway.  The next step is to hyperoxygenate the patient with 100% oxygen.  Hyperventilation is no


longer recommended unless the patient begins to rapidly deteriorate.  Rather, normocapnea or mild 


hypocapnea (PaCO2 30 - 35 mm Hg is used to prevent severe vasoconstriction and cerebral


ischemia.  Circulation should be maintained with use of normal saline, and then inotropes


(Dopamine, Neosynephrine) if severe hypotension is present.  In the past IV fluids were restricted to 


prevent brain swelling, but evidence-based medicine shows that early post injury hypotension


(MAP  90 mm Hg) greatly increases morbidity and mortality due to secondary brain insult


resulting from poor perfusion.  Once the patient is hemodynamically stable, a non-crystalloid


solution is infused to maintain the patient’s normal volume.  A solution of D5W is not indicated as it can 


freely cross the blood brain barrier and enter into the brain tissue.


After the initial resuscitation has been successfully completed, the goal of management is to prevent


and control complications of secondary head injuries especially intracranial hypertension, cerebral 


hypoxia and ischemia.  Treatments are utilized in an attempt to control intracranial hypertension (ICP >


15 mm Hg) and to enhance cerebral perfusion (CPP > 70 mmHg).


Reduction of Cerebral Blood Flow


Reduction of cerebral blood flow includes maintaining head position, ventilation, hypothermia, and 


medication administration such as anticonvulsants, sedation and pain control, barbiturates, and


neuromuscular drugs.


Head Position


Once the systolic blood pressure (SBP) is greater than or equal to 90 mm Hg, the head of the bed


should be elevated 30 degrees and the head kept midline to enhance jugular venous return and CSF 


drainage. The endotracheal tube should be secured above the ears to prevent compression of the


jugular veins.


Anticonvulsants (Anti-epileptic Drugs)


Anticonvulsants are used to control or prevent seizures. Seizure activity increases cerebral blood flow 


and intracranial pressure (ICP) which thereby increases oxygen consumption. Ativan, a drug used for 


sedation, also has anticonvulsant properties. Caution must be taken when giving this


medication as it changes the patient’s level of consciousness and may mask signs and symptoms of 


neurologic and respiratory deterioration.  If the patient experiences seizure activity, a


benzodiazepine such as Ativan, is the drug of choice to stop the seizure.  It should be followed by an


infusion of an anticonvulsant for prevention of further seizures. Phenytoin (Dilantin) is an
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anticonvulsant frequently used, however other anticonvulsants may be indicated depending upon the 


location of the injury, severity of the injury and current medical therapy.


Sedation and Pain Control


Pain and agitation are still present in a patient with neurological impairment.  Assessment should be


performed on the patient to determine the characteristics of pain.  It is important to trend the


patient’s neurological status to identify any changes in the level of consciousness.  Agitation is


frequently associated with changes in level of consciousness as evidenced by either a deterioration


and/or emergence from a coma.    Pharmacologic agents can be used only after it has been


determined that the agitation is not an indication of deterioration in the patient’s condition.


Sedation reduces elevated sympathetic tone and hypertension induced by movement.  Oxygen


saturation levels are checked prior to administering the sedation if patient is agitated.  Patient safety


is the first priority. Sedatives should be titrated to a Riker Sedation-Agitation Scale (SAS) score of 3


- 4 (see appendix).


It is important to document thoroughly on the patient’s flow sheet the initial level of pain the 


patient has prior to any medication given and the response to the medication given.


Pharmacologic therapy for sedation and pain control includes non-central nervous system


depressants (non-narcotic analgesics) and central nervous system depressants (opioid-narcotic


analgesics).      Aspirin, acetaminophen, and nonsteroidal and anti-inflammatory drugs are the main


non-CNS depressants.  In addition to their analgesic properties, these drugs have antipyretic and anti-


inflammatory (except acetaminophen) effects. These non-CNS depressants are used to treat mild to 


moderate levels of pain.


CNS depressants are effective against moderate to severe pain; however, they have many


potentially harmful side effects. Side effects may include one or all of the following: respiratory 


depression, orthostatic hypotension, cough suppression, nausea, vomiting, constipation and urinary


retention.   Codeine is a narcotic commonly administered for its short-acting analgesic property.


Morphine sulfate may also be given; however, the side effects include respiratory depression,


hypotension, and difficulty with neurological assessment. Morphine sulfate is easily reversible with


narcan. It is important to document thoroughly on the patient’s flow sheet the initial level of pain the 


patient has prior to any medication given and response to medication given.


Propofol is a very useful agent in controlling intracranial 


hypertension following brain injury.  It is recommended


for use after the patient has failed conventional sedation


with narcotics and benzodiazepines.  The patient must be


intubated and on a mechanical ventilator to maintain 


respiratory function.  A baseline 12-lead EKG and 


continuous cardiac monitoring are recommended during


the infusion.  The patient must be monitored for


bradycardia and elongation of the PR or QT interval.


Serum calcium levels should be maintained within


normal levels and should be monitored prior to and


during the infusion. The patient should also be


monitored for hyperlipidemia. The infusion should be


used at the lowest dose necessary to achieve the desired 


Systemic Effects of Propofol 


   Bradycardia


   Hypotension 


   PR or QT elongation 


   Increasing vasoactive


imedication requirements


   Arrhythmias 


   Worsening metabolic acidosis 


Methemoglobinemia
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clinical effect and should be discontinued as soon as possible.  The infusion is titrated to the desired


Riker score or ICP/CPP as indicated by physician.  Typical infusion rates are 25 - 50 mcg/kg/min.


Above 50 mcg/kg/min is considered anesthesia. If the infusion rate exceeds 80 mcg/kg/min,


systemic effects may begin to appear.


Ventilation


The patient with severe brain injury is intubated and placed on a mechanical ventilator to control 


oxygenation and ventilation.  PaO2 is maintained at 90-95 mm Hg or greater. The effects of


controlled hyperventilation can be noted less than 30 seconds from onset, and the peak effect is


noted at approximately 8 minutes. The goal is to maintain the PCO2 level at 30 - 35 mm Hg.


Maintaining the PCO2 at this level will vasoconstrict the cerebral blood vessels, thereby decreasing the


blood flow to the brain, which decreases the ICP according to the Monroe-Kellie Doctrine.  If the 


PCO2 level falls below 30, it can result in the opposite effect, leading to vasodilation and


increased intracranial pressure. Therefore, hyperventilation is used for acute episodes of


neurological deterioration only. Continuous monitoring of the patient’s end-tidal carbon dioxide


(ETCO2) level is necessary.  Correlating the ETCO2 value with the patient’s arterial blood gas


(ABG) value is valuable for timely adjustments in therapy.


New technology provides options for specific monitoring of brain tissue oxygenation.  This is


separate from ICP and temperature monitoring. The LICOX
®
 Monitor measures the oxygen partial


pressure (PbtO2) of brain tissue. The LICOX
®
 parenchymal catheter is inserted into the white


matter.  It is able to provide an early indication of differences between brain tissue oxygen supply and


brain tissue oxygen demand, which may be an indicator for outcome prediction. If placed in the


uninjured side, this will reflect global information relating to cerebral oxygenation. If placed in tissue 


around the injured site, this may reflect the changes in cerebral oxygenation. This placement is 


indicated by what information the physician seeks to monitor.


The mean normal PbtO2 is >30 mm Hg, with a range of 25-50 mm Hg.  If PbtO2 is <15 for 30


minutes or <10 mm Hg for 10 minutes, the risk of death increases.  Furthermore, ischemia is


reported at ranges of <8 - 12 mm Hg, high mortality when <5 mm Hg, and neuronal death when  2 mm


Hg.


This device allows for treatment to be targeted at improving oxygen delivery and to decrease its 


consumption.  Delivery of oxygen to the brain improves oxygen content of blood by correcting


anemias or increasing the FIO2.  The flow of blood can be improved through the use of fluids,


vasopressors, adjusting the PaCO2 and treating increased ICP. The consumption of oxygen can be 


decreased through sedation/paralysis, analgesia, and temperature regulation.  The effectiveness of 


these interventions can then be quickly assessed using this type of monitoring device.


Barbiturates (Heavy Sedation)


The physician may order the patient to be placed into a medicated coma, otherwise known as a


barbiturate coma.  Short-acting barbiturates most commonly prescribed are pentobarbital


(Nembutal) or thiopental.  Barbiturates act on the central nervous system by decreasing cerebral


blood flow, thereby decreasing the cerebral metabolism.  Barbiturates also have a systemic effect on the


cardiovascular system causing the peripheral venodilation of blood vessels and the pooling of blood in


the periphery.  The patient MUST be intubated, placed on mechanical ventilator, and


hemodynamically monitored (including continuous arterial line pressure monitoring).    It is highly


recommended to have a PA catheter in place for advanced hemodynamic monitoring and


continuously monitor the EEG (Electroencephalogram). Cardiovascular effects that can occur are
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hypotension and myocardial depression.  The nurse must anticipate a drop in blood pressure and 


mean arterial pressure (MAP).  The use of vasoactive drugs (e.g. dopamine and/or phenylephrine


hydrochloride infusion) may be indicated to keep the MAP 90 mm Hg.


When barbiturates are utilized, the neurological assessment is severely diminished or lost; however, 


pupillary assessment can still be monitored. The brain’s electrical activity may also be monitored with 


an EEG.  The nurse monitors the electrical waveforms, noting any suppression of the electrical activity.


The goal is to achieve burst suppression of electrical activity as indicated by the physicians order usually 


between 3-6 seconds.  Suppression of brain waves lasting more than 6 seconds


indicates high levels of barbiturates. (See the appendix for more information on EEG monitoring.)


Therapy consists of administering a loading dose 10mg/kg infused over 30 minutes with a


recommendation of 5mg/kg every hour for three doses.  Then a maintenance dose titrated to 1-3


mg/kg/hr or a continuous infusion as needed to control ICP.  Duration of barbiturate therapy for


intracranial hypertension is up to 48 hours; however, it is the physician’s decision as to the length of 


therapy.  Barbiturate levels of 30-40 mg/dL (as measured in the serum) have been shown to control


ICP’s > 20 and cause burst suppression of the EEG waveform.  If therapy is continued beyond 72


hours, it is recommended to monitor barbiturate levels since it is stored in the body fat.  Liver and


renal function should also be monitored as the drugs are metabolized and excreted through those


systems.  The half-life of pentobarbital is 15-48 hours and thiopental is 11-12 hours.  Barbiturates


must be cleared from the body before a complete neurological assessment can be performed.  If


cerebral death is anticipated or assumed, a cerebral blood flow study must be completed for


definitive declaration of brain death.


Neuromuscular Blocking Agents (NMBA’s) (Heavy Sedation/Paralytics)


In some hospital settings, neuromuscular blocking agents (NMBA’s) are utilized in conjunction


with barbiturate therapy; or NMBA’s with analgesics (Morphine Sulfate) and amnesic (Versed) as 


continuous IV therapy.  NMBA’s act by paralyzing the muscles to decrease tissue metabolism. 


Continuous infusions are recommended after bolus dosing.


NMBA’s utilized include: 


Long-Acting Agents 


Medication Elimination


Atracurium Hofmann


(Tracrium) degradation*


Cisatracurium Hofmann


Short-Acting Agents 


Medication Elimination


Mivacurium Hydrolysis by plasma


(Mivacron) esterases


Rapacuronium


(Nimbex)


Doxacurium


(Nuromax)


Pancuronium


(Pavulon)


Pipecuronium


(Arduan)


Tuboccurarine


(Tubarine)


Vecuronium


(Norcuron)


degradation*


Kidneys and Liver


Kidneys and Liver


Kidneys and Liver


Kidneys and Liver


Kidneys and Liver


Kidneys and Liver
(Raplon)
Rocuronium


Kidneys and Liver
(Zemuron)
Succinylcholine


Kidneys and Liver
(Anectine)


* Hofmann degradation is an enzymatic


process that occurs when there is a change 


in the pH of the medication.
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If barbiturate therapy is not used with NMBA’s, a continuous infusion of Morphine Sulfate and


Versed is administered.  The nurse must monitor the patient’s Train of Four (TOF) responses using a 


peripheral nerve stimulator (PNS) prior to beginning the infusion, with changes in dosage, and as


directed. (See the appendix for information on Train of Four.)  In addition to monitoring the TOF, the 


nurse needs to maintain the patient’s airway and ensure adequate ventilation.  Ventilator alarms are set 


to detect even the slightest change in pressure. All alarms must be answered immediately and a bag-


valve-mask kept at the bedside and with the patient at all times.


Nursing care for a paralyzed patient includes: turning the patient every two hours, providing passive


range of motion, and using a pressure reducing device on the mattress, such as an air mattress.


Since the patient is unable to blink, moisten the eyes with lubrication or artificial tears.


The appropriateness of discontinuing use of NMBA’s should be assessed in conjunction with the


physician.  This should be done every 24 hours, comparing the current assessment to the patient’s


baseline condition.  Evidence-based guidelines include monitoring lab values (LFT’s, BUN, Cr, and 


Creatine clearance).


Hypothermia


The hypothalamus regulates the internal body temperature and is located in the brain above the


brainstem. Head injuries, neurological disease, and/or cranial surgery can stimulate the


hypothalamus causing a rise in body temperature. Mild hypothermia may have a significant


beneficial effect on neurological outcome. Research has shown hypothermia (32  C) can reduce the


incidence of seizure activity and cerebral metabolism, which contributes to a reduction in ICP.


However, it is not routinely used due to complications that can occur such as coagulopathy and


shivering, which in turn increases cerebral oxygen demand.  The goal of treatment is to keep the


patient normothermic.


With newer technological advances in brain monitoring, there is the capability to measure specific


brain temperature utilizing the Licox
®


 monitoring system ( Integra Neurosciences).  Clincial


research has shown there to be an upward of 1 - 4 degree increase in cerebral temperature over core 


body temperature.


Reduction in Brain Volume


Hyperosmolar Therapy


Mannitol reduces brain bulk by two mechanisms. First it reduces blood viscosity causing an osmotic


gradient between healthy brain cells and the intravascular space resulting in an influx of water into the 


bloodstream.  An immediate but transient reduction in ICP occurs after the administration of Mannitol.


The second mechanism is a dehydrating effect as opposed to the osmotic effect on brain bulk, which 


results from prolonged use of Mannitol.


Mannitol is recommended to be given in bolus doses rather than a continuous infusion.  Mannitol


0.25-0.50 gm/kg is given every four to six hours with additional doses given for intermittent


increases in ICP. The serum sodium and osmolarity must be monitored when using Mannitol.


Mannitol should not be given if the serum osmolality is >320 mOsm/L or sodium (NA+) level is 155


mEq/L. Mannitol administered for long periods of time may cause a rebound effect resulting in
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movement of water back into the brain tissue, therefore it should be tapered.  The overall goal is to


keep the patient euvolemic with the aid of hemodynamic monitoring, CVP or PA catheter.


Surgery


A craniotomy may be necessary to evacuate a hematoma, debulk contused tissue or decompress


vital structures.   The risks and benefits are discussed by the neurosurgeon to the patient’s family in this


event.


Cerebrospinal Fluid Reduction


Cerebrospinal Fluid Drainage


A ventriculostomy may be placed to drain CSF directly and monitor ICP.  The catheter is placed in 


one of the lateral ventricles of the brain and may be drained continuously or intermittently for


increases in ICP.  It is beyond the scope of this packet to discuss this in-depth.


Diuretics


The use of diuretics such as Lasix is controversial and can be used to reduce body fluids and 


decrease the production of CSF.  Lasix may be used in conjunction with Mannitol.


Complications


Complications of patients with traumatic brain injuries depend upon the severity of injury.  This 


includes neurological deficits, post-traumatic vasospasms, seizures, intracranial infection,


pulmonary compromise (pneumonia, ARDS), coagulopathy (DIC), gastro-intestinal mucosal


erosion (Cushing’s ulcer), cardiac rhythm abnormalities, protein-calorie malnutrition, and


complications related to immobility.  The overall goal is to avoid or minimize complications from


secondary injuries (hypotension, hypoxia, hypoglycemia, hypercarbia).
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Prognosis


The outcome from traumatic brain injury is directly related to a decreased cerebral blood flow,


duration of coma and sustained intracranial hypertension that results in ischemic brain injury.


About 20% of head injuries result in severe brain injury.  Due to the wide spectrum of traumatic


brain injuries, it is difficult to predict the outcome from individual to individual.  Implementation of


the “Guidelines for the Management of Severe Traumatic Brain Injury” developed by the Brain


Trauma Foundation, American Association of Neurological Surgeons, the Congress of Neurological


Surgeons, and the Joint section on Neurotrauma and Critical Care assist with optimizing the


treatment plan.


Prevention


Prevention is a key component in the management of traumatic head injury.  Statistics show that


injury can be prevented or limited if precautions are taken.  The use of helmets has reduced the risk of


head injury in cyclists by 80-90%.  Motor vehicle manufacturers are improving car designs as a result


of crash data collected.  This has shown to reduce significant injury with use of seatbelts and air bags


that result in the changes currently being made. Substance abuse (alcohol, illicit drugs) is frequently


associated with traumatic brain injury.  Programs begin in the school systems to educate adolescents


and young adults about the dangers associated with the use of drugs.  Preventing the devastating 


effects or traumatic head injury is a primary goal of the trauma management system.


Summary


Limiting or preventing hypoxia, hypercarbia, hypotension, hypovolemia, hypoglycemia,


hyponatremia or hypernatremia, and hyperthermia are goals of treatment for the patient with a


significant head injury.  New studies are underway to evaluate medications for reducing cerebral 


edema and free radical scavengers to reduce hyperexcitation that results in an increased ICP.
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Appendix 1: Glasgow Coma Scale


Eye Opening:


Assesses the functioning of the RAS located in the brainstem.  It is responsible for alertness


and arousal to the environment (normal wake-sleep cycles).


Verbal Response:


Reflects the functions of the cerebral cortex.  It is associated with the RAS and is 


responsible for awareness of the environment and language content.


Motor Response:


Indicates damage to the cerebral hemispheres, the diencephalon, and/or the brain stem.


Measures the function of the corticospinal tract and motor strip in the cerebral cortex.


Muscle weakness is a cardinal sign of dysfunction.  It is important to note the degree of


stimulation required to elicit a motor response in your patient and document.  Document the


patient’s BEST response.


Highest score 15 


Parameter
Eye Opening


Verbal Response 


Motor Response 


Lowest score 3 


Score Response
4 Spontaneous


3 To voice 


2 To pain


1 No response


5 Oriented


4 Confused


3 Inappropriate words


2 Incomprehensible sounds 


1 No response


6 Follows Commands 


5 Purposeful, localizes


4 Withdraws to pain 


3 Abnormal Flexion (decorticate)


2 Abnormal Extension (decerebrate)


1 No response
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Appendix 2: Glasgow Outcome Scale


The Glasgow Outcome Scale places traumatic brain injured patients into one of five categories


based upon the degree of their residual function and independence.  This scale does not evaluate


cognitive function. 


Score   Category 
1 Death


2 Coma/persistent vegetative state 


(PVS)


3 Severe disability 


(may be conscious) 


4 Moderate disability 


5 Good outcome (recovery)


Definition


Unresponsiveness to internal or external


stimuli, no visual cortical function 


Dependent for daily support because of


mental or physical disability or both


Independent with self-care, but requires a


monitored environment


Functional independence, may or may not


have minor deficits.  Returns to a full time


job comparable to preinjury level.


Resumes a normal life.
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buttons for functionality. 







How To Open The CD Contents…. 


 
Depending on the file or application within the CD they will act differently when 


you click on the buttons to access them. 


It will also vary upon your computer settings, anti virus and firewall programs. 
 


Most users may simply get a warning message to trust the application or file and you 
just need to accept it as a trusted file or application. 


 
The most common warning is an “ACTIVE X CONTROL” feature that you should 


allow to view the contents. 
 


If your settings are a bit higher on the security end, you may have to add the file or 
application to the exclusion or trusted settings in your antivirus or firewall. 


 
The way to do this varies with each antivirus program so check your AV user guide 


for help on this. 
We can also try and guide if you contact us with your software application and 


whatever message you are receiving. 
 


All the files and applications are 100% virus and adware free. They are safe to use 
and/or install on your computer. 


 
This new version of Turbo Medic is designed to run right from your CD drive so you 


can use it without downloading anything or taking up space on your hard drive. 
 


You may save a majority of the content to your hard drive – but we suggest running it 
from the CD for ease of use and error free access. Parts of files depend on each other 


and are not fully downloadable. 


The CD contains close to 700MB of content. 
 


Please be patient when sections are loading. They have been tested on Windows OS 
XP‐8 and Vista. 


The primary file types are : 
 


Applications or .exe programs  
Adobe pdf 
Flash and Quicktime 
Windows Media Player 
Various graphic types such as jpeg, gif and bmp. 
Javascript & PHP 
Zipped folders or .zip  
Internet Explorer 







Most users already have the readers for these files on their computer but they 
may also be download free from the internet. If you do not have the latest or 
correct application installed, your system should prompt you to get the latest 


version when you attempt to open the file. 
 


.E XE programs – These will run direct from your CD drive. Just make sure that 
your anti virus or firewall is not blocking them. These are the main applications 


that will contain the study and resource content. These can be downloaded to 
your hard drive but are very large files that  contain small .dll and codecs as well 


as security information unique to your computer when you ran the disc. 
 


Therefore if you do install them on your hard drive it may take time and your 
computer might not collect all the needed files to run them. 


We suggest running these from the CD as designed for optimal use and 
performance. 


 


Adobe Pdf ‐ When you go to view these file types it will ask if you wish to 
“Open” or “Save” the file. We suggest choosing “Open”. This will open the file 
in a new window on your computer for viewing. You can also save these files 


to your hard drive if you want. 


Audio/Video – These will play within the application when you select them. 
 


Javascript – Occasionally you may be asked to allow Javascript or Active X 
Content to run. Allow these to run by clicking on the yellow bar that will be 


seen along the top of program or browser window. 
 


Zipped files – There are a few of these files that will either ask to open or save 
to your computer or will simply open in windows explorer. This will depend 
on your OS and settings. You can save these to your hard drive since they are 


meant to be printed or run exclusive from Turbo Medic. 
 


Internet Explorer – There is offline and online web content included.  
It is noted when you will need an online connection to access these 


files. 
 


As you explorer and use Turbo Medic you will find what is best for you as a 
user and can utilize the content to fit your needs. Again we do suggest running 


as much as possible from the CD directly. 


Additional help and information can be found at  


http://turbomedic.com/help.htm 



http://turbomedic.com/help.htm





EMS SEO, Inc. Software License 
 


PLEASE READ THIS LICENSE CAREFULLY .     BY UNSEALING THESE DISK(S), YOU AGREE TO BECOME BOUND 
BY THE TERMS OF THIS LICENSE. IF YOU DO NOT AGREE TO THE TERMS OF THIS LICENSE, DO NOT INSTALL THE 
DISK(S) AND PROMPTLY RETURN THIS PACKAGE TO THE PLACE WHERE YOU OBTAINED IT FOR A FULL REFUND. 


The enclosed computer program(s) (the “Software”) is licensed, not sold, to you by EMS SEO, Inc. (“EMS SEO”) for use 
only under the terms of this License, and EMS SEO reserves any rights not expressly granted to you. You own the disk(s) on 


which the Software is recorded or fixed, but EMS SEO and its licensers retain ownership of the Software itself. 
1. License . This License allows you to use one copy of the software on a single computer at a time. To “use” the Software 


means that the Software is either loaded in the temporary memory ( i.e., RAM) of a computer or installed on the permanent memory 
of a computer (i.e., hard disk, CD ROM, etc.). You may use at one time as many copies of the Software as you have licenses for. 


You may install the Software on a common storage device shared by multiple computers, provided that if you have more computers 
having access to the common storage device than the number of licensed copies of the Software, you must have some software 


mechanism which locks-out any concurrent users in excess of the number of licensed copies of the Software. 
2. Restrictions . The Software contains trade secrets in its human perceivable form and, to protect them, YOU MAY NOT 
REVERSE ENGINEER, DECOMPILE, DISASSEMBLE, OR OTHERWISE REDUCE THE SOFTWARE TO ANY HUMAN 
PERCEIVABLE FORM. YOU MAY NOT MODIFY, ADAPT, TRANSLATE, RENT, LEASE, LOAN, RESELL OR CREATE 


DERIVATIVE WORKS BASED UPON THIS SOFTWARE OR ANY PART THEREOF. 
3. Termination .  This License is effective until terminated. This License will terminate immediately without notice from 


EMS SEO or judicial resolution if you fail to comply with any provision of this License.  Upon such termination you must destroy 
the Software, all accompanying written materials, and all copies thereof. 


4. Export Law Assurances .  You agree that neither the Software nor any direct product thereof is being or will be 
shipped,  transferred  or  re-exported,  directly  or  indirectly,  into  any  country  prohibited  by  the  United  States  Export 


Administration Act and the regulations thereunder or will be used for any purpose prohibited by the Act. 
5. Limited Warranty and Disclaimer , Limitation of Remedies and Damages . YOU ACKNOWLEDGE THAT THE 


SOFTWARE MAY NOT SATISFY ALL YOUR REQUIREMENTS OR BE FREE FROM DEFECTS. EMS SEO WARRANTS THE 
DISKETTES ON WHICH THE SOFTWARE IS RECORDED TO BE FREE FROM DEFECTS IN MATERIALS AND WORKMANSHIP 
UNDER NORMAL USE FOR 30 DAYS FROM PURCHASE, BUT THE SOFTWARE AND ACCOMPANYING WRITTEN MATERIALS 


ARE LICENSED “AS IS”. ALL IMPLIED WARRANTIES AND CONDITIONS (INCLUDING ANY IMPLIED WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE) ARE DISCLAIMED AS TO THE SOFTWARE AND 


ACCOMPANYING WRITTEN MATERIALS AND LIMITED TO 30 DAYS AS TO THE DISKETTES. YOUR EXCLUSIVE REMEDY 
FOR 


BREACH OF WARRANTY WILL BE THE REPLACEMENT OF THE DISKETTES OR REFUND OF THE PURCHASE PRICE. IN NO 
EVENT WILL EMS SEO OR ITS DEVELOPERS, DIRECTORS, OFFICERS, EMPLOYEES OR AFFILIATES BE LIABLE TO YOU 


FOR ANY CONSEQUENTIAL, INCIDENTAL, OR INDIRECT DAMAGES (INCLUDING DAMAGES FOR LOSS OF BUSINESS 
PROFITS, BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, AND THE LIKE), WHETHER FORESEEABLE OR 


UNFORESEEABLE, ARISING OUT OF THE USE OR INABILITY TO USE THE SOFTWARE OR ACCOMPANYING WRITTEN 
MATERIALS, REGARDLESS OF THE BASIS OF THE CLAIM AND EVEN IF EMS SEO OR AN AUTHORIZED EMS SEO 


REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. 
EMS SEO’ liability to you for actual damages for any cause whatsoever, and regardless of the form of the action, will 


be limited to the money paid for the Software that caused the damages. 
BECAUSE  SOME  JURISDICTIONS  DO  NOT  ALLOW  EXCLUSION  OR  LIMITATION  OF  IMPLIED  WARRANTIES  OR 
LIABILITY FOR CONSEQUENTIAL OR INCIDENTAL DAMAGES, THE ABOVE LIMITATIONS MAY NOT APPLY TO YOU. 


6. General .  This License will be construed under the laws of the State of New York, except for that body of law dealing 
with conflicts of law.  If any provision of this License shall be held by a court of competent jurisdiction to be contrary to law, that 


provision will be enforced to the maximum extent permissible, and the remaining provisions of this License remain in full force and 
effect. 







TECHNICAL SUPPORT... 
 


PLEASE ALWAYS USE THE BUTTONS TO NAVIGATE AROUND THE PROGRAM. IF YOU 
USE ANY OTHER METHOD TO WORK AROUND THE BUTTONS, YOU WILL DISRUPT THE 
PAGE SETUP PARAMETERS AND THE CD WILL WORK INCORRECTLY.  Each of the buttons 


will take you to a screen with specific tasks and its own set of buttons for functionality. 
 


If you experience problems with the operation of Turbo Medic CD and/or our associated files, 
please email us at admin@emsseo.com. Make sure that you include your name, phone number, 
the specific issue you are having and when you purchased the software. The messaging system 


is checked several times a day and we will endeavor to respond to your questions within 24 
hours or the next business day. 
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The Bones
Short List
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Types of Bones


1) Long bones – bones of the upper and lower arms 
and legs as well as the metacarpals and 
metatarsals.


2) flat bones – sternum, ribs, scapulae, cranium


3) short bones – carpals and tarsals


4) irregular bones – vertebrae


5) sesamoid bones – patellae
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Skeletal Divisions


1) Axial skeleton – skull, sternum, ribs, and vertebrae 
(including sacrum)


2) Appendicular skeleton – bones of the pectoral and 
pelvic girdles and of the arms, legs, wrists, hands, 
ankles, and feet.
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Figure 7.3 a


Frontal bone


Parietal bone


Occipital 
bone


Temporal bone


Nasal bone


Maxilla 


Mandible 


Zygomatic
bone


Sphenoid 
bone


Frontal (coronal) suture


Squamosal
(temporal) 


suture


Occipital 
(lamdoidal) 


suture


Important: the mastoid process (important site for attachment of 
muscles such as the sternocleidomastoid), the external acoustic 
meatus (opening into the parts of the ear), the articulation of the 
temporal bone and mandible ( the TMJ),  and the zygomatic arch, all 
on the temporal bone.
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Temporal Bone


Mastoid process Styloid process


Zygomatic
process (arch)


External acoustic 
meatus
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Tempero-mandibular Joint


TMJ disorder –
inflammation which causes 


pain, stiffness.


TMJ disorder usually occurs in young people and disappears as the 
bones mature. In older adults it results mostly from teeth grinding and 
clenching and can be corrected with behavior adaptation or oral 
appliances.
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Parietal bones


Occipital bone


Sagittal (longitudinal) 
suture


Lambdoidal suture


Wormian (sutural) bones







8


8


Frontal 
bone


Zygomatic
bone


Maxilla 


Mandible 


Nasal bones


Perpendicular 
plate of ethmoid


Nasal conchae


Note the nasal bones only make up a small portion of the bridge of the 
nose, most of the external nose is cartilage. And most of the nasal 
cavity is composed of parts of the ethmoid bone. 
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Ethmoid Bone


Perpendicular 
plate


Crista galliCribriform
plate


Ethmoid sinuses


The cribriform plate allows the nerves for smell to pass from the 
olfactory receptors in the nasal mucosa to the olfactory bulb of the brain 
which lies directly above.
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Crista
galliCribriform plate


Frontal bone


Occipital bone


Temporal 
bone


Sphenoid bone


Sella turcica


Note the upper part of the ethmoid bone in the floor of the cranial cavity. 
The sella turcica houses the pituitary gland.
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Sella turcica


Sphenoid sinus


Ethmoid bone Nasal bone


Nasal 
cartilage


Vomer bone


Palatine bone
Maxilla 


Medial View of Nasal Cavity


Bones seen here which contribute to the boundaries of the nasal cavity: 
sphenoid bone, ethmoid bone, vomer bone, palatine bone, 
palatine process of the maxilla.
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Lateral Wall of Nasal Cavity


Sella turcica


Sphenoid sinus


Ethmoid bone Nasal bone


Nasal 
conchae


Palatine bone Maxilla 


The nasal conchae increase the surface area for the air to pass across 
the mucosa and be warmed and moistened.
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Sphenoid Bone


Sella turcica – contains the 
pituitary gland


Sometimes called the “bat-shaped bone”
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Paranasal Sinuses


Frontal sinus


Ethmoid air 
cells


Maxillary 
sinus


Sphenoid      
sinus
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Sphenoid sinus Frontal sinus


Ethmoid air 
cells


Maxillary sinus


Sinuses must drain from one to another and into the nasal cavity to 
maintain open passages for equilibration of pressure. When the mucosa 
swells and pressure is unable to equilibrate sinus pain ensues.
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Occipital 
condyles


Foramen 
magnum
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The Atlas (C1)
Articulation of 


occipital condyles


The occipital condyles sit atop the articular surfaces of the atlas 
producing a condylar joint which allows flexion and extension of the 
head.
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The Axis (C2)


Spinous process 
(spine)


Dens (odontoid
process)


The atlas and head rotates around the odontoid process of the axis.
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Cervical vertebrae = C1-C7
Thoracic  =  T1-T12
Lumbar = L1-L5.
Sacrum =       5 fused
Coccyx =        3 to 5 fused
Exaggerated thoracic curvature = kyphosis
Exaggerated lumbar curvature = lordosis
Exaggerated lateral curvature = scoliosis
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20Thoracic Vertebra


Parts to know: body, vertebral foramen, vertebral arch, lamina (part of 
the arch), transverse process, spinous process (spine).
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Many of the vertebral ligaments are elastic to provide flexibility. The 
intervertebral disks are fibrocartilage, but with variations between the 
nucleus pulposus in the center and the annulus fibrosus around the 
outer edge.
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The nucleus pulposus (pulpy center) acts to absorb shock, while the 
annulus fibrosus (fibrous ring) holds the disk in place. Uneven 
pressure placed on the disk from improper lifting, etc. can cause the 
nucleus to rupture through the fibrous ring, called a herniated disk. 
This can put pressure on the nearby nerve roots, causing pain. 
Removal of a portion of the lamina (laminectomy) is sometimes done 
to relieve pressure on the spinal nerves when a disk herniates.
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The Sacrum 
(dorsal view)


Figure 7.18


Location of 
sacroiliac joint


Nerve roots pass through the foramina between the processes of the 5 
vertebrae which have fused to produce the sacrum.
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Note the three bones of the sternum: the manubrium, the body (or 
gladiolus), and the xiphoid process. The xiphoid process usually 
remains cartilaginous. Ten of the twelve pair of ribs attach to cartilages, 
the costal cartilages, which attach to the sternum.
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Sternum Clavicle 


Scapula 


Acromion process


Coracoid process


Humerus


Head of humerus


Greater tubercle


Bicipital groove


Lesser tubercle


Glenoid fossa


The shoulder is movable due to flexible fibrous joints between the 
scapula and clavicle and bony support is minimal. Because of this a 
muscle group called the rotator cuff as well as other muscles are the 
main support for the shoulder.
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Acromion


Infraspinous fossa


Supraspinous fossa


Glenoid fossa


Subscapular
fossa


Spine of 
scapula


Muscles pass through the fossas above and below the scapular spine, 
as well as the fossa on its anterior surface. These muscles are part of 
the rotator cuff.
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Left Shoulder, Ant. View


glenoid fossa


Notice the shallowness of the glenoid fossa. For this reason it requires 
muscular support in the form of the rotator cuff. Also note the dark 
“space” in the radiograph where the soft tissues are located.
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The distal end of the humerus has two important processes: the 
capitulum which articulates with the head of the radius, and the 
trochlea which articulates with the trochlear notch of the ulna. 
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The joint formed by articulation of the radius with the capitulum is a 
pivot joint which allows rotation of the radius to produce supination
and pronation of the hand. The joint between the trochlea and 
trochlear notch is a hinge joint which permits flexion and extension of 
the elbow.
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Note the nomenclature of the metacarpals and phalanges.
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The pelvic bone is properly terms the os coxae or coxal bone (don’t 
confuse it with the coccyx) and is comprised of three separate bones.
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The three coxal bones unite at the acetabulum (acetabular fossa) 
which is the socket for the hip.
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Hip Joint Radiograph


Acetabular fossa


Head of the femur


Ilium


Femur 
Ischium


Pubis 


The hip has much more structural support through the deep socket of 
the acetabulum.
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The distal end of the femur has the condyles, which articulate with the 
condyles of the tibia at the knee joint. Note the patellar surface of the 
tibia which articulates with the patella.
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1. General management for a patient with altered mental status should include all of the
following EXCEPT:
a. administration of Narcan if narcotic overdose is suspected.
b. providing oxygen with a delivery device consistent with respiratory status.
c. routine administration of D50.
d. IV of NS at KVO.


2. A profound sadness or melancholy characterized by diminished interest in daily pleasures,
hypersomnia, feelings of helplessness, inability to concentrate, and agitation is:
a. depression.
b. anxiety.
c. phobia.
d. schizophrenia.


3. Limit each attempt at endotracheal intubation to how many seconds before re-oxygenating
the patient?
a. 20
b. 50
c. 30
d. 40


4. During a respiratory assessment, the absence of breath sounds may indicate:
a. pulmonary embolism.
b. partial airway obstruction.
c. flail chest.
d. pneumothorax.


5. The primary concern of the paramedic is:
a. the integrity of the unit.
b. the emergency patient.
c. following system protocols.
d. the orders of the medical director.


6. A musical, squeaking or whistling sound heard in inspiration and expiration while
auscultating lung fields is called:
a. wheezing.
b. stridor.
c. gurgling.
d. snoring.


7. Insertion of an orogastric tube is contraindicated in the patient with a (n):
a. tracheostomy.
b. skull fracture.
c. nasal fracture.
d. endotracheal intubation.


8. Which of the following can affect oxygen concentrations in the blood?
a. decreased hemoglobin concentration
b. pulmonary edema
c. ventilation/perfusion mismatch
d. all of the above
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9. During the response, one of the paramedic's chief responsibilities is:
a. anticipating risks based on dispatch information.
b. decontaminating the unit.
c. assessing the patient's responsiveness.
d. identifying the mechanism of injury or nature of illness.


10. The policies and procedures of all components of an EMS system that provide a
standardized approach to common patient problems and a consistent level of medical care
are:
a. algorithms.
b. standing orders.
c. presuppositions.
d. protocols.


11. Special considerations must be given to pregnant, pediatric, and geriatric patients with
regard to medication administration because they:
a. have difficulty in understanding "why" medications are given.
b. present difficulties in establishing IV access that may warrant use of alternative routes.
c. present with variations in metabolic function, fluid distribution, and body compositions.
d. none of the above.


12. Because the emergency scene is ever-changing, the paramedic must be:
a. flexible.
b. self-centered.
c. patient.
d. controlling.


13. Most oxygen and carbon dioxide gas exchange takes place in the:
a. alveolar ducts.
b. alveolar sacs.
c. right mainstem bronchus.
d. left mainstem bronchus.


14. The curved laryngoscope blade is designed to fit into the:
a. epiglottis.
b. uvula.
c. vallecula.
d. soft palate.


15. Control of the rate of a person's respirations is:
a. voluntary.
b. involuntary.
c. both voluntary and involuntary.
d. none of the above.


16. The person who is legally responsible for all clinical and patient-care aspects of an EMS
system is the:
a. resource director.
b. ombudsman.
c. medical director.
d. system administrator.
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17. Extrapyramidal symptoms associated with antipsychotic medications include muscle
tremors and parkinsonian-like effects and are treated in the prehospital setting with:
a. benztropine (Cogentin).
b. valproic acid (Depakote).
c. diazepam (Valium).
d. diphenhydramine (Benadryl).


18. A milliliter equals:
a. 1/10 of a liter.
b. 1/10000 of a liter.
c. 1/100 of a liter.
d. 1/1000 of a liter.


19. Loop diuretics act at the loop of Henle by blocking sodium reabsorption and are effective
agents in CHF management. Which of the following is a loop diuretic?
a. chlorothiazide (Diuril)
b. digoxin (Lanoxin)
c. spironolactone (Aldactone)
d. furosemide (Lasix)


20. What should drive the path of the questions asked of a patient after the first question?
a. length of illness
b. mechanism of injury
c. intensity of pain
d. patient's chief complaint


21. Calcium channel blockers such as verapamil and diltiazem will have what cardiovascular
effect?
a. decrease PVR, widen QRS, increase afterload
b. decrease SA and AV node automaticity; decrease conductivity through the AV node
c. prolong the QT interval
d. increase PVR, widen QRS, increase afterload


22. The established policies and procedures of an EMS system that provide a standardized
approach to common patient problems and a consistent level of medical care are known
as:
a. codes.
b. standing orders.
c. ethics.
d. protocols.


23. With which of the following patients should endotracheal intubation not be attempted in the
prehospital setting unless airway failure is imminent?
a. epiglottitis
b. pulmonary embolism
c. croup
d. CHF


24. When the soft palate is touched it can stimulate a patient's:
a. cough reflex.
b. gag reflex.
c. swallowing reflex.
d. vomiting reflex.
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25. One of the proper principles of lifting is to:
a. pull, rather than push when possible.
b. hold your breath during the lift.
c. position the load close to your body.
d. bend over the load from the waist.


26. Which of the following best describes the response to alpha-1 stimulation?
a. arteriole dilation
b. bronchodilation
c. arteriole constriction
d. skeletal muscle contraction


27. Naloxone (Narcan) will be an effective antagonist against all of the following EXCEPT:
a. oxycodone (OxyContin).
b. meperidine (Demerol).
c. codeine.
d. diazepam (Valium).


28. How many cc's of flush should be used after an IV medication bolus?
a. 15 cc
b. 30 cc
c. 20 cc
d. 25 cc


29. A fine, bubbling sound heard on inspiration and associated with fluid in the smaller
bronchioles or in the alveolar sacs is called:
a. snoring.
b. rhonchi.
c. crackles.
d. gurgling.


30. Direct and immediate access to medical consultation for the paramedic and the use of
telemetry are two of the benefits of:
a. on-line medical direction.
b. a tiered response system.
c. the incident command system.
d. off-line medical direction.


31. A drop in blood pressure of greater than 10 torr during inspiration is:
a. pulsus paradoxus.
b. anoxia.
c. Biot's respirations.
d. central neurogenic hyperventilation.


32. Scenario: Your patient is complaining of abdominal cramping and a history of diverticulosis.
Your assessment reveals abdominal distention, warm skin, and normal vitals. Which of the
following should you also inquire about?
a. hematemesis
b. melena
c. dysuria
d. esophageal disease
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33. Scenario: A patient is found unconscious in a local movie theater. He has constricted
pupils, a respiratory rate of 8, a pulse of 42, and a blood pressure of 92/54. You notice
"track marks" on both arms and a syringe and tourniquet on the floor. Management should
consist of:
a. Narcan 1 mg.
b. D50 25 gm.
c. flumazenil 10 mg.
d. thiamine 100 mg.


34. The average volume of gas inhaled or exhaled in one respiratory cycle is the:
a. minute volume.
b. tidal volume.
c. residual volume.
d. total lung capacity.


35. Scenario: A physician orders administration of heparin at 1000 units per hour to a patient.
You have on hand 25,000 units of heparin in 500 cc of normal saline. You will use a
microdrip set to run this IV infusion. What should the infusion rate be?
a. 20 gtts/minute.
b. 18 gtts/minute.
c. 22 gtts/minute.
d. 16 gtts/minute.


36. One of the aims of paramedic continuing education programs is to maintain:
a. enrollment in health insurance programs.
b. morale.
c. review and practice of little-used skills.
d. networking opportunities.


37. When administering medication through an endotracheal tube, the amount of medication
mixed with normal saline should create a solution equal to:
a. 8 ml.
b. 10 ml.
c. 14ml.
d. 12 ml.


38. Performing systematic patient assessments, providing appropriate medical care, and
maintaining accurate and complete documentation offer the paramedic the best protection
from:
a. statutory laws.
b. liability.
c. scope of practice.
d. administrative laws.


39. The reason an uncuffed endotracheal tube is used in most pediatric patients is:
a. the cricoid cartilage forms a suitable cuff.
b. a cuffed tube can cause vomiting and aspiration.
c. a cuffed tube is too big to pass through the vocal cords.
d. the tissue of the pharynx can be damaged by the cuff.


40. A drug with a wax-like base that melts at body temperature, allowing absorption by body
tissue is a:
a. tablet.
b. suspension.
c. suppository.
d. capsule.
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41. The normal respiratory rate for an infant is:
a. 60-80 breaths per minute.
b. 80-100 breaths per minute.
c. 30-60 breaths per minute.
d. 20-40 breaths per minute.


42. Scenario: A 63-year-old female complains of substernal chest pain, shortness of breath,
and nausea. She has a history of unstable angina, chemically-controlled hypertension, and
is a non-insulin-dependent diabetic. Vitals are: pulse 107, B/P 140/90, respirations 28.
Following the application of O2, a cardiac monitor, and initiation of an IV, what should your
next medical intervention be and why?
a. nitroglycerine to reduce afterload
b. morphine to reduce afterload
c. nitroglycerine to reduce preload
d. morphine to reduce preload


43. Signs and symptoms of agitation, insomnia, poor heat tolerance, weight loss, increased
appetite, exophthalmos, and goiter are indications of:
a. Graves' disease.
b. hypothyroidism.
c. Cushing's syndrome.
d. myxedema.


44. One of the keys to defusing a potentially hostile situation is:
a. moving into the personal space of bystanders.
b. effective communication.
c. maintaining a closed stance.
d. assertion of your authority.


45. All of the following are part of the six "rights" of drug administration EXCEPT:
a. right route.
b. right brand.
c. right person.
d. right drug.


46. When swallowing, the structure that occludes the trachea to prevent food from passing into
the trachea is the:
a. uvula.
b. vallecula.
c. epiglottis.
d. carina.


47. Scenario: A patient is complaining of severe abdominal discomfort. She states that she had
a radical hysterectomy 5 years ago. She insists on walking to the ambulance. When she
does, you notice that she has a shuffling gait. She denies any unusual vaginal discharge
but admits that she has had a fever for about 5 days. Management should include:
a. forcing the patient to lie flat to reduce abdominal muscle contractions.
b. evaluating the vagina for discharge.
c. making the patient as comfortable as possible.
d. placing cold packs around her neck and in her armpits and groin.







EMS SEO – Primary Paramedic Exam 1 


__________________________________________________________________________ 
Copyright ©2013 EMS SEO http://emsseo.com 


48. When atelectasis is present, which gas exchange is taking place?
a. carbon dioxide to oxygen
b. no gas exchange is taking place
c. oxygen to carbon dioxide
d. oxygen to nitrogen


49. Progressively deeper, faster breathing alternating gradually with shallow, slower breathing
is called:
a. Kussmaul's respirations.
b. Biot's respirations.
c. Cheyne-Stokes respirations.
d. agonal respirations.


50. When EMS workers encounter cases involving spouse abuse, child neglect, animal bites,
and communicable diseases, the workers must usually:
a. obtain legal counsel.
b. report the cases to local/state authorities.
c. undergo CISD.
d. call for law enforcement support.


51. Which of the following rhythms requires transcutaneous pacing?
a. symptomatic 3rd-degree AV block
b. junctional tachycardia
c. supraventricular tachycardia
d. sinus bradycardia


52. When using the end-tidal carbon dioxide detector as a tool to determine if endotracheal
intubation has been correctly obtained, the absence of carbon dioxide in exhaled air
indicates the endotracheal tube has been:
a. correctly placed.
b. placed in the right mainstem bronchus.
c. placed in the esophagus.
d. placed in the left mainstem bronchus.


53 Which of the following shows the correct order of the gases that comprise atmospheric air 
listed in order from the gas of the highest concentration to the gas of least concentration? 
a. nitrogen, carbon dioxide, oxygen, water
b. water, carbon dioxide, oxygen, nitrogen
c. water, carbon dioxide, oxygen, nitrogen
d. nitrogen, oxygen, water, carbon dioxide


54. A cell's capability to self-depolarize is known as:
a. excitability.
b. conductivity.
c. automaticity.
d. contractility.


55. The mechanical process that moves air into and out of the lungs is:
a. hyperoxygenation.
b. respiration.
c. aspiration.
d. ventilation.
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56. When blood glucose level falls, glucagon is secreted from cells within the pancreas, which
results in:
a. the reduction of insulin secreted into the blood stream.
b. the formation of glycogen to decrease blood glucose levels.
c. the increase of insulin secreted into the blood stream.
d. the breakdown of glycogen to increase blood glucose levels.


57. Dilated superficial veins in the lower extremities are known as:
a. peripheral arterial atherosclerosis.
b. varicose veins.
c. deep venous thrombosis.
d. vasculitis.


58. Signs of ectopic pregnancy include all of the following EXCEPT:
a. vaginal bleeding.
b. severe unilateral abdominal pain.
c. late or missed menstrual period.
d. hypertension.


59. Moderate hypoxia is indicated with a pulse oximeter reading of:
a. 81%-85%
b. 86%-91%
c. 90%-94%
d. 95%-100%


60. The EMS-trained provider who is trained in advanced airway management, IV therapy,
advanced pharmacology, cardiology, trauma management, and assessment skills among
other subjects is the:
a. EMT-Intermediate.
b. EMT-Paramedic.
c. EMT-Basic.
d. nurse practitioner.


61. Scenario: A 54-year-old male is vomiting coffee-ground textured emesis. He is pale,
diaphoretic, and tachycardic. His apartment has a foul stench and there is evidence of prior
vomiting that is deep red. There are several empty bottles of vodka. This patient has most
likely suffered:
a. ruptured esophageal varices.
b. an abdominal aortic aneurysm.
c. a pulmonary embolism.
d. a perirectal abcess.


62. A beta-2 specific agent will cause what physiologic response?
a. bronchodilation
b. constriction of pupils
c. increased heart rate
d. bronchoconstriction


63. The highest level of prehospital care provider is:
a. paramedic.
b. nurse practitioner.
c. physician's assistant.
d. EMT-I.
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64. Distended neck veins, diminishing unilateral breath sounds, and progressively worsening
compliance are indications of:
a. endobronchial intubation.
b. esophageal intubation.
c. hemopneumothorax.
d. tension pneumothorax.


65. Scenario: A physician orders .25 mg/kg of Cardizem for a patient who weighs 176 pounds.
The concentration of Cardizem is 25 mg in 5 ml. How many cc's of Cardizem will you be
giving to this patient?
a. 4 ml
b. 5 ml
c. 3 ml
d. 6 ml


66. Pulse oximetry measures which of the following in peripheral tissues?
a. partial pressure of carbon dioxide
b. hemoglobin oxygen saturation
c. hemoglobin carbon dioxide saturation
d. hemoglobin saturation


67. The most important question a paramedic should ask him- or herself when faced with an
ethical dilemma is:
a. "What legal liability will I face as a result of this action?"
b. "Have I consulted with medical direction?"
c. "What is in the patient's best interest?"
d. "What do system protocols say?"


68. According to the Frank-Starling's Law, nitroglycerine's effects should:
a. decrease preload, increase stroke volume, decrease cardiac output.
b. decrease preload, decrease stroke volume, decrease cardiac output.
c. increase preload, decrease stroke volume, increase cardiac output.
d. decrease preload, decrease stroke volume, increase cardiac output.


69. Which of the following is/are the benefit(s) of taking continuing education programs?
a. expansion of knowledge and skills
b. keeping up with technological advances in EMS
c. having opportunities for practicing skills
d. all of the above.


70. Scenario: A 20-year-old male has just finished jogging 5 miles. He is complaining of a
"funny" feeling in his chest. Physical exam reveals a weak, rapid pulse, normal breath
sounds, and no trauma. Vitals are blood pressure, 112/68; pulse, 184; and respirations, 32.
He denies drug use. ECG findings show a rapid rhythm with no discernable P waves and a
QRS duration of 0.08. Which of the following treatments should be attempted first?
a. adenosine 6 mg
b. cardioversion at 100 joules
c. verapamil 2.5 mg
d. vagal maneuvers
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71. Scenario: A 24-year-old female has been pulled from the water after being submerged for
10 minutes. She is unconscious, unresponsive, apneic, and pulseless. CPR with BVM and
supplemental oxygen is being provided to the patient, but the patient still remains cyanotic.
The MOST likely reason for poor lung diffusion is the:
a. interstitial thickness of the alveoli.
b. perfusion of the alveoli.
c. concentration of oxygen delivered to the alveoli.
d. patency of the alveoli.


72. Late in the dilatation stage of labor, contractions occur _____ minutes apart with a duration
of _____ seconds.
a. 2-3; 60
b. 5; 120
c. 20; 15
d. 10-15; 30


73. Because infants and children have greater vagal tone than adults, you should be prepared
to give what drug to prevent bradycardia?
a. midazolam
b. atropine
c. fentanyl
d. lidocaine


74. Scenario: A 21-year-old male patient is complaining of severe abdominal pain. The
abdomen is tender to palpate, and no masses are felt. He states he ate about 4 hours ago
and woke up with severe abdominal cramping. While being transported to the hospital, he
becomes nauseated and begins to vomit. Which of the following is the IMMEDIATE priority
for treatment?
a. immediate suctioning
b. placing him on oxygen
c. establishing a large-bore IV at wide open
d. monitoring his ECG


75. In a lead II tracing the positive electrode is located on the:
a. left arm.
b. left leg.
c. right leg.
d. right arm.


76. Which cells produce antibodies?
a. T cells
b. W cells
c. B cells
d. A cells


77. Scenario: You encounter a 67-year-old male with a 20 pack/year smoking history. He
appears to be short of breath.  Pt. states the S.O.B. has gotten progressively worse over
the past few months.  This patient is most likely suffering from:
a. emphysema.
b. pneumonia.
c. asthma.
d. bronchitis.
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78. During the scene size-up, one of the paramedic's chief responsibilities is:
a. assessing the patient's responsiveness.
b. anticipating risks based on dispatch information.
c. identifying the mechanism of injury or nature of illness.
d. decontaminating the unit.


79. Scenario: A 62-year-old male fainted while going to the bathroom. His current vitals are
blood pressure, 106/62; pulse 64, and irregular; and respirations, 24. His ECG displays an
irregular rhythm with normal P-R interval and QRS complex. The most likely cause of the
patient's syncopal episode is:
a. excessive vagal tone.
b. AV-node ischemia.
c. fibrotic disease.
d. digitalis toxicity.


80. Causes of increased carbon dioxide production include all of the following EXCEPT:
a. hyperventilation.
b. fever.
c. shivering.
d. muscle exertion.


81. Which of the following presents the most lethal problem for a patient suffering from an
AMI?
a. ventricular fibrillation
b. AV dissociation
c. atrial flutter with rapid ventricular response
d. supraventricular tachycardia


82. Scenario: Your patient is experiencing profuse hives, itching, dyspnea, coughing,
tachycardia, and dizziness after eating seafood 5 minutes ago. You might also expect to
see all of the following signs EXCEPT:
a. laryngeal edema.
b. elevated blood pressure.
c. bronchospasm.
d. cyanosis.


83. A classic change in the ECG complex for a patient suffering from hypothermia is the:
a. U wave.
b. Q wave
c. delta wave.
d. J wave.


84. To which of the following medications does the second phase reaction of an asthma attack
BEST respond?
a. albuterol
b. Ventolin
c. epinephrine 1:1000
d. corticosteroids


85. Anxiety disorders include all of the following EXCEPT:
a. preoccupation with persecution and delusions.
b. recurrent intrusive thoughts, depression, and nightmares from being a victim of rape.
c. a fear of being confined or trapped in an enclosed space.
d. extreme emotional distress prior to taking a test.
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86. Sacral, pedal, and abdominal edema indicate:
a. right atrial failure.
b. left ventricular failure.
c. left atrial failure.
d. right ventricular failure.


87. Which disease condition is prevalent in individuals infected with Hepatitis C?
a. pancreatitis
b. liver cirrhosis
c. cholecystitis
d. duodenal ulcers


88. A state of uneasiness, discomfort, apprehension, and restlessness is:
a. dementia.
b. delirium.
c. anxiety.
d. anger.


89. Proper paddle placement for defibrillation is:
a. right of the upper sternum and left in a midaxillary line over the apex of the heart.
b. left of the lower sternum and directly over the sternum.
c. right of the upper sternum and directly over the sternum.
d. left of the upper sternum and right and inferior to the right breast.


90. Auscultation of carotid bruits indicates the possibility of:
a. an aneurysm.
b. vasculitis.
c. a pulmonary embolism.
d. atherosclerosis.


91. Scenario: A 75-year-old male with a history of colon-rectal cancer is conscious and
experiencing uncontrollable rectal bleeding. Your assessment reveals bright red
hematochezia, abdominal distention, and signs of shock. Your treatment should include:
a. nasotracheal intubation.
b. packing the rectum with sterile gauze.
c. placing him in reverse Trendelenburg to assist with drainage.
d. fluid resuscitation if hemodynamically unstable.


92. Which of the following statements regarding trauma in pregnancy is true?
a. Maternal catecholamine release can cause uterine hypoperfusion and fetal


bradycardia.
b. Rather than two IVs, only one should be established in the obstetrical patient who is in


shock, to prevent the likelihood of causing pulmonary edema.
c. Signs of shock will occur early and consistently.
d. All patients at 10 weeks gestation with a history of blunt abdominal trauma MUST be


evaluated by a physician.


93. The rationale for ECG monitoring is to:
a. determine stroke volume.
b. determine cardiac output.
c. evaluate the heart's electrical system for abnormalities.
d. evaluate the effectiveness of cardiac contractions.
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94. The purpose of the precordial leads is to evaluate the:
a. left atrium and septum.
b. right atrium and septum.
c. right ventricle and septum.
d. left ventricle and septum.


95. Which device, when inserted properly, may advance too far and lodge in the right
mainstem bronchus?
a. esophageal obturator airway
b. endotracheal tube
c. esophageal gastric tracheal airway
d. oropharyngeal airway


96. Scenario: A 70-year-old male patient awakens suddenly at night with blurry vision,
paralysis on the left side of the body, and slurred speech. He has been taking Lipitor and
Aspirin. This patient has most likely suffered:
a. an aneurysm stroke.
b. a hemorrhagic stroke.
c. a thrombotic stroke.
d. an embolic stroke.


97. All of the following factors would predispose a patient to acute pulmonary embolism
EXCEPT:
a. thrombophlebitis.
b. atrial fibrillation.
c. PVCs.
d. recent hip surgery.


98. Scenario: A 16-year-old female is found unconscious in the high school bathroom following
volleyball practice. She has cool, clammy skin and is lethargic, slightly combative, and very
confused. She is most likely experiencing:
a. diabetic ketoacidosis.
b. hypoglycemia.
c. diabetic coma.
d. hyperglycemia.


99. Most of the carbon dioxide in the blood is carried as:
a. corpuscles.
b. hemoglobin.
c. bicarbonate.
d. plasma.


100. Scenario: A patient is unconscious with bradypnea after a possible heroin overdose. Which 
of the following medications and dosages is appropriate? 
a. 5 mg of naloxone
b. 0.2 mg of flumazenil
c. 2 mg of naloxone
d. 1 mg of flumazenil


101. Scenario: You find a patient suffering from polyuria, polyphagia, polydipsia, abdominal 
pain, hot and dry skin, Kussmaul's respirations, and a fruity breath odor. Most likely the 
patient is suffering from: 
a. insulin shock.
b. hypoglycemia.
c. diabetic ketoacidosis.
d. hyperglycemic hyperosmolar nonketotic acidosis.
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102. A high-pitched noise while inhaling during a partial airway obstruction is: 
a. dyspnea.
b. cough.
c. dyphonia.
d. stridor.


103. The Adam's apple is made up of the: 
a. arytenoid cartilage.
b. glottis.
c. pyriform fossae.
d. thyroid cartilage.


104. Overinflating the pilot balloon in an endotracheal tube can cause: 
a. ischemia of the tracheal wall.
b. unequal breath sounds.
c. damage to teeth and gums.
d. return of the gag reflex.


105. Improper use of a stylet with an endotracheal tube may result in: 
a. damage to tissue.
b. return of gag reflex.
c. damage to teeth and gums.
d. aspiration of teeth.


106. Glucagon will affect blood glucose levels by: 
a. inactivating systemic insulin molecules, decreasing glucose uptake, increasing blood


glucose levels. 
b. stimulating glycogenolysis and gluconeogenesis, increasing blood glucose levels.
c. inhibiting glycogenesis, the conversion of proteins and fats to sugar, decreasing blood


glucose levels.
d. stimulating cellular uptake of glucose, decreasing blood glucose levels.


107. What personal protective equipment should be worn if you are attending a childbirth? 
a. gloves, protective eyewear, N-95 respirator
b. gloves and mask
c. gloves, protective eyewear, gown
d. gloves, mask, gown, protective eyewear


108. Scenario: A patient is complaining of abdominal cramping in the lower quadrants and has 
ecchymosis and guarding in the region. Vital signs are blood pressure, 100/70; pulse, 110; 
and respirations, 28. The patient is very restless and has noted some bloody stools in the 
past two days. Management should include: 
a. sedation with diazepam.
b. aggressive IV therapy and use of dopamine.
c. supportive management of signs and symptoms.
d. administration of a laxative.


109. A junctional escape rhythm originates from the: 
a. AV node when the SA node is firing at a slower rate than the AV node.
b. Purkinje system when the AV node is firing at a slower rate than the Purkinje system.
c. bundle of His when the intrinsic fibers are firing too fast.
d. SA node when the AV node is firing at a slower rate than the SA node.
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110. The presynaptic neurotransmitter of the sympathetic nervous system is ______, while 
______ serves as the parasympathetic postsynaptic transmitter. 
a. norepinephrine, acetyl coenzyme A
b. acetylcholine, acetylcholine
c. acetylcholine, norepinephrine
d. acetyl coenzyme A, acetylcholine


111. All of the following are components of the lower airway EXCEPT the: 
a. trachea.
b. bronchi.
c. larynx.
d. alveoli.


112. Management of a patient who is hyperventilating should include: 
a. breathing into a paper bag.
b. instructing the patient to voluntarily reduce the rate and depth of her breathing.
c. withholding oxygen.
d. encouraging the patient to hold her breath.


113. Scenario: A patient is experiencing redness and swelling on the right arm because of 
multiple fire ant bites. Your assessment reveals profuse urticaria, facial edema, and 
tachycardia, and the patient is complaining of a very "itchy" throat. Which of the following 
should management include? 
a. epinephrine 1:1000 3 mg SQ
b. rapid sequence intubation
c. oxygen by nonrebreather
d. atropine 0.5 mg IVP


114. During delivery, infants most commonly present: 
a. head first and face up.
b. head first and facing right.
c. head first and face down.
d. head first and facing left.


115. Which of the following classifications best describes atropine? 
a. parasympathomimetic
b. anticholinergic
c. sympathomimetic
d. neuromuscular blocking agent


116. Scenario: A physician orders 225 mg of acetaminophen to a pediatric patient. The liquid 
acetaminophen is packaged in a concentration of 160 mg in 5 ml of solution. How much 
medication would you administer? 
a. 7.03 ml
b. 9.1 ml
c. 8.2 ml
d. 6.5 ml


117. Which of the following vascular structures has the greatest chance of acute arterial 
occlusion? 
a. ascending aorta
b. external carotid artery
c. popliteal artery
d. subclavian artery
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118. Scenario: Your patient has been in a car accident and is experiencing bulging neck veins, 
difficulty breathing, and a narrowing pulse pressure. The patient is suffering from: 
a. cardiac tamponade.
b. cardiac neoplasm.
c. traumatic asphyxia.
d. pulsus paradoxus.


119. Scenario: You respond to a syncopal episode at a local gym. Upon your arrival, you 
discover a 26-year-old female who was riding a stationary bike and suddenly fainted. She 
is currently conscious, has mild dyspnea, and says she is very tired. She also informs you 
that she is 4 months pregnant. Her current vitals are pulse of 98, blood pressure of 110/60, 
and respirations of 32. Management of this patient should include: 
a. not transporting the patient but assuring her that this is a frequent occurrence during


pregnancy.
b. evaluating the birth canal for prepartum hemorrhage.
c. providing oxygen and transporting her to a hospital.
d. establishing an IV and administering dopamine at 2-20 mcg/kg/min.


120.   A release of the neurotransmitter acetylcholine results in: 
a. negative chronotropic effect.
b. positive inotropic effect.
c. increasing atrioventricular contraction.
d. positive chronotropic effect.


121. The structure that supplies blood to the left ventricle, the interventricular system, and the 
heart's conduction system is the: 
a. left coronary artery.
b. posterior descending artery.
c. right coronary artery.
d. marginal artery.


122. An anatomical difference between adults and children is that in the pediatric patient the: 
a. cricoid cartilage is the widest part of the airway.
b. jaw is smaller and the tongue is relatively larger.
c. dental ridge and teeth are harder.
d. larynx lies more posterior.


123. All of the following drugs can be administered through an endotracheal tube, except: 
a. dextrose.
b. naloxone.
c. epinephrine.
d. lidocaine.


124. Scenario: A patient experiences localized abdominal pain in the midepigastric region after 
eating. The pain tends to subside with milk; however, today she is experiencing nausea 
and is pale and diaphoretic. Vital signs are 112/80, pulse of 110, and a respiratory rate of 
18. The pain has persisted even after drinking milk. The patient admits to smoking and
moderate alcohol consumption. Your course of treatment for her should consist of: 
a. IV of NS with 20 ml/kg fluid bolus.
b. IV sodium bicarbonate.
c. supportive therapy.
d. administration of phenergan.
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125. Which ECG is characterized by a P-R interval greater than 0.20 and a normal QRS 
duration? 
a. 2nd-degree Type I AV block
b. 2nd-degree Type II AV block
c. 1st-degree AV block
d. 3rd-degree AV block


126. Scenario: You are called to the scene of a 28-year-old male who is complaining of 
hoarseness, a scratchy sensation in the back of his throat, and palpitations. The symptoms 
began about 30 minutes ago and have grown steadily worse. The patient took prescribed 
penicillin one hour ago. Management of this patient should include all of the following 
EXCEPT: 
a. IV of NS at KVO rate.
b. supplemental oxygen via nonrebreather.
c. administration of a beta-blocker.
d. 0.3 mg epinephrine 1:1000 SQ.


127. During the normal respiratory cycle, exhalation is considered a (n) _____ process. 
a. volume dependent assisted
b. active
c. passive
d. assisted


128. The carpopedal spasms that occur as a result of hyperventilation syndrome are due to: 
a. relative hypernatremia.
b. relative hypercalcemia.
c. relative hypocalcemia.
d. relative hyponatremia.


129. The respiratory pattern with a progressively increasing tidal volume, declining volume, and 
then a period of apnea is known as: 
a. Cheyne-Stokes breathing.
b. apneustic.
c. Biot's.
d. Kussmaul's.


130. The best mathematical means to understand blood pressure is: 
a. blood pressure = (heart rate ð vascular resistance) - ejection fraction.
b. blood pressure = (stroke volume ð heart rate) ð systemic vascular resistance.
c. blood pressure = (cardiac output ð heart rate) ð systemic vascular resistance.
d. blood pressure = heart rate ð vascular resistance.


131. Scenario: You encounter a patient with pinpoint pupils, shallow and slow respirations, and 
no gag reflex. Your management should consist of: 
a. oral airway and oxygen by nonrebreather, IV of D5W, and thiamine.
b. securing the airway, IV of NS, and pharmacological therapy based on signs,


symptoms, and history.
c. oxygen via nasal cannula, IV of NS, and administration of Narcan.
d. considering RSI, IV of LR, and administration of D50, Narcan, and thiamine.


132. An inverted T wave or depressed S-T segment typically indicates: 
a. a normal response to increased preload.
b. necrotic tissue damage.
c. cardiac ischemia.
d. an old injury.
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133. Scenario: An eight-year-old has excessive urination and dehydration and has been eating 
normally. The child's mother has a history of diabetes. Most likely the child will be 
diagnosed with: 
a. Type II diabetes mellitus.
b. hyperglycemic hyperosmolar nonketotic acidosis.
c. Type I diabetes mellitus.
d. hypoglycemia.


134. Scenario: While managing your patient in ventricular fibrillation, the monitor shows 
asystole. You confirm in two leads. Your next action is to: 
a. cardiovert at 100 joules.
b. administer Epinephrine 1:10,000.
c. begin CPR.
d. defibrillate at 360 joules.


135. The amount of blood ejected by the heart in one cardiac contraction is known as: 
a. cardiac cycle.
b. ejection fraction.
c. cardiac output.
d. stroke volume.


136. As a rule, when a patient has PVCs, treatment should be initiated when: 
a. PACs occur with the PVCs.
b. chest pain is present.
c. P-on-R phenomenon occurs.
d. PVC's occur at least four times per minute.


137. The need to progressively increase the dose of a drug to reproduce the effect originally 
achieved by smaller doses is: 
a. substance abuse.
b. tolerance.
c. habituation.
d. addiction.


138. The proper order for a respiratory assessment is: 
a. palpation, inspection, auscultation.
b. auscultation, inspection, palpation.
c. inspection, auscultation, palpation.
d. palpation, auscultation, inspection.


139. The underlying problem in a patient with left heart failure is: 
a. cor pulmonale.
b. pulmonary hypertension.
c. increased afterload.
d. increased preload.


140. A male will express hemophilia only if he acquires: 
a. intact X and Y chromosomes.
b. a single defective Y chromosome.
c. a single defective X chromosome.
d. an intact X chromosome and defective Y chromosome.
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141. The sudden onset of severely decreased urine production is known as: 
a. oliguria.
b. acute renal failure.
c. osmotic diuresis.
d. anuria.


142. Which heart sound is associated with congestive heart failure? 
a. S2
b. S1
c. S3
d. S4


143. Patients who undergo multiple surgeries and painful procedures even though they are 
feigning their illnesses have: 
a. hypochondriasis.
b. Burton's disease.
c. Munchausen syndrome.
d. fugue state.


144. All of the following patients meet the criteria to be restrained EXCEPT: 
a. a 64-year-old male who is depressed after the death of his wife.
b. a 34-year-old male who is irritable, agitated, and combative after being arrested for


driving under the influence.
c. a 24-year-old female who is threatening suicide with a knife.
d. a 72-year-old female with dementia who strayed from a nursing home and was found


wandering naked in traffic.


145. The most important determinant of the ventilatory rate is: 
a. venous PCO2.


b. arterial PCO2. 


c. venous PO2. 


d. arterial PO2.


146. All of the following statements about the physiological changes during pregnancy are true 
EXCEPT: 
a. Gastrointestinal peristalsis is slowed.
b. Pelvic joints loosen, causing postural changes and low back pain.
c. The urinary bladder is displaced posteriorly and inferiorly.
d. Renal tubular absorption increases.


147. Scenario: A 70-year-old male is complaining of difficulty breathing. You attach him to the 
ECG and notice a rhythm of 42 with corresponding pulse, a P-R interval that varies, QRS 
complex that measures 0.20. The best treatment for this patient is: 
a. atropine.
b. vasopressin.
c. epinephrine.
d. pacing.
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148. The airway structures thought to assist in heating, purifying, and moistening inhaled air are 
the: 
a. nasolacrimal ducts.
b. adenoids.
c. bronchi.
d. sinuses.


149. To practice, paramedics must be approved not only by a state or provincial agency but also 
by: 
a. local authorities.
b. the EMS system's medical director.
c. a federal bureau.
d. a professional organization.


150. The airflow during a maximum exhalation is the: 
a. peak expiratory flow.
b. tidal reserve.
c. tidal volume.
d. functional residual capacity.








 


Mechanism of Injury 
& 


Injury Patterns 
 
 







What Mechanisms were applied 
here? 







Accident vs. Collision 


 Accident 
 An event occurring by chance or 


unintentionally, happening without intent or 
through carelessness 


 Collision 
 The act of colliding, to come together with solid 


impact 


 







Evaluate the MOI 


 
 Who else are you 


looking for? 
 
 


 Mechanism of Injury 
 







Trauma Systems & Mechanism of 
Injury 


 Epidemiology 
 Trauma is the leading cause of death for ages 1-


44 years 
 140,000 unexpected deaths per year 
 Automobile related > 40,000 
 Penetrating trauma to exceed blunt in near 


future 
 Pre-incident, incident, post-incident 







Energy 


 Physical Laws 
 Newton’s first law of motion 


 A body in motion remains in motion / rest until acted on by 
outside force 


 A vehicle traveling 50MPH, occupant traveling at 50MPH 
 Vehicle stops, occupant continues until acted on by outside 


force 


 Conservation of Energy 
 Energy cannot be created or destroyed 
 Can be changed in form 
 Energy must be absorbed resulting in deformity of substance 


 







Energy 
 Kinetic Energy (KE) 


 KE=1/2 the mass of the object multiplied by the velocity of the 
object squared (Mass/2xVsq) 


 Velocity (V) influences KE more than Mass 
 Greater speed means more energy generated 


 Force 
 Force = Mass x Acceleration 
 Force = Mass x Deceleration 
 Mass x Acceleration = Force = Mass x Acceleration 
 Simply put: body tissue needs to absorb the same amount of force 


that was applied in incident 







Energy Law Summary 


 Motion is created by force (energy 
exchange) 


 Force (energy exchange) must stop this 
motion 


 If such energy exchange occurs inside the 
body tissue damage is produced 







Energy Exchange 


 Interaction between two bodies 
 At least one must be in motion 
 Both can be in motion 


 Dependant on number of particles involved 
in the interface of the interaction 
 Density of the interacting bodies 


 







History 


 Thorough history will identify 95% of injuries 
 Incident site 


 Known “Bad Locations” 
 Major factors of tissue injury 


 What forces were applied? 
 Amount of energy exchanged 


 Speed of vehicles 
 Anatomical structures potentially involved 







Don’t get Tunnel Vision 


 The leg looks 
nasty…but is it going 
to kill him right now? 







Keep Assessment Focused 


 This injury does not 
look as bad…but can 
kill him  


 







Trauma Systems 


 Components of a Trauma System: 
 Injury pattern 
 Prehospital care 
 Emergency department care 
 Interfacility transfer 
 Definitive care 
 Trauma critical care 
 Rehabilitation 
 Data collection – trauma registry 







Trauma Centers 


 Levels 
 Trauma I, II, III 


 Qualifications 
 Essential 


 What the patient needs now 


 Desired 
 What the best for the patient will be now 


 Role 
 







Transport Considerations 


 Level of receiving facility 
 Mode of transport 


 Ground transport 
 If appropriate facility can be reached in reasonable 


time 
 To a more accessible LZ for air transport 


 Air transport 
 Indications 
 Contraindications 
 Procedure 







Do you need them? 







Guideline: Entry into 
Trauma System 







Physiological 


 Systolic BP < 90 
 With findings of hypoperfusion 
 Suspected etiology 


 Respiratory Distress 
 Rate < 10 or > 29 


 Altered Mental Status 
 GCS < 13 







Anatomical 
 Flail Chest 
 Two or more long bone fractures 


 Humerus, femur 
 Penetrating injury to head, neck, torso or groin that is 


associated with significant energy transfer 
 Partial or full thickness burns to the face or airway 
 Amputation proximal to the wrist or ankle 
 Paralysis of any limb associated with trauma injury 


 







Mechanism 


 Extrication taking > 20 minutes with heavy 
tools 


 Death of any occupant in the patient’s 
vehicle 


 Ejection of patient from an enclosed vehicle 
 Falls greater than 15 feet 







Co-Morbid Factors 


 Age < 12 or > 60 
 Pregnancy 
 Significant preexisting medical problems 
 Extremes of environment 


 Hot or cold 


 Presence of intoxicants 
 







Index of Suspicion 


 Any patient can be entered into the trauma 
system with significant MOI regardless of 
physical findings 


 Document reason for entry completely 
 







Mechanism of Injury 















Types of Trauma  


 Blunt 
 Tissue not penetrated 
 Cavitation away from site of impact 
 Cavitation in direction of impact 


 Penetrating 
 Tissue penetrated  
 Cavitation at 90° to bullet pathway 


 Tissue inline penetration is crushed 







Blunt Trauma 


 Vehicle collisions 
 Frontal 
 Lateral 
 Rear 
 Rotational 
 Roll over 







Frontal Impact 


 Up and over 
 Body travels up and over steering wheel 


 Down and under 
 Body travels down and under steering wheel 


 







Frontal Impact 







Frontal Impact 







Lateral Impact 


 Vehicle struck on side 
 Vehicle moves into and impacts body 
 Occupant forced away from collision point 
 Lateral injury pattern 


 Chest, pelvis move laterally 
 


 
 















Lateral Impact 







Lateral Impact 







Rear Impacts 


 Vehicle struck in rear 
 Energy imparted by the vehicle 
 Moves all attached parts of the vehicle 
 Occupants in direct contact with vehicle move also 
 Parts of the occupant not in contact remain until pulled 
 The force of the energy exchange depends on the 


differential energy of the two vehicles 
 Secondary impact as vehicle strikes another object 







Rear Impact 







Rotational Impacts 


 Pure rotational, one part of vehicle hits an 
immovable object while the rest continues in 
motion 


 Remainder of vehicle moves around the fixed 
position 


 The motion of the occupant is a combination of 
two motions 
 Frontal & Lateral 
 Rear & Lateral 


 The injuries are combinations of the two motions 







Rotational Impact 







Roll Over  


 Vehicle and occupant roll over 
 Difficult to predict injury pattern / body 


impacts 
 Can include all types of impacts 
 Roll Over vs. “Turn Over” 


 







Roll Over 







Picture it Form the 
Patient’s Point of 


View 



































Consider the Force Involved 







Ejection 


 If the force is such and the occupant is 
unrestrained, eject can result 


 The major injuries occur inside the vehicle 
and on the way out 


 Think of the first part of the collision rather 
than the latter portion 











Motorcycle Collisions 
Frontal 


 Bike stops 
 Occupant continues 


forward 
 Impacts parts of the 


bike 
 Ejected over the bike 
 Injuries 


 C-spine 
 Torso 
 Compound tib/fib 







Motorcycle Collisions 
Angular 


 Collapse of bike onto vehicle 
 Lateral motion of torso into vehicle 
 Injuries 


 C-spine 
 Torso 


 Lateral chest 
 Lateral abdomen 
 Aorta 
 Pedicled organs 


 
 







Motorcycle Protection 


 Head 
 Helmet (not brain bucket) 


 300% increase brain injury without 


 Skin 
 Leathers 
 Very protective during slide on asphalt 


 Ankles & Feet 
 Strong boots 







Pedestrian Vs Vehicle 


 Injury patterns depend on: 
 Height 
 Body surface facing impact 


 Three phases 
 Vehicle pedestrian impact 
 Pedestrian rotates onto hood 
 Pedestrian rolls off hood and contacts ground 







The Real Collisions 







Organ Collisions 


 Two types of injury from blunt trauma result 
from: 
 Compression 
 Change in velocity 


Acceleration 
 Shear 
 Avulsion 


Deceleration 
 Shear  
 Avulsion 


 







Organ Collisions 
Head 


 Organ collisions with different vehicular 
collisions 


Head 
 Compression (fx skull, cerebral contusions) 
 Deceleration  


 Opposite end separation 
 Hemorrhage 
 Brain stem stretch 


 
 







Organ Collisions 
Neck 


 Neck 
Compression 


Vertebral body 
 Compression fx 
 Hyperextension injury 
 Hyperflexion injury 


 Shear 
 Spinal cord 







Organ Collisions 
Thorax 


 Thorax 
 Chest wall 


 Compression (rib fractures, pneumothorax) 
 Shear (fractured thoracic spine) 


 Heart 
 Compression (contusion, rupture) 
 Shear  


 Aorta 
 Compression 
 Shear (very bad things) 







Organ Collisions 
Lung 


 Lung 
 Compression 


 Pneumothorax 
 Rib fracture and penetration 


 Shear 
 







Organ Collisions 
Abdomen 


 Abdominal cavity 
 Diaphragm 
 Abdominal wall 


 Liver 
 Compression (bust type injuries) 
 Shear (ligamentum teres) avulsion 


 Spleen 
 Compression (burst) 
 Shear (avulsion of pedicle) 







Organ Collisions 
Abdomen 


 Gastro intestines 
 Compression (rupture) 
 Shear (avulsion of mesenteric vessels) 


 Gall Bladder 
 Compression (rupture) 
 Shear (avulsion from liver)  







Organ Collisions 
Pelvis 


 Compression 
 Impact on the femur 


 Femoral head driven through acetabulum 
 Fracture of the ileum 
 Sacro-illiac joint fracture 
 Fracture of other bones in the pelvis 







Organ Collisions 
Extremities 


 Compression 
 Clavicle compresses between the humerus and 


the sternum 
 Lateral compression of the humerus 


 
 


 







Restraints 


 Systems designed to absorb the energy 
before the occupant hits something hard and 
limiting the distance the body travels 
 Lap belts 
 Shoulder restraints 
 Air bags 
 Child safety seats 







Restraints 


 They could cause 
injury 
 
 
 


 Injury could be missed 
without proper 
assessment 
 







Triage 







Rapid Triage 


Priority Color Condition Notes 


1 Red Immediate Life 
threatening 


2 Yellow Urgent Can delay up 
to 1 hr 


3 Green Delayed Up to 3 hr 


4 Black Deceased No care 
needed 







Priority 1 – Immediate Transport: 


 Unconscious 
 Disoriented 
 Rapid respirations 
 Weak, irregular pulses 
 Severe uncontrolled bleeding 
 Other signs of shock 







Priority 2: Urgent, can delay up to 
1 hour 


 Conscious 
 Oriented 
 Significant fracture or other significant 


injury 
 No signs of shock 







Priority 3: Can delay up to 3 hour 


 Walking wounded 
 CAOx3 
 Minor injuries 







Priority 4: Deceased, no care 
needed 


 No pulse 
 No respirations 


 Open airway first 


 Obvious mortal wounds 
 Decapitation 
 







Triage 


 Assessment of patients should be < 1 min 
each 


 All unconscious patients are Priority 1 
 “Walking wounded” are usually Priority 3 
 All pulseless patients are Priority 4 







Mentation / LOC Assessment 


A-Alert Able to answer questions 


V-Verbal Responds to verbal stimuli 


P-Pain Responds only to pain 
stimuli. Protect airway 


U-Unconscious Protect airway, consider 
intubation 











Other Injuries 







Falls 


 Factors 
 Height 
 Surface of impact 
 Objects struck during decent 


 Feet first 
 Impact onto calcaneous 
 Continued motion of the torso 


 Ankles, knees, femur, pelvis, spine, torso 







Falls 


 Head first 
 Compression 


 Skull fracture 
 Brain 
 Spine 


 Deceleration 
 Aorta 
 Kidney 
 Other 







Falls 


 Parallel to ground 
 Compression 


 All parts of the impact 







Deceleration 


 Dislocated fracture of 
spine form feet hitting 
ground first 
 


 What other orthopedic 
injuries would be 
expected? 
 







Penetrating Injuries 
 Cavitation 


 Permanent  
 Visible when examine 
 Crushed tissue 


 Temporary 
 Compression wave of 


tissue particles 
 Away from the pathway 


of the bullet 
 Last only a few 


microseconds 
 Tissue damage 


produced by stretch 







Penetrating Injuries 


 Energy exchange 
 Number of particles 


involved 
 Density of tissue 


 Gas 
 Liquid 
 Solid 


 Area of interaction 
 Deformation of bullet 
 Tumble 
 Fragmentation 


   







Density 


 Lung (Hollow) Air  Liver (Water) 
 
 
 
 


 Bone (Solid) 







Penetrating Injuries 


 Available Energy 
 Velocity more 


important than mass 
 Energy used to put 


object in motion must 
be absorbed 
 







Energy Potential 


 Low energy objects 
 Hand driven 
 Minimal cavitation 


 Medium energy 
 Hand guns, low power rifles 
 Small projectile 
 Cavitation 6-10 x the bullet frontal area 


 High energy 
 High velocity rifles 
 Cavitation 20-30 x the bullet frontal area 







Low Energy 







Medium Energy 







High Energy 







Penetrating Injuries 
Anatomy 


 Organs injured 
 Pathway of missile 


 Entrance wound 
 Hole is crushed forward 
 Round or oval shaped 
 Rim, abrasion, burn 


 Exit wound 
 Pushed outward 
 Stellate or slit 


 







Gunshot to Head 


 
 External affects 


 
 
 


 CT of same wound 







Blast 


 The blast effect is broken down into three 
phases 


 Each phase has a different energy pattern 
 







Blast Phase 
Primary 


 Pressure wave of the blast 
 Major effect on gas containing organs 


 Lungs, intestinal tract, rupture of the organ, air 
emboli 


 Heat Wave 
 Burns on unprotected part of body 
 Skin burns 
 Eye burns 







Blast Phase  
Secondary 


 Struck by flying debris 
 Glass 
 Bricks 
 Wood 
 Metal 


 Pathology 
 Compression 
 Lacerations 







Blast Phase  
Tertiary 


 Patient becomes flying object 
 Impact into other objects 
 Similar to falls 







Scenarios 







Scenario 


 Dispatched for a MVA with reported serious 
injuries 


 Upon arrival, 34 y/o male found still entrapped in 
vehicle with extrication in progress 


 Patient is alert and oriented and complains of pain 
to his right leg 


 The right leg is still entrapped in the floor board 







Scenario 
 After extrication of 20 minutes, the patient is freed 
 Examination of the head: 


 Clear 
 Examination of the chest: 


 Large hematoma to center of chest 
 Examination of the abdomen: 


 Clear 
 Examination of the extremities: 


 Angulated open fracture of the right distal tib/fib 
 







Scenario 


 Mentation 
 Alert and oriented 


 Heart Rate 
 120 


 Blood Pressure 
 130/100 bilaterally 


 Respiratory Rate 
 34 states can’t catch breath 


 







Scenario 
 Dispatched to a multi-vehicle accident 
 Upon arrival you find: 


 2 young children ambulatory on scene 
 Both complain of lower back pain 


 1 adult male patient out of vehicle  
 Complains of a headache and back pain 


 1 adult male still in vehicle 
 Disoriented, repetitive questions about passenger 


 1 adult female entrapped by legs in vehicle 
 Semi responsive with severe head injury and 


angulated fracture to right lower leg 
 What is your triage? 







Scenario 


 Additional units arrive 
 Female is eventually freed from vehicle  
 Severe angulated fracture to right lower leg 
 Degloving injury to scalp 
 Is now unresponsive 


 







Scenario 


 Mentation 
 Unresponsive 


 Heart Rate 
 76 regular 


 Blood Pressure 
 124/72 bilaterally 


 Respiratory Rate 
 6 / unassisted 


 
 







Scenario 


 Dispatched to head on collision on high 
speed roadway 


 Notified on arrival of 3 patients 
 Both vehicles with airbags deployed 
 All patients still in vehicles 


 







Scenario 
 1 adult male entrapped in driver seat of vehicle 


 Entrapped by dashboard folded on upper abdomen 
 Very anxious and states he is going to die 


 1 adult female entrapped in driver seat of vehicle 
 Entrapped in vehicle by right foot/ankle by the floorboard 
 Has a laceration to her head with moderate bleeding 
 Is asking repetitive questions 


 1 adult female still in vehicle  
 Does not appear to be entrapped 
 Complains of pain across her chest from the seatbelt 


 What is your triage going to be? 







Scenario 
 Male 1 
 Entrapment requiring heavy 


tools (25min) 
 LOC 


 Anxious CAO 
 Heart Rate 


 110 regular 
 BP 


 100/50 
 pale, diaphoretic 


 Respiratory Rate 
 34 Hyperventilating 


 Female 1 
 Entrapment requiring light tools 


(5min) 
 LOC 


 Repetitive questions but CAO 
 Heart Rate 


 110 regular 
 BP 


 122/70 
 Good color, dry 


 Respiratory Rate 
 22 Non-Labored 


 
 







Scenario 
 Male 1 


 Once extricated multiple trauma to legs 
 Rigid, tender abdomen 


 Female 1 
 Continues with repetitive questions 
 Angulated fracture to both right lower leg and right wrist 


 Female 2 
 Examination of the chest is bruising from belt, no Crepitus or 


paradoxical motion 
 Breath sounds clear bilaterally 
 Wants to get out and walk 


 







END 
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EKG Tracing


Please refer to the EKG tracing below if you are not familiar with the labeling of the EKG waveforms.


Figure 1- EKG Tracing


Step 1


Rate


The first step is to determine the RATE , which can be eyeballed by the following technique. Locate
the QRS (the big spike) complex that is closest to a dark vertical line. Then count either forward or
backwards to the next QRS complex. For each dark vertical line you pass, select the next number off
the mnemonic "300-150-100-75-60-50" to estimate the rate in beats per minute (BPM).


In other words if you pass 2 lines before the next QRS, the heart rate (HR) would be less than 150.
Remember that this is merely an estimate. You should use real measurements to determine the exact
HR (for precise measurement: each large box represents 200msec and small boxes represent 40msec).
As an example of using the mnemonic, in the segment of the EKG below, start at the QRS that lines
up with the vertical line at "0". Now counting back each vertical line to the previous EKG "300-150-
100" we notice the HR to be slightly less than 100 (probably around 90-95).


Figure 2 - Determining the Rate







Step 2


Rhythm


Next we need to determine the RHYTHM  both its source and its regularity. The prime concern is
whether the source of the rhythm is the SA node (sino-atrial) or an ectopic pacemaker. To determine
whether the source of the rhythm is "sinus" or an ectopic rhythm, you need to look at the relationship
of the P-wave, if present, to the QRS-complex. If there is a P wave before each QRS and the P is in
the same direction as the QRS, the rhythm can be said to be sinus. For instance note in the EKG
segment below that there is a P-wave before each QRS (highlighted in blue) and that it is pointing up
as is the QRS segment.


Figure 3 - Determining the Rhythm Source


Also look at the quality and quantity of P-waves before each QRS. There should only be one P-wave
before each QRS. The P-wave should be in only one direction, and not biphasic (except for leads V1
and V2). It should also be closer than 200ms to the QRS. The shape of the P-wave should also be
gently rounded and not peaked.


Step 3


Axis


Next we need to determine the AXIS  of the EKG tracing. To do this we need to understand the basic 6
leads and their geometry. The EKG waveform comes from a measurement of surface voltages
between 2 leads. A wave that is travelling towards the positive (+) lead will inscribe an upwards
deflection of the EKG; conversely a wave traveling away from the positive lead will inscribe a
downward deflection. Waves that are traveling at a 90 degree angle to a particular lead will create no
deflection and is called an isoelectric lead.


As an example in the pictures below, a wave travelling from the head to the feet would be shown as an
upwards deflection in AVF, since it is going towards the AVF+ lead.


The axis is the sum of the vectors, produced by the ekg leads, to produce a single electrical vector.
Remember that a positive signal in Lead-I means that the signal is going right to left; this produces a
vector, which if we take all the leads, we can sum. This summed vector should in general be pointing
the same direction (down-left) for a normal heart; this makes sense if we think of the electrical
conduction system of the heart which sends a signal from the SA node (top right) to the purkinje
fibers (bottom left). Don't worry if you still don't get it, we'll give you a visual example further down
the page.


There are six basic leads discussed below and 6 precordial leads which will be discussed later. The
basic leads consist of leads I, II and III and the augmented leads AVR, AVL and AVF. These are
present on the basic 3-lead monitors and also on the 12-lead EKG machines. They consist of leads on







the left and right shoulders and one on the left side of the abdomen (although conceptually they are on
the wrists and above the ankle; hence their name "limb leads"). A ground lead is placed on the right
ankle.


  
Figure 4 - The Limb and Augmented Leads in relation to the body


You will notice that leads I, II and III form the sides of an equilateral triangle, while AVR, AVL and
AVF bisect the vertices of the triangle. The easiest way to figure out the axis is to draw a normal X-Y
graph and fill in the quadrants that are represented by each lead with a positive deflection.







There are some tricks to save you time, but first think about a normal EKG plot; in a normal EKG
both leads I and AVF will be positive as the signal travels from the SA node (top right of the heart) to
the tip of the ventricles (bottom left of the heart). This is a normal axis, and leads us to the rule of
thumb, if I and AVF are positive the axis is normal. However, just because this is not the case does
not mean that the axis is abnormal! (you need to look at more leads in this case) The normal axis
actually allows the signal to travel up to 30˙ above the X axis and 30˙ to the left of the Y axis. Let's
look at an example below and prove this.


 Figure 4 - Computing the Axis


If the axis is not completely in the bottom left (the patient's left) quadrant (i.e. I and AVF are
positive), it is simply a matter of using additional leads to determine the axis. Looking at the map of
all the leads, we notice that almost 360 degrees of axis are covered. Use the same axis determination
method you used with I and AVF.


Figure 5 - All limb and augmented leads







Step 4


Precordial Leads


Understanding the precordial leads and how they align with the heart is critical to understanding the
EKG. First let's remember how the heart is located in the chest. Note that it sits flat above the
diaphragm on the left side of the chest, and is pointed slightly to the left. This is important in
understanding how the precordial leads correlate to the actual heart anatomy. We see below the
precordial leads in their relationship to the heart and chest anatomy.


Figure 6 - The Precordial Leads


V1-V2 are over the right ventricle, while V4-V6 primarily are over the left ventricle. V3 is a
transitional lead, and is approximately over the intraventricular septum, so it covers some of both
ventricles. Remember that the bulk of the left ventricle is posterior, so feel free to create a V7 and V8
to get more information of the left ventricle.


Step 5


Hypertrophy


Hypertrophy is the increase in size of the myocytes in the myocardium, leading to thicker walls. It can
be non-pathological, as in the case of people who frequently perform isometric exercise (lifting heavy
weights, with the straining and Valsalva maneuver, produces an increased afterload).


Extending this thought, we can see how hypertrophy can occur in the pathological sense by thinking
about increased afterload on the heart as in individuals with high blood pressure which causes a left
sided afterload increase. Left Sided afterload increases, such as systemic hypertension or aortic
stenosis will cause the left ventricle (LV) to expand in response giving Left Ventricular Hypertrophy
(LVH).







The right side of the heart can also experience afterload. Increased pressure in the pulmonary vessels
will cause an increase in afterload (back-pressure) to the right ventricle (RV), leading to an increase in
muscle mass of the RV to compensate, leading to Right Ventricular Hypertrophy (RVH).


As the ventricles, the atria can also become hypertrophic (dilated), which is visualized as changes to
the P-wave. The P-wave can become biphasic in bilateral  atrial hypertrophy. The best place to look
for Atrial Hypertrophy is in V1, which is mostly over the right atrium, but being the highest placed
lead in the chest also gives left sided information as well). Below we see examples of Right and Left
Atrial Hypertrophy showing as biphasic P-waves.


Figure 7 - Biphasic P-Waves


Next we need to examining the ventricles for evidence of hypertrophy there. Since increased muscle
mass, logically yields to an increase in the signal (more channels - more current) we would expect to
see changes in the QRS complex morphology.


For Right Ventricular Hypertrophy we look at V1 (and less so in V2 and V3) and notice that there is a
large R-wave (the normal V1 has a small R with a large S)


    
Figure 8 - RVH


This increased R height, will taper down, in V2 and V3. Remember that just because you find RVH
doesn't mean that the left ventricle is also not hypertrophied, in which case you may not see the
normal taper.


In Left Ventricular Hypertrophy (LVH), you will have a large S wave in V1 and a large R wave in V5.
The actual criteria, are to add the height of S in V1 and the height of R in V5 (in mm) and if the sum
is greater than 35mm, then LVH is probable. For instance in the picture below, we measure the
heights (23mm in V1 and 17mm in V5) which total greater than 35mm, so we meet a criterion for
LVH.







Figure 9 - LVH


Step 6


Blocks


A block is an interruption of the normal flow of an electrical impulse traveling down from the SA
node to the ventricles. The blocks can occur in the SA and AV nodes as well as in the bundles.


SA Node Block consists of a failure of the SA node to transmit an impulse, and is usually seen as a
complete pause of 1 beat (i.e. a "skipped beat"); if the pause lasts longer or the morphology of the P
wave before and after the pause is different, it probably isn't SA block. This block can occur
occasionally in normal patients, and should not necessarily be viewed as pathological. Here is an
example of SA node block:


Figure 10 - AV-Block


AV Node Block is a block which delays the electrical impulse as it travels between the atria and the
ventricles in the AV node. Since the P-wave represents the activity of the SA node, and the QRS


complex represents the activity of the ventricles, it makes sense that the P-R interval represents the
delay through the AV node. The criteria for 1˙ AV node block is a PR interval greater than .2 seconds


(200ms or 1 large box). Below we see an example of 1˙ AV node block.


Figure 11 - 1˙ AV Block - PR Interval 200ms


2˙ AV Block is where there are more than 1 P-wave preceding each QRS complex. The P-waves are
spaced in a regular rhythm, but there is no following ventricular response. We see this below where
there is a 2:1 ratio of P-waves to each QRS. Note that other ratios do occur (3:1, 4:1, etc...)


2˙ AV Block with a 2:1 P-wave ratio


3˙ Block is a complete block of signals from the atria to the ventricles. As such we would expect
complete dissociation between the timing of the P-waves and the QRS complexes. The P-waves will







be in a normal sinus rate, while the QRS's will be either in a nodal rhythm (60bpm) or a ventricular
rhythm (30-40bpm).


However, the key is the lack of synchronization between the two. The lack of synchronization is what
determines whether you are in a 2˙ AV block with a greater than 1:1 ratio or 3˙ block. It is important
to examine the morphology of the QRS complex; if it is a narrow complex, then the origin is likely to
be nodal, while a wide complex is likely to be ventricular, although one should also take the rate into
account. Below we see an example of 3˙ Block with a narrow QRS; note the dissociation between the
P-wave rate and the QRS rate.


Figure 12 - 3˙ Block


Bundle Branch Blocks (BB) are blocks within the ventricular bundles, and normally consist of a left
or right bundle branch block. You will often hear these erroneously referred to simply as a left or right
"bundle", the "block" being superfluous. The blocks can be of the entire ventricular bundle or a fasicle
of a given bundle. Here, we are simply going to introduce basic bundle blocks.


The key to recognizing a bundle block is to find a R-R'  wave; the 2 R waves per complex are really 2
superimposed QRS complexes from each of the ventricles firing separately but very close in time to
each other. The criteria consist of a QRS wider than .12 seconds (3mm) and the 2 R waves. In a left
bundle block, the left ventricular firing is delayed, while in right bundle block, the right ventricular
firing is late.


Below we see examples of Right and Left Bundle Branch Blocks. Note the R-R' complex repeating as
well as the QRRS complex being wider than 3mm (.12sec). In the Right BBB, the R wave represents
the Left Ventricular depolarization, while the R' wave represents the delayed right ventricular
response. In the Left BBB, the R wave is the right ventricle and the R' is the left ventricle.


Figure 13 - Right Bundle Branch Block (Lead V1)


Figure 14 - Left Bundle Branch Block (lead V5)


Remember to consider what precordial lead the block is presenting in; if the block morphology
presents best in V1-V2, then it is a Right BBB, while a Left BBB pattern is best appreciated in leads
V5-V6. Note: the axis will be hard, if not impossible, to accurately determine, as the ventricles are
firing asynchronously with each other, altering the normal interventricular phasing.







Step 7


Ischemia, Infarct and Injury


Cardiac Ischemia and infarctions are the most important acute EKG patterns to detect. We will deal
with the life threatening arrhythmias, such as Asystole, V-Fib and V-Tach in the next section as they
are radically different from normal EKG's, and should be handled separately.


When a patient presents to the ER with chest pain, it is important first to immediately perform a
complete EKG analysis with the preceding steps, unless a life-threatening rhythm is detected, along
with the physical examination and clinical assessment of the patient.


Ischemia is when blood flow to the myocardium is insufficient to maintain the metabolic demand of
the myocytes. Ischemia can present with symptoms ranging from mild chest discomfort on exertion to
the most severe form of ischemia, which results in the crushing chest pain of a infarction; Ischemia
may also be silent.


Figure 15 - The Range of Perfusion of the Myocardium


Surprisingly, the QRS is not the most affected part of the EKG waveform in ventricular ischemia. The
ST segment is most often affected in ischemic conditions. We will examine the 2 types of ST-segment
changes: elevation and depression. These usually represent transmural ischemia and subendocardial
ischemia respectively.


Transmural Ischemia


The hallmark of acute transmural ischemia (across the heart wall from endocardium to epicardium) is
the elevation of the ST segment of the EKG. This is visualized by the ST-segment being raised above
the isoelectric baseline. This is due to a higher (more positive) resting voltage of ischemic cells, which
cause the ST-segment baseline to be more positive (an upwards deflection). This change in the ST
segment is mostly localized in the lead most directly overlying the ischemic myocardial area. The
etiology of transmural ischemia is the blood supply failing to feed the myocardium. This may lead to
unstable angina, and should be taken very seriously, as this is the condition that progresses to an
acute MI. As the ischemia becomes more extensive the ST segment elevation becomes more
pronounced.


The lead in which the ST elevation appears, allows you to accurately locate the ischemic or infarcted
area of ventricular myocardium. If the elevation appears in inferior leads, this indicates an inferior
ischemic/infarcted myocardium; the lateral leads, likewise indicate lateral wall ischemia/infarction.


Figure 16 - ST-Segment Elevation







It is important to differentiate pathologic ST segment elevation from non-pathologic J-point
elevation. J-point elevation is identified by an elevation of the terminal portion of the QRS which then
dips back down towards the baseline before rising back up to the ST segment. This is opposed to the
pathological ST-elevation which is visualized as the terminal portion of the QRS going directly up to
the T-wave.


Figure 17 - J-Point Elevation


After the ischemia has progressed to an infarct, and the tissue has scarred, the EKG will show an
inverted T wave. A pronounced Q-wave (not normally present) and loss of all or part of the R wave
may also present.


Figure 18 - Q-waves with Inverted T-Waves


Sub-Endocardial Ischemia


Let's look at the progression of ischemia in the subendocardium. Relative decreased flow in the
subendocardial regions is a normal consequence of the squeezing of the myocardium, which
compresses the blood supply to the endocardium during ventricular systole. However, this can also be
a pathological condition, expressed in stable-angina. This is a condition where the myocardial
demands exceed the coronary artery blood supply (unlike unstable angina which is a supply problem).


This is represented on the EKG as ST-segment depression. With ischemia of the subendocardium the
ischemic cells become more positive in their resting voltage (due to channel leakage) and this makes
the subendocardium more positive; since the endocardium is further away from the precordial leads
than the more negative mycardium we see this as a depression (see figure below).Unlike elevation, the
ST-segment depression is not localizable to a specific lead, but is seen in the leads with the tallest R
waves, which are the inferior leads (II, III and AVF and leads V4-V6). Typically, stable angina will
self-resolve, however, like elevation, the depression is increased as the myocardial demand increases.
Below we see an example of ST-segment depression.


 
Figure 19 - ST-Segment Depression in subendocardial ischemia







Step 8


Miscellaneous


This section will deal with the miscellaneous rhythms that can present often as life threatening
arrhythmias, however they don't fall into the simple categories outlined in the previous pages.


Ventricular Fibrillation


Ventricular Fibrillation (often called V-Fib ) is the most life threatening arrhythmia, and is often the end
rhythm before the asystole of death. The physiology of this rhythm, is a complete breakdown in the
synchronization of the myocardial conduction system; different areas/cells/segments of the heart, are
contracting and relaxing with no coordination with other parts. This random quivering results in a loss of
cardiac output, resulting rapidly in death if untreated.


The EKG pattern of V-Fib is recognized by a total lack of organized activity, ranging from course (large
amplitude) to fine (close to asystole) in amplitude. The only "cure" for V-fib is electrical cardioversion
(defibrillation). However, before cardioverting a patient, remember to assure yourself, that this is actual
cardiac activity, and not an artifact of patient movement (such as a seizure, shivering or Parkinson's
disease), electrical interference or other artifacts. Below are examples of course and fine V-Fib.


  
Figure 20 - Course and Fine Ventricular Fibrillation


Tachycardia


Like any other heart rhythm the origin of the signal can be either atrial or ventricular. The source of a
tachycardia, if ventricular, is always pathologic, while non-ventricular tachycardias can be thought of as
"sinus" and supraventricular (SVT) rhythms, and may or may not be pathologic. Pathologic tachycardias
can arise from multiple causes, such as an ectopic pacemaker cell which we call abnormal automaticity,
from reentry around a non-conductive block and by "triggering" by an external source.







The most common cause of pathologic tachycardias and arrhythmias results from reentry. This is due to a
signal splitting around a defect and one side of that split being conducted significantly slower than the
other (see below). If the slow signal meet s the fast side ready to be depolarized it can cause both normal
and retrograde depolarization. This can cause tachyarrhythmias due to the uncontrolled reentry.


Figure 21 - Origin of reentrant arrhythmias


Sinus Tachycardia


This rhythm originates in the non-pathologic state from an increase in demand for cardiac output, which is
successfully met by the heart and whose rhythm originates in the SA node. This is usually a remedy to a
systemic process such as by hypovolemia, hypotension, hypoxia, nervousness, medications and exercise.
Remember that if the rate is high enough, the P-wave can be obscured in the ST-segment, but is still
present; this is an artifact of the EKG machine, and if you set the scanning rate higher, you can reduce this
problem.


Supraventricular Tachycardias


Paroxysmal Atrial Tachycardia (PAT)


This arrhythmia is seen with reentry in the atria. There is a circular conductive pathway in the atria,
causing reentry to give a rapid tachycardia. There is a single ectopic pacemaker , which can even be the
AV node itself. One feature often seen with this tachycardia will be inverted P-waves, due to the source
being lower down in the atria. A diagnostic procedure that can be performed to separate this from sinus
tachycardia is to do vagal maneuvers, and if the rhythm slows and then resumes after cessation of the
maneuvers, sinus rhythm is present. If the rhythm terminates abruptly or there's no change, then it's PAT.


 
Figure 22: Paroxysmal Atrial Tachycardia







Multifocal Atrial Tachycardia (MAT)


This arrhythmia is seen with an ectopic pacemaker somewhere in the atria. The abnormal pacemaker cell,
has stopped responding to the overdrive pacing from the sinus node. This causes there to be 2 or more
asynchronous pacemakers for the heart. The hallmark of this form of SVT is the 2 or more P-wave
morphologies you see; one P-wave from each pacemaker. Surprisingly this rhythm can often be broken by
exercise or sinus-tachycardia; the reason for this, is that although the end result of  MAT is tachycardia,
each of the pacemakers is not tachycardia, it is the sum of their rates that produces the tachycardia. In
exercise or other excitatory states, the sinus node will overdrive pace the ectopic cells.


Figure 23 - Multifocal Atrial Tachycardia
Red=sinus node, Blue=ectopic


Ventricular Tachycardia
When the rhythm originates in the ventricles, the intrinsic rate or automaticity is below 60 bpm. This can
be seen in idioventricular rhythms when the SA or AV node are not the functioning pacemaker of the
heart. However, when there is ischemic, infarcted or necrotic conductive tissue around the bundles, there
can be a reentry of the downward propagating depolarization, that causes the signal to repeat itself. This
causes the very fast rate, as seen in Ventricular Tachycardia  (often called V-tach) ; this can be a life
threatening condition. The hallmark of ventricular rhythms is the wide QRS complex. Below we see an
example of V-Tach, with a ventricular rate of 150bpm.


Figure 24 - Ventricular Tachycardia


Digitalis Toxicity


Digitalis is a very old cardiac drug derived from the Foxglove plant, used in slowing conduction through
the AV node, usually in controlling the ventricular rate of atrial fibrillation. It is usually given in cases of
atrial fibrillation . Overdoses of digitalis (either in the form of Digoxin or Digitoxin ) can have effects
ranging from mild 1 ˙ AV block to junctional rhythms through fatal arrhythmias. The primary mechanism
of action of digitalis is to suppress the Na-K-ATPase pump; this causes the membrane potential to be
more positive, allowing for easier reaching of threshold, leading to action potentials. This creates a
situation where it is easy to get spontaneous action potentials, leading to arrhythmias.


The most noticeable change to the EKG is the "swooping" ST-segment depression. You also may see
extended PR intervals or 1˙ block, although this alone is indistinguishable from primary 1˙ AV Block.
This will also be exacerbated by hyponatremia or hyperkalemia due to the failure of the ATPase pump to
reestablish a membrane potential. Below we see an example of the swooping ST-segment.







Figure 25 - Digitalis Toxicity


Hyperkalemia


Potassium (K) is one of the 2 ions that make up the bulk of the ion-based membrane potential of cardiac
cells (both myocytes and conduction cells). An imbalance of potassium can create a life threatening
situation which must be corrected immediately. The most prominent feature of an EKG of a hyperkalemic
patient is the peaked-T wave. The other feature of the hyperkalemic EKG is a stretching of entire
waveform.


Figure 26 - Peaked-T Waves consistent with Hyperkalemia







 


Reading 12- Lead EKGs       
 
 
 
 
 
1- What is an EKG? 
2- What is a 12-lead EKG? 
3- When you do an EKG, what are you looking for? 
4- What do EKG lead groups have to do with cardiac anatomy? 


4-1: Inferior 
4-2: Lateral 
4-3: Anterior 
4-4: Septal 


5- What is the difference between coronary ischemia and a myocardial infarction? 
  5-1: A brief rant. 
6- What does ischemia look like on a 12-lead? 
      6-1- What do I do if my patient is having ischemia? What is “flashing”? 
7- What are the stages of an MI, and what to they look like on a 12-lead EKG? 


7-1- Acute Injury: ST elevations. 
7-2- Necrosis: Q-waves. 
7-3- Resolution: persistent Q-waves or flipped T’s. 
7-4- What do I do if my patient is having an MI? 


8- What is reciprocity? 
  8-1- What is a right-ventricular MI, and why is it going in the section on reciprocity?  
  8-2- How are RVMIs managed? 
9- Going through the evolving EKGs of an MI. 


9-1- Stage 1- the acute infarct. 
9-2- Stage 2-  necrosis. 
9-3- Stage 3 - resolution 


10-  Another one. 
11- What are intervals all about?  
  11-1- PR interval 
  11-2- QRS interval 
  11-3- QT interval 
12- What does a 12-lead EKG look like if a patient’s potassium is too high? Too low? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


1- What is an EKG? 
 
Everybody remember that the heart works electrically? SA node, AV node, all that? The signal 
traveling along its normal pathway goes from roughly northwest to roughly south, uh…southeast? 
 
This diagram shows the electrode placement for lead II,  the “reference lead”, which follows the 
normal conduction pathway – unlike the other leads, which look at conduction from all sorts of 
other directions. 
 
Northwest: negative electrode goes here 
       (the ground electrode goes here…) 


  
   


   
    


  
  


 
 
 
 
 
 
 
 
 
 
 
 
 
    Southeast: Positive electrode here 


www.arrhythmia.org/ general/whatis/     
 
 
As the impulse goes along in lead II, it makes  - or it ought to make – the normal conduction 
complex that we all learned, like so: 
 


 
And everybody remembers what the different parts of the 
complex are: the PR interval represents the signal going through 
the atria, so it makes a small-sized wave? And the QRS 
represents the signal going through the what? So it makes a 
what-sized wave? And the T-wave represents the re-setting of 
what?  
 
Right - no problems so far. 
 
 
 
 


 
 
However, when bad things happen, things start to look a little different. 
 
 
 
 







 


It might look like this: 
 
(What is this? What’s  
it called, I mean?) 
 
 
  
Or this: 
 
(This?) 
 
 
 
Or this: 
 
(Doesn’t look  
right, does it?) 
 
 
 
 
 
First we need to look a little more at what a 12-lead EKG really does. 
 
  
 
 
 
2- What is a 12-lead EKG? 
 


 
 
 
“Willem Einthoven! Are you sure there isn’t going to be any 
lightning tonight?” 
 
 
 
 
 
 
 
 
 
 


 
 
 
http://home.t-online.de/home/Dr.Ursin.Bernd/Einthoven1.jpg      
           
 
 
      
   
 
 







 


 
 
 
 
Even though the electical signal travels 
through the heart in only one direction, it can 
be looked at from any other direction that 
you want: upwards, from the feet. 
Downwards, from the head. Side to side, 
front to back - that’s what this diagram is 
telling us: it’s a matter of moving the monitor 
wires around, and looking from different 
vantage points. 
 
 
 


http://www.medspain.com/curso_ekg/ekg5c.jpg 
 
 
 
3-  When you do an EKG, what are you looking for? 
 


 
- Rhythm: you’re trying to figure out what rhythm the 
patient is in.  Rhythms and arrhythmias have their own 
FAQ, so take a look over there for more on this subject. 
 
- MI: you’re looking for changes in the normal complex -
like this one on the left -  that indicate one phase or 
another of an MI. ST elevations?  Q-waves? This is where 
you look. 
 
- Ischemia: you’re looking for changes in the normal 
complex that indicate the presence, or resolution of  
ischemia: ST depressions, or flipped T-waves… 


 
- Intervals: you’re trying to figure out if the intervals are normal. Too long, too short? We’ll get 
into some of it. 
 
- Changes associated with electrolyte problems: There are also a couple of waveform 
changes associated with electrolyte disturbances that you should get a look at – we’ll take a look 
at a couple of them as well… 
 
http://www.clevelandclinicmeded.com/medical_info/pharmacy/novdec2002/Normal-EKG.gif 
 
 
 
4- What do EKG lead groups have to do with cardiac anatomy? 
 
Twelve lead directions apparently cover the whole heart pretty well. The important part for us as 
is to understand that there are only a few  “territories” of the heart: inferior, lateral, anterior, and 
so on, and that each of them is reflected in a group of the twelve leads. 
 
“Localizing” bad things on the EKG means using the 12-lead to figure out where in the heart the 
problem is taking place. To do this, you have to do a little – but really not a whole lot – of 
memorization:  
 







 


- you need to learn which groups of EKG leads reflect which parts of the heart. 
 


- you need to learn what the stages of an MI look like on an EKG. 
 


- you need to learn what ischemia looks like on an EKG. 
 
All of this really adds up to less than your average Spanish quiz.  Um…unless you were taking 
French… 
 
 
The twelve-lead EKG looks at the heart from, uh, twelve! different directions, at the same time. 
Some areas (also called “territories”) of the heart that you might hear about in report, or in patient 
histories:  
 


- anterior 
- lateral, (or sometimes both of those, as in antero-lateral),  
- inferior, and maybe we’ll look at the infero-posterior territory, but I think I’m going to 
leave it out on purpose, as interpreting it gets very confusing to beginners. Remember 
however to check up on it later.  
- septal 
 


 
Each of the big areas is perfused by its own respective artery – there are only three main ones: 
 


 
http://www.clevelandclinic.org/heartcenter/pub/guide/disease/cad/cad_arteries.htm 
 
 
- The right coronary artery (RCA) perfuses, uh…the right side of the heart! See how the right 
side is actually on the bottom of the heart? Inferior territory: right ventricle. 
 
 
The left side is twice as hard: two arteries! The big vessel there, the “left main”, divides into two: 
 
- the left anterior descending (LAD):anterior LV territory. 
 
- the circumflex (LCX): lateral LV territory. 
 
 
 
 







 


 
 
 
Here’s the same system of arteries, except 
schematic this time.  
 
If you look at this for a minute, it starts to 
sort itself out: there are really only three 
main arteries in the system: RCA, LAD and 
LCX.  
 
You need to see how the left main divides, 
where it says “Main LCA”:  a plug there will 
produce ischemia or infarct in two places 
downstream. See that? Both the LAD and 
the LCX are threatened – at the same time 
- by a problem in the left main artery. 
Antero-lateral. Bad. 
 
The same kind of thing can happen on the 
right side: a single occlusion can threaten 
the inferior territory (RCA), and the 
posterior one (PDA, or just PD in this 
diagram: “Posterior descending artery”, 
which perfuses the back of the heart. 
Infero-posterior. Also bad. 
 


http://soback.kornet21.net/~heartist/coronary/cag-ori.gif 
 
 
There are obviously more arteries, and they’re important too, but these three (or four) are the 
main ones. Knowing how they show up on a 12-lead will cover about 98% of the crucial territories 
that you’ll have to worry about at 4am when your patient is having chest pain 
  
The key concept: as each artery perfuses a specific part of the heart, so each part of the 
heart has a group of leads on the EKG that reflects its activity.  
 
The different groups of EKG leads only reflect what’s happening in their own part of the heart  
 
 
 
 
4-1: Inferior Territory/ Right Coronary Artery: Leads II, III, AVF   
 
The heart lies sort of on its side in the chest, with the RV downwards, inferiorly. This territory is 
perfused by the right coronary artery. It’s worth mentioning that the inferior part of the heart is 
innervated partly by the same structures that innervate the stomach – the wall of the one organ 
lying near the other – and I understand that this is why people with inferior ischemia or infarct 
often have nausea or vomiting, or sometimes hiccups in place of anginal pain. (They call that an 
“anginal equivalent” – instead of having chest pain, they do something else.) An infarct here is an 
inferior MI:  an “IMI”. Likewise, we say that a person with ischemia in the RCA is having “inferior 
ischemia”, which does not mean that it’s less important than any other kind! 
 
Try to invent some useful memory device to help you remember the lead groups until they 
become more familiar. Remember “On Old Olympic Towering Tops…”, and all that? I understand 
that the really useful ones are usually dirty – anybody heard what the angry ER doc said to the 
abusive patient:  “AMF, YOYO!”?  Hey – I’m not telling what it means - but I understand that 
surgeons usually know that one…   
 
 
 
 







 


4-2: Anterior Territory/ Left Anterior Descending:  V2, V3, V4  
 
The next time you do a 12-lead, look at where you’re putting the sticky precordial chest 
electrodes – they look at the front: the anterior part of the heart,  really the septal and anterior 
parts of the left ventricle, which are (mostly) perfused by the left anterior descending artery.  
 
 
See how  it makes sense that V1 and V2  
would be right over the cardiac septum? 
 
  An     And, this being the left side (says so, right there!),   
 


   Anterior LV (LAD): V2 (a little septal overlap, 
there,) V3, V4.   


 
 
 
 
 


And here, all the way around  (or you could 
say it in latin: “circumflex” – ha!  Get it?) is the 
lateral LV territory, V5 and V6, (along with 
leads I and AVL.)  


  
 


http://www.biopac.com/AppNotes/app172multiecg/chest.gif  
 
 
Any EKG changes representing ischemia or MI should make you worry, but as they show up in 
different territories, they should make you worry about different things: these left-sided arteries 
supply the Big Pump, the LV – think about what interrupting it’s blood supply might do. Brrr!  
Infarcting LAD territory produces an anterior MI.  
 
 
4-3: Lateral Territory:  I, AVL, V5, V6  
 
Look at where you stick V5 and V6 – all the way around the left side of the chest. Along with I and 
AVL, they reflect the lateral part of the left ventricle - also Big Pump territory. This part of the heart 
is perfused by the circumflex artery.  So an infarct here produces what kind of MI? 
 
If you were still awake several paragraphs up, you’ll recall that the left main artery divides into 
the LAD and the LCX, which between them perfuse most of the left ventricle. So if your patient 
infarcted there…the widowmaker. See that? Take another look at that diagram of the arteries – 
see how the left main supplies the two Big Pump arteries? 
 
So: a left main artery occlusion will threaten both areas of the LV at the same time, and will 
produce an antero-lateral MI, with characteristic EKG changes in V2-4, as well as I,L, and/or V5-
6. In a minute we’ll start looking at some 12-leads – one of them is for exactly this situation: both 
territories are being threatened.  
 
Make sense? Any MI is a bad thing, but injury to the Big Pump is a very bad thing, and is 
responsible for cardiogenic shock.  
 
 
 
 
 
 
 







 


4-4: Septal Territory : V1, V2 (V2 overlaps sometimes: both septal and anterior areas) 
 
These leads are right in the center of the chest, and look at the septum between the ventricles. 
As I recall, the septum is perfused partly by the RCA, and partly by the LAD. A septal MI would 
show in V1 and V2.  
 
 
Starts to make sense when you look at it, doesn’t it? Give it time… 
 
 
 
5- What is the difference between coronary ischemia, and a myocardial infarction? 


 
 It’s surprising to me that people get mixed up about this.  
 
 
 There are two - count ‘em - two correct answers to any question: 
 


1- The correct answer. 
2- “I don’t know.” 


 
The second of these answers is equal in value to the first. It reflects honesty, the willingness 
to find out the answer, and the courage to admit ignorance when you feel that everyone else 
around you is so obviously smarter than you are.   
 
 
 
Oh, and something else – don’t let all that “theory” get in the way when you need to know how to 
do CPR. 
 
 Ischemia vs. infarct:    
 
It really is very simple: the difference between a blood vessel that’s still open – even a little – and 
one that isn’t open at all. 
 


  
 
Here’s the lumen (the “tube”) of a coronary artery, which has been 
reduced to about half it’s normal width by the development of a  big ugly 
red plaque thing,  in the lower part of the picture. Usually the plaques 
occur in one spot along the lumen or another, rather than all the way 
along the length of the artery, and so the plaque is called a “lesion” – 
which is said to be more or less “tight”. Tighter being more severe, 
probably producing more symptoms, and more dangerous… 
 
   
        Still open. 
 
 


 
http://www.medscape.com/viewarticle/460224_7    
 
 
The tight lesion reduces the flow of blood to whichever territory happens to be affected. So while 
enough blood might get through when this person was at rest, that might not be true if the patient 
got up and started carrying groceries upstairs from the garage. The heart starts working harder, 
calls for more blood, can’t get it, and responds with pain (and EKG changes.) 
 







 


This is ischemia. (what kind of ischemia is this? Why is this “better” than the other kind, and 
what’s the other kind called?) The lumen of the artery isn’t completely plugged, but there’s a 
mismatch that develops between the demand of the cardiac muscle, and the ability of the artery 
to supply the oxygenated blood that it wants – not enough gets through. 
 
How about this one? 
 


Uh-oh. Looks like there was a little bit of opening left, where the arrow is 
pointing, but it’s gone now. This vessel isn’t just narrowed, it’s plugged. So 
now the muscle tissue beyond it isn’t just getting less blood, it’s getting no 
blood at all, and unless something is done pretty quick, that muscle tissue is 
going to die. This is infarction.  


 
Not open.  
 
http://www.visualsunlimited.com/images/thumbnails/990/99082.jpg 
 
Okay what’s probably plugging up that last little bit of vessel lumen, and what should this patient 
be receiving by way of treatment?  
 
6- What does ischemia look like on a 12-lead? 
 


Remember the normal complex?  Lead II – nice normal complex. 
Here’s the thing: ischemia and the stages of an MI are different 
processes, yes? So –  they produce different kinds of changes in the 
normal complex of an EKG.  The normal complex goes through a 
whole series of evolutions as it’s heart goes through an MI (look 
down a bit to see a quick chart of that.) But in ischemia, what you get 
is usually ST depression, below the isoelectric line: 


 
 Not depressed. 


 
      Way depressed.                                          
                                               
 
                                           Depressed.  
          
 


 
         
 
 
 
 
 
 
Or you could see 
flipped T-waves:    


 
         
 
 
 
 
 
 


 
 







 


 
Here’s a pretty nice 
example of an ischemic 
EKG:  so, what do we see?  
 
ST depressions? Very 
good! Where? 
 
II, yup – what goes with II? 
III, yup, depressions there 
too… and AVF. Nice! So 
this is ischemia, where in 
the heart? Which territory? 
Which artery? 
 
Did I fool you? No? There’s 
ischemia in two other 
territories as well, isn’t 
there? 
 
Ponder this one for a 
second: what do you think 
is meant by “rate-related 
ischemia”? 


 
 
 
    http://www.le.ac.uk/pathology/teach/CA/Cases/ecg_ischaemia.jpg  
 
 
So: even before this patient goes off to the cath lab, which arteries do you think are going to show 
problems? 
 
6-1- What do I do if my patient is having ischemia?  What is “flashing”? 
 
Your patient is short of breath with ischemia? (Which means which vessel/s are being ischemic? 
Producing what EKG changes, in which leads?) This is what is really meant by “flashing” – a point 
which is often confused with other acute shortness-of-breath scenarios. If the left coronary 
arteries (there, I gave it away) suddenly become ischemic, then the blood supply to the papillary 
muscles, and the chordae tendonae – remember them? – may drop off. So the chordae may stop 
working. So what’s the problem? 
 
The problem is that the chordae are what make the valve leaflets work – so if they don’t work, 
then the valve goes flooey, and starts not to valve anymore. (You must not say “flooey” however 
– very low-class. You must say: “incompetent”, which comes from the original Latin, meaning, I 
believe, “flooey”.)  Leaky. “Regurgitant”:  with each systolic contraction, some of the blood is 
pumped backwards instead of forwards. If it happens on the left side, “mitral incompetence”, then 
blood being pumped backwards goes – where? Increasing the pressure in the what? Causing 
what to leak into the alveoli, filling them up? Very quickly? 
 
Just like drowning.  “Ischemic mitral regurgitation.”  Sounds awful, and it is… 
 
 
 
Well – what to do? Your patient is having chest pain, flashing maybe – what do you do? 
 
One way to remember the moves to make is to think: “L,M,N,O,P”:  
 


- Your patient is getting “wet” – give some Lasix. (Actually, lasix isn’t really what she 
needs, is it? Although it’s quite right to give – what she really needs is something to make  
that coronary artery dilate – what could you give that would make that happen?) If you’re 







 


really quick on the draw, sometimes you can head off intubation in someone who’s 
flashing – sometimes no matter how quick you are, you can’t.  


 
- She’s probably having chest pain – give her some Morphine. 


 
- What do you give everybody with cardiac ischemia? Under the tongue? Nitrates – IV 
nitroglycerine. (That’s probably what the patient wants instead of lasix, right?  But give 
the lasix too…) 


 
- What does her heart tissue need more of? Administer some Oxygen. What if she’s a 
COPDer? 


 
- Position her properly: sit her way up, high Fowler’s position, and put pillows under her 
arms to ease her work of breathing. 


 
 
Now you want to see if her ischemia responds – this can be tricky if she doesn’t have classical, 
substernal chest pain – maybe her anginal equivalent is nausea, or shortness of breath. People 
with diabetic neuropathy who can’t feel their feet may not feel anginal pain either… But true 
cardiac ischemia should produce some kind of characteristic change in the EKG - you’re going to 
look for the ischemic changes to reverse – for the ST depressions to come back up, for the 
flipped T-waves to pop back up, in the same lead groups where they appeared at the beginning. 
 
These maneuvers don’t repair the underlying problem though, right? – which is why people get 
cathed, and angioplastied, or stented, or bypassed. 
 
But what if all that stuff doesn’t work? What if you do all that good stuff: L, M, N, O, P – and the 
patient is still ischemic? Now what? Maybe a trip to the cath lab?  
 
 
 
 
 
 
 
7- What are the stages of an MI, and what do they look like on a 12-lead EKG? 
 
This time the problem is different: the muscle tissue beyond that little plug is not just inadequately 
supplied – it’s not supplied. Going to die. I hate it when that happens! 
 
The underlying process took a surprisingly long time to clarify, but finally in the 1980’s they 
figured out that little clots were the culprits in causing MIs, suddenly occluding what was left of a 
tight arterial lumen already almost blocked by plaque. The ‘tight lesions’ are the places along the 
lumen of the coronary artery where the cholesterol plaques have nearly – but not completely – 
closed the lumen to blood flow. As I understand it the theory says that platelets, loving as they do 
to stick to rough places, tend to form clots that plug what small opening is left – which is what lies 
behind the whole concept of  ‘clot-busting’.  
 
Apparently there’s a whole inflammatory aspect to the process of infarction as well, involving the 
plaques rupturing, which doesn’t sound healthy at all. Also there’s a story around that bacteria 
from the mouth may be involved in plaque formation, and that flossing can help prevent it. Just 
something else grandma was right about. 
 
There are several phases that an MI “evolves” through, and each phase has its own clear EKG 
characteristics. 
 







 


 
Before we go through each bit in detail, here’s a quick look at the whole process. 
 
 
  Time        Passing       This way… 


 
http://heartkorea.com/ecg_guide/ecg_04_2.htm  
 
 
 
 
 
 
 
 
7-1- First Stage: Acute Injury (ST Elevations):  
 
Let’s make sure that we know what we’re looking at here, exactly: 


 
 
Take a look at the QRS complex, in the middle of the 
diagram. You need to know exactly which wave is which. 
Again, it’s not too hard:  
 
The arrow on the left is pointing at the R-wave, which rises 
up from the isoelectric line, which is this one,  
 
 here. The flat part.  
 
The upper right-hand arrow is pointing to the S-wave, 
which slides back down. 
 
 
 
 


www.bilgi.umedia.org.tr/ yayin/tejm/ekg.htm 
 
The lower right-hand arrow is pointing to the ST segment – the same part that became depressed 
back in question 6.  
 
So - now that there’s a clot occluding the lumen, the process of infarction begins. It turns out that 
there are three clear stages in the progression of the MI – the first is the period of the ‘acute 
injury’. This stage lasts some hours - I remember being taught that it’s roughly six - and 
represents the period of time between the acute blockage of the lumen, and the start of tissue 
death in the part of the heart that is distal to that plug. On an EKG, this stage of infarct will show 
as ST elevation in all the leads that reflect whichever  part of the heart is being affected. 
 


 







 


See how the S-wave doesn’t go all the way back down, and is holding the T-wave up with it? S-T 
elevation. Early-stage, acute injury MI. Bad. 
 
 
 


 
  These are really elevated!  “Tombstones”… 
 
 
 
 


 
Very important: This six-ish hour period is the time when you want to try and get your TPA up 
and running – if you wait any longer, it may be too late to salvage the muscle tissue.  
 
Just as important: what if the patient had had a CVA six months ago?  
 
 
 
 
 
7- 2- Second Stage: Necrosis (Q-waves):  
 
Up.  


Here’s the normal complex again. Take a look at the 
QRS complex. Is there really a Q-wave here? Until they 
get to the ICU, lots of nurses never even see a Q-wave, 
and so don’t really know where they should be? 
 
Sort of, kind of, maybe, that little tiny wave there at the 
end of the PR interval – see it?  That little thing, says 
“Q”? Not much of a wave...a “non-pathologic” q-wave. 
 
The idea is that normally, ignoring that wee little Q, the 
first move that a QRS complex makes after the PR 
interval is to go – which way?  Who said  “Up!”? Yes, 
correct. Up is right. See that? Up, after the PR? 
 
Big q-waves represent the progression of the MI from 
the stage of acute injury to the stage of necrosis. Brrr! 
They show up as the QRS moving downwards first, 
after the PR interval. 


 
Take a look at this normal 12-lead. In every lead except AVR – we’ll leave AVR out of this, since 
it doesn’t fall in any of the lead groups, and in fact I don’t really know what it’s for – in every lead, 
after the PR interval, the QRS goes up. Can you see that, all those movements up? 
 
 
 
 
 
 
 
 
 
          







 


All those arrows: upward QRS’s.  What about this one? 
 


  
 
http://www-personal.umich.edu/~danielbc/2004/study/normal%20EKG.jpg  
 
 
What about V1? Looks like a big q-wave: a downward movement after the PR. But see – is it the 
only one there is?  V1 goes with which other lead? (V2.) Is there a q-wave there as well? (No.) 
 
This is important: if you’re going to see some kind of change in a 12-lead EKG, you should clearly 
see it in all the leads of a group, or it may not really mean anything –  artifact maybe, or iffy lead 
placement. My own EKG has a consistent q-wave in lead III – but not in II or AVF. My little pet q-
wave –  it just lives there… 
 


 
Here’s another one. See the PR interval? What does this QRS do – go up first, 
or down first? Down is correct. This is definitely a “pathologic” q-wave:  greater 
than a third of the total size of the QRS.  This one is the whole size of the QRS! 
 
 
 


 
The appearance of q-waves means that the patient has missed the time “window” for clot lysis – 
which makes sense, considering that the artery has now been plugged for more than four to six 
hours. Not much tissue can survive without blood that long. You figure – cardiac tissue must be 
really tough stuff – how long does it take before irreversible brain damage occurs in an untreated, 
hypotensive arrythmia? Six minutes?  
 
 
Here’s an interesting strip, below. 
 
See the ST elevations, and the Q’s, all at the same time? This person is evolving from the first 
stage to the second – moving from the stage of acute injury to the stage of necrosis. The ST 
segments will come back down to the baseline (the “isoelectric” line) as the Q’s develop.  
 
 


 







 


 
ST elevations, sliding back downwards as the Q waves grow… 
 
 
 
 
 
 
7-3- Third Stage: Resolution (Persistent Q’s, or flipped T’s):  
 
The resolution stage represents the development of scar tissue in the infarcted area, which 
happens roughly two weeks after the necrotic stage of the MI. The affected part of the heart will 
still show EKG changes, possibly forever – either what are called ‘persistent Q-waves’, or flipped 
T-waves. Unless he’s having ischemia again!   
 
A lot of the interpretation depends on context. If an elderly gentleman – say, myself (!), came in 
with a broken ankle, and you saw Q’s, or flipped T’s the routine EKG that you do on every older 
person, you’d cleverly ask me: “Uh, did you have an MI in the past at some time?”  You would 
probably say that the Q’s or T’s represented an old MI, rather than one I was in the middle of.  
 
Unless I was having chest pain… 
 
 
 
 
 
 
Here’s another look at the whole process. Any clearer now? 
 
Before the MI    1st Stage        Necrosis      Resolution: the Q’s remain, and maybe 


     flipped T as well…      or not. 


 
Let’s say it again: remember that these evolutionary changes will stay in the same group of leads 
the whole time, reflecting the events in the part of the heart that they represent. 
 
 
 
7-4- What do I do if my patient is having an MI? 
 
In two paragraphs?  
 
Well – timing is everything. Is the patient in stage 1? – time to think about the cath lab, or TPA, 
unless there’s some really good reason not to give it. Which there may be… 
 
If your patient does get TPA, look for the ST elevations to come back down to baseline without 
the development of q-waves. 
 







 


Stage 2?  Too late – the patient is going to have to “take her hit”. Watch out for the usual stuff: 
ectopy, changes in rhythm, blood pressure, all that.  
 
Remember that different kinds of MIs present in different ways: for example, inferior MIs often 
affect the conduction system: they may “brady down”, buy atropine or external pacing pads (ow!),  
– neat stuff like that. They may get the hiccups, or nausea and vomiting instead of having chest 
pain, as the inferior cardiac nerves also innervate the top of the stomach, so I’m told.  
 
Anterior, lateral, antero-lateral MIs – Big Pump Mis: they can get into all sorts of nasty trouble: 
cardiogenic shock, maybe. Big “flash” events, for another 
Take a look! Watch for evolution, all that good stuff! 
 
 
 
8- What is “electrical reciprocity”?   
 
 
“You mean there’s more?” (sigh)…there’s always more! Why do you think they write those 
enormous books and all?  
 
This is a fairly important concept, and it does have to go into this article, but in the swirl of ST 
elevations, depressions, mountains, valleys, rivers, plagues of frogs…you might want to put this 
bit off until later. It’s a lot to soak up at once. 
 
I hate reciprocity – it’s very confusing. Describing reciprocity is like describing how you can look 
at something through binoculars: if you look one way, the image is right side up – but if you flip 
the binoculars and look through the wrong end, the image is upside down, even though you’re still 
looking at the same thing. Some EKG lead groups act this way – they “mirror each other” 
electrically, so that ST elevations in one group will show up as ST depressions in the other. Not 
ischemia – “mirroring”.  You may need to reflect on that for a while… 
 
There are only two main areas of the heart that do this: the inferior and lateral ones; the septal 
and posterior ones. A set of inferior ST elevations in II, III and AVF can produce lateral ST 
depressions in  I, AVL, V5 and V6. You’d think that this would mean lateral ischemia, but no – it’s 
a reflection, bouncing electrically across the heart from the inferior injury, showing up in reverse.  
 
Yup, it’s confusing. The trick is to remember that when assessing EKG changes, ST elevations 
always come first – ahead of anything else on an EKG. If there are ST elevations anywhere on 
an EKG, you should wonder if any ST depressions on the same EKG might be reciprocral, 
instead of ischemic. See if they fit: inferior-lateral? If there are no ST elevations, go with ischemia 
as your interpretation. 
 
 
 
Inferior MI, lateral reciprocity. 
 
Here’s a pretty good example: see the inferior ST elevations?  So that’s going to be the primary 
process. 
 
Now - see the ST depressions in  I, and AVL? Lateral leads? That’s not ischemia – it’s the 
“mirrored reflection”of the inferior MI. Question for the cardiologist – why isn’t there reciprocity in 
V5 and V6? 
 
There’s more here, though.  
 







 


See the ST depressions in V1 and V2? Read on, we’ll talk about posterior reciprocity, and why it 
makes sense that it would show up in this situation. But ST depressions show in V3 and V4  
 
 


 
 
http://heartkorea.com/ecg_guide/ecg_04_2.htm  
 
 
 
 
 
 
Lateral MI, inferior reciprocity. 
 
See the ST elevations, this time in I and AVL? They’re subtle, but they’re there. Again, for some 
reason the entire lead groups isn’t represented, but enough of it is, and in the right way, to be 
convincing – the primary process is a lateral MI. 
 
So let’s get reciprocal: what’s happening in the inferior leads? Not ischemia. 
 


 
 
www.medscape.com/viewarticle/450583  
 
 
 
 







 


Posterior reciprocity is even more terrifying and complicated. If you don’t like horror movies, 
don’t read this part – it’s just too awful. 
 
The septal leads (they look at the front of the heart) will reflect a posterior event (which is in the 
back) in the same way that the inferior/lateral ones do, but it’s even more ridiculously tricky, since 
reading the posterior leads is made sort of difficult by the fact that…well… there aren’t any 
posterior leads! (At least not on a normal 12-lead.) Sheesh! 
 
See - on a 12-lead - the way you look at the back of the heart, is by looking at the leads that look 
at the front of the heart, only backwards. And upside down. Don’t hurt your neck. Remember the 
binoculars? If you reverse them, then the image is upside down and backwards?  
 
So: here are a couple of sets of septal leads: V1 and V2. 


 
 
 
 
ST depressions. 
 
 
 
 
 
 
 
 
   


Now – here are the same groups of leads, flipped and reversed: 
 
 
   
   
ST elevations!   
 
 
 
 
 
 
See the ST elevations? This is what you 
would see if you put real posterior leads on the patient. Posterior MI – 


in fact, you’ll see MDs do just this with an EKG – they’ll flip it over and hold it up to the light, 
looking for just this effect.  
 
Sometimes the clue is: is the patient having an inferior MI? Remember that the RCA perfuses 
both the inferior and posterior areas – is there ST elevation in II, III and AVF? And ST depression 
in V1 and V2? Those septal leads may be giving you a “mirror” of an infarct process, rather than 
showing ischemia – an infero-posterior MI.  
 
 
 
 
 
 
 
 







 


8-1:  What is a right-ventricular MI, and why is it going in the section about reciprocity? 
 
Well – it’s going here because I was going to leave it out… let’s see if I can remember this. 
Posterior events go along with inferior ones, because the back of the heart is perfused by the 
posterior descending artery (PDA), which branches off of the right coronary artery (RCA).  
 
This is the same kind of process as a left main infarct: two areas can be affected at once. Both 
the inferior and posterior territories will by affected by a single plug in the RCA, producing an 
infero-posterior MI. 
 
 


       
        A plug here…     
 
        produces an inferior infarct here, 
 
 
 
 
        and a posterior infarct here.  
    
 
        
 
        Here’s the PDA.  
 
         
 
 


http://soback.kornet21.net/~heartist/coronary/cag-ori.gif 
 
Now go back and look at the EKG on page 17. Infero-posterior, you think? Plus some anterior 
ischemia? Eww! 
 
Infarcting all this territory can produce yet another kind of MI, the “right ventricular” MI/ RVMI. 
Up to 50% of all inferior MIs affect enough RV territory to “stun” them into “hypokinetic inactivity” – 
meaning “they don’t move much, and don’t pump much.” To see this on an EKG, you need to do 
a 12-lead with the chest leads applied backwards – going around towards the right, instead of 
towards the left.  
 


 
Something’s not right – it looks familiar, though… 
 
I couldn’t find an image of right sided leads…but this is the 
basic idea. The placement is the same as usual, except going 
in the other direction. 
 
To do true posterior leads, here’s what you do: take all the 
chest lead wires off.  
 
Now stick on three more chest electrodes along the same line 
of V5 and V6, along the fifth intercostal space, using the same   
spacing that you used for the chest leads, ending up under the  
scapula: V7, V8, and V9. 


 







 


Now start reattaching the wires: put the V1 lead wire on the V4 electrode. See? The V2 lead goes 
on the V5 electrode. And so on around the chest. Now when you do your 12-lead, you’ll get a 
clear picture of what the entire RV is doing: inferiorly and posteriorly.  
 
 
 
 
8-2- How are RVMIs managed? 
 
RVMIs are a different kind of beast entirely from the left-sided kind. By definition, a left-sided MI 
involves the Big Pump – and your patient is going to get into fluid-management problems, CHF, 
that sort of thing, right? High wedge pressures, because the LV can’t empty itself? Lasix, fluid 
restriction, hypoxia… 
 
In a right-ventricular MI, the idea is that the ventricle becomes hypokinetic (“It doesn’t move 
much.”) – just sort of sits there, stunned, instead of sending blood along to the lungs. So what? 
 
So: if the blood doesn’t get pumped along to the lungs, then how is it going to get through those 
lungs and over to the other side, so that it can get pumped out into the arteries, which is after all 
how you make a blood pressure? The LV needs a steady supply to work with – instead of being 
suddenly injured and overloaded, it suddenly doesn’t have enough volume coming in. “Preload”. 
 
These people get lots of volume, to flood that sluggish RV and keep the blood moving along to 
the lungs – just the opposite of a left-system MI. Lots and lots of fluid – liters and liters. Maybe 
more. Give them normal saline – isotonic; stays in the vasculature… 
 
 
Well. I did warn you about the posterior stuff…look, I know, it’s hard. And maybe I lied a little 
about how hard it really was. Maybe a lot. But aren’t you learning all kinds of cool stuff? Soak up 
what you can, then forget about it for a year – then come back and read this again, and see if 
more of it clicks.  
 
 
 
9- Going through the evolving EKGs of an MI. 
 
 
Okay – ready to look at EKGs all the way through an MI, all three stages?  Let’s go. 
 
 
9-1-  Acute Injury - Stage 1 
 
Look at the ST elevations in leads II, III and AVF in this first EKG – pretty impressive. They’re not 
quite high enough to be called “tombstones”, but they’re impressive.  
 
Important question: what kind of MI is this? Which territory is being affected? Anterior? Inferior? 
Lateral?  Septal? Yukon?  
  







 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Take another look at those ST elevations. Has the patient “Q’d out” yet? Is it too late for clot lysis, 
you think, or is there still time? 
 
I think we also see some reciprocity: see the ST depressions in I and AVL? That would be lateral 
territory, which is reciprocal to, or reflective of what area? Inferior – correct. So what kind of MI is 
this? See that? The reciprocity doesn’t show in the whole lateral lead group though, does it? 
Happens that way sometimes – but certainly there’s a nasty primary process going on in II, III and 
AVF. 
 
How about the septal leads? 
 
Which coronary artery is being affected? What about the PDA? 
 
What kinds of specific bad things do these people do? What might you specifically want to have 
on hand? (Take a look at 7-4 again.) 
 
 
 
 
 
9-2- Necrosis - Stage 2: 
 
How about now? Not the same patient - same kind of MI though, same territory. But now things 
are looking a little different down there in II, III and AVF.  See how the Q-waves are starting to 
show up?  
 
Not just starting! This person is in the process of  “Q-ing out” inferiorly. “Can we lyse this guy?”  
“No – look, he’s q-ing out.” 
 
Are there other interesting changes to find on this EKG? What territories do they represent?  
 
 







 


 
 
http://www.ekgreading.com/EKG3-3.jpg 
 
 
 
 
I think there’s some interesting reciprocity happening here: remember, ST elevations always 
come first in interpretation. “So: if the ST elevations are inferior, and inferior is reciprocal to 
lateral, then…oh, my head hurts!” 
 
No – keep going, you were doing great!  The inferior territory “reflects” the lateral one. So the ST 
elevations in the one show up as ST depressions in the other. Sure enough: I is a little 
depressed, AVL is definitely depressed, but once again I think V5 and V6 are sitting this one out. 
 
How about the ST depressions in V1 and V2?   Could be septal ischemia…hmm -I think this is 
even yet another inferior-posterior MI.  This person’s primary process is an IMI, right? Remember 
the diagram: the RCA  perfuses the back of the heart…I think those ST depressions are 
“mirrored” – they’re “reflecting” an ST elevation process going on, way in back there.  







 


 
And what’s going on with V3 and V4?  
 
 
9-3- Resolution - Stage 3 
 
Well, clearly these aren’t all from the same patient. For one thing, the rhythm is different – what 
rhythm is this? In this “post-MI”  EKG, try to find the “persistent” Q-waves in II, III, and AVF. 
 
But the idea is pretty well conveyed, I think, isn’t it? Evolution of an inferior MI from the acute 
stage, to necrosis, to resolution?  
 


 
Do you see Q’s anywhere else here? Are they large enough to worry you?  
 
 
 
 
 
 
 
 
 
 
 
10- Another one. 
 
Ready to try another one?  
 
What’s going on this time? Whoa – all kinds of neat badness!  
 
 







 


 
 
http://members.evansville.net/ict/ekg-ami-antlat.htm 
 
 
Okay - let’s be systematic: 
 
Lead I shows ST elevation, so there’s an acute MI going on. Lead I goes with AVL, V5 and V6: 
ST elevations throughout the lateral territory. Oooh: a circumflex infarct, right? 
 
After starting with lead I, go on to lead II: anything there? Small QRS…how about the rest of the 
group: III and AVF? ST depressions in III for sure, maybe just a little in AVF. Hmm – lateral ST 
elevation, inferior ST depression… 
 
Wait a sec – didn’t we say a while back that ST elevations always come first in interpretation? So 
ST elevations laterally…and infarct is always interpreted as the main process…ha! Inferior 
reciprocity! 
 
Onwards. Where were we? We did lateral, we did inferior, what’s left? The chest leads – ok, start 
with V1. Yow, a q-wave! And it gets worse from there – V2, V3, V4 – big anterior ST elevations 
that are already starting to form q’s…another infarct area! 
 
So there are two areas with ST elevations: the lateral group, and the anterior group. That would 
mean infarct in the circumflex and the LAD…wait a minute…uh-oh – this guy is infarcting a left 
main lesion!  
 
Excellent! 
 
 
 
 
 
11- What are intervals all about? 


 
 
Remember these? People memorize these, spit them out on quizzes, but sometimes they don’t 
get the real idea. What is an interval, actually? 
 
It’s a length of time -how long it takes for something to go from one place to another. 
 







 


So – what is it that’s doing the going? What’s moving? 
 
It’s the signal – the signal actually moves along the conduction pathways. It would probably look 
something like an ocean wave – if you were standing somewhere along the pathway, and slowed 
everything down so that you could watch carefully, you’d probably see the wave coming along at 
you as it moved along the path. Or you could surf that wave and watch as you passed by the 
cardiac anatomy. 
 
This first arrow on the left shows the signal as it generates the p-wave – the p-r interval. 
 
The second arrow shows the movement of the signal through the ventricles: the QRS. Which one 
moves faster? 
 
Who remembers what the T-wave is? 


 
 
 


 
 
 
               


         
 


 
 
 


 
 
 
 
 
 


 
 
Intervals can be too long, or too short. Makes sense. Let’s take them one at a a time: 
 
 
-PR interval:  Too long? Greater than .20 seconds? First degree heart block? 
 
 
http://www.anaesthetist.com/icu/organs/heart/ecg/images/e_longpr.jpg 


 
First degree heart block, right? Probably because 
the conduction system has taken some kind of hit: 
ischemia, or an infarct, the signal isn’t travelling 
through the atrial tissue at the normal speed. 


 
 
Too short? What’s your patient’s heart rate? In the 40’s?  Why am I asking? 
 


 
 
 
 
 







 


http://www.medceu.com/images/sample19.jpg 
 
That is short. The rate’s not that slow…still, this is probably coming from the AV node. Junctional 
tachycardia: a faster-than-normal junctional rhythm, with the p-waves going backwards along 
their normal pathway through the atria.  
 
 
 
- QRS interval:  
 
Now that I think of it, I don’t think I’ve ever heard anyone complain about a QRS interval being 
too short. Other things, maybe… 
 
 
QRS’s are very short in SVTs… 
 
 
 
      
http://www.amc.edu/amr/current/EKG02md.jpg  


 
 


 
This is more what you tend to see. Too long: greater than .12 
seconds…probably one of the bundle branches is blocked. 
 
 
 


http://www.med.nus.edu.sg/paed/medical_education/cardiac_thumbnail/investigations/ecg.htm 
 
 
 
- QT interval:  
 


This is the one that a lot of people get worried about, usually 
because it’s getting longer than it ought to be. Remember that the 
QRS is the time it takes for the signal to depolarize the ventricles? 
And the t-wave is the time it takes for the conduction system to 
reset? So: the QT interval is the time it takes to do both of those. 
 
http://www.fbr.org/swksweb/ecg_long.JPG  
 
 


 
 
Apparently it can be too short: 


 
Looks okay to me – the website said this “short 
QT interval strip” was supposed to indicate that 
someone’s calcium was too high. I think they 
got this one wrong – long PR interval, maybe? 
 


http://www.studentbmj.com/back_issues/0903/education/314.html  
 
 







 


Too long is what they don’t like to see:  
 
 
Looks long to me. Dangerous. The heart is taking too 
long to re-polarize – nasty arrhythmias such as 
Torsades can result. Haldol is famous for 
(occasionally) provoking this.  
 
 


 http://www.ecglibrary.com/ecgs/l_qtfig.gif   
 
 


 
Yup – that’s it! If you 
hang around an ICU long 
enough, you will 
definitely come across 
this one…grab the 
magnesium. 
 
 
 


http://www.lfhk.cuni.cz/farmakol/anglicka/hughes/html/QTinterval/HTML/ekg-QT.gif  
 
 
 
 
 
 
 
 
 
 
 
 
Here’s the thing: the QT gets shorter as the heart rate speeds up, and longer as it slows down. 
So what you really need to know is: is the QT interval too long - at all? Regardless of the heart 
rate - fast or slow? So the thing to do is to calculate the QT interval with the heart rate factored in, 
and indeed, this is called calculating the “corrected QT interval” – the “QTc”.  
 
Happily, our monitoring equipment will actually do this for you – the thing to try to remember is 
that average of 380 – 400 milliseconds. Longer than 440 milliseconds is too long. 
 
Take a look at the strips on the slide from the website link that appears below. If you got out your 
calipers and measured the intervals, you’d see that the QT interval is longer at the slower rate, 
shorter at the faster one. But the ratio of lengths probably stays the same, regardless of the rate. 
Too long is too long. Dangerous. 
 
 
 
 
 







 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
http://www.fda.gov/OHRMS/DOCKETS/AC/01/slides/3746s_01_Ruskin/sld021.htm 
 
 
 
12- What does a 12-lead EKG look like if a patient’s potassium is too high? Too low? 
 
Potassium is the main electrolyte that we see causing EKG disturbances.   
 


 
Hyperkalemia. A really high potassium – say, greater 
than 6.0 – is an unhappy and dangerous thing. You’ll 
certainly be treating that – but the development of the 
peaked t-waves is what really sets off concern, 
probably indicating the development of myocardial 
toxicity. 
 


  How would you anticipate treating this? 
 
http://www.superscore.com/HyperK1.jpg  
 


 
 
This chart is a little hard to read – this is going the 
other way: hypokalemia, getting worse from the top 
strip downwards. See how the U-wave develops? 
What’s this patient’s creatinine, and why do we care? 
 
 
Cardiologist goes into a bar, sees a cute EP fellow 
sitting alone:  
 
 
 
 
 
http://www.ascp.com/public/pubs/tcp/1997/pics/heart5.gif 







  


Reading EKGs, II – a scary situation, and a big save.    
 
 
 
The usual disclaimer goes here: this article is not meant to be an authoritative reference in any 
way – instead, it’s supposed to reflect the thinking and experience. Please check with your own 
local references and authorities on any questions about our content – and let us know what you 
think! 
 
 
 
 
 
Here’s a really nice example of applied EKG-reading. This was a totally scary, unexpected, out-
of-the-blue situation, which we thought would go well as an example of what EMS is all about. 
 
The scenario was terrifying to start with, although pretty straightforward; young woman calls with 
possible acute meningitis: the bad one, turned out to be neisseria meningitidis, which kills at a 
mile unless treated absolutely as soon as possible. So: young person, not a college student as 
sometimes happens, but who works in a popular coffee shop. She picks up the big bad bug, 
which maybe had colonized some customer of hers without causing the disease, and rapidly gets 
sick: complains of a headache to her roommate at about 5pm, and is found by the roommate, 
incontinent of stool, at about 10 that night.  
 
She’s pretty unresponsive, seizes, gets intubated,  Apparently acute DIC likes to accompany this 
disease entity: she had little areas of purpura growing in spots all over her; she’s gone on a 
couple of pressors, bacteremia, sepsis…she’s very sick. 
 
After admissions to the ICU, couple of days go by. She’s still intubated, weaning off her pressors, 
still on propofol, since every time they lighten her she starts to become uncontrollably agitated, 
pulling at equipment, lines, not responding to voice…this is actually really good news, because at 
least she’s moving everything. Now the plan is to get keep her safe, finish her antibiotic regimen, 
and then try to wean her from the vent as – hopefully – her head clears up. 
 
The ICU notices something odd on the monitor… 
 
What is it? 
 
 


 
 
 
 


 
 
Let’s take the image and make it a little bigger:  
 


 
 
Yeah, that’s 
bigger!   
 
 
 


 
 







  


Anybody see the thing that shouldn’t be? Are these normal looking complexes? 
 
This is where a lot of people get a little lost: they’ve learned some arrhythmias, but for some 
reason never get a grasp of some of the other, really basic observations that you really have to 
know about when you start working with ECG’s.. yes, there are p-waves. Yup, every p-wave is 
followed by a QRS complex…but this is not an arrhythmia problem; something else here is very 
wrong. Scary wrong – so wrong that the appropriate response from you should be something like: 
“Holy s&*t!”  
 
 


 
 
 
 
 
 
 
 
 


 
Here’s a normal one complex…  And here’s the problem one, with helpful arrow added… 
 
 
See it now?  What’s the arrow pointing at – which segment? And what’s up with that segment? 
Elevated? Depressed? Cone-headed?  So who remembers what ST elevation means? 
 
Holy s&*t! 
 
This is alarming – here is something that is really not supposed to be: ST elevations on the 
monitor, from a 22-year old kid with meningitis? Say what!? 
 
So – what do you do at this point?  
 
Who said call the physicians? Sounds right to me… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







  


Here’s the first of a series of 12-lead ekgs – the times that they were done didn’t scan in all of 
them, but they’re in sequence : 
 
 


 
 
Since it’s first in line, lets start with lead 1: don’t see much going on. Small complex, maybe – not 
sure what to make of that. Along with lead one in the lateral group goes AVL, and V5 and V6. 
(Which coronary artery are we looking at here?) AVL is inverted, with a flipped T-wave, but the 
other leads look ok, so since the whole group isn’t showing a problem, I’d tend not to get very 
worried just yet. See the non-pathologic q’s, however? Little baby q’s? Hmm… 
 
 
Finished with the lateral group – next comes lead 2, along with 3 and AVF. A little suspicious – is 
there a little ST elevation in the whole group? 
 
What’s left: antero-septal leads: V1-2-3-4: v4 might be thinking about something, just a little… 
 
On the monitor, the ST elevations are getting worse – next ekg: 
 







Ack!  Worse!  See it now? This is bad. ST elevations in…who said two areas of the heart? 
WTF? 


I’m starting to get really unhappy now.  


Next ekg:  even more worse. Everybody sees this, right? ST elevations in two lead groups: 
lateral/circumflex, and inferior/RCA, right?  


Next EKG, 20 minutes later…you’ve heard of “tombstones” on an ekg? Those there are them, 
right there…this s&*t is really evolving rapidly…  







  


 
 
 
Let’s try to anticipate him here –  what could be happening? How could the kid be infarcting two 
areas of her heart at once? Something is blocking flow through two of the main coronary 
arteries… 
 
 
 
There are two main possibilities that occur to my ancient mind:   
 


1:  - she could have thrown little microemboli to her coronary arteries, which is possible, 
since she’s DIC-ing; two main cores out of three, or  
 
2:  - she could be having some totally bizarre vasospastic thing going on, and a couple of 
her coronary arteries have tightened up so tight that they’re occluding themselves closed.  


 
 
With an echo machine: if the two coronary arteries are seriously and completely plugged, then the 
echo will probably show that the two areas of the heart they supply won’t be moving very much, 
and the kid may have to go emergently to the cath lab, maybe for stents… 
 
…but they are moving! So the vessels aren’t plugged.  
 
Sure enough, the cardiologists thinks this is a vasospastic response to something, possibly the 
propofol that the kid is on. 
 
The plan: stop the propofol, (der!), apply some…some what? 
 
Come on now, You’re learning about all those cool intravenous drip meds – some of them tighten 
up arteries, right? You want to use those here? Nooo, you don’t. You want the other kind, right? 
One of the ones that loosens arteries up. And which one loosens up the tight coronary arteries? 
Nitroglycerine? Perfect choice! Loosen up those arteries!  
 
All of the arteries? 
 
Wait a minute – isn’t she on pressors? Bacteremic, septic, all that? 
 
Uh - yeah…so? 
 







  


So that means that we’re going to be giving her one drip to make her arteries tighten up – that’s 
the pressor, and at the same time we’re going to give her another drip to make her arteries 
loosen up? That sense makes? 
 
Hope so! The idea is that the nitro is going to specifically loosen up the coronary arteries – does it 
work with that much specificity? Who the heck knows? We need to try something though, 
because we’ve got a four-hour window here before this acute myocardial injury turns to 
necrosis…and long before then we’re going to have to decide whether or not to take this kid to 
the cath lab and start drilling, or stenting, or…yeesh! 
 
We sneak on a little nitroglycerine – straight drip, 100mcg/minute, just to see if the kid is going to 
bottom out her pressure in response to it or not…then we crank, and get it up rapidly to 500mcg, 
sort of arbitrarily – this is the middle of a usual dose range, which sort of ensures that you’re both 
giving a hefty dose, and that you still have room to give lots more if you want to… 
 
Next ekg, about 15 minutes after cranking up the nitro: what’s happening? You’re looking at the 
same areas, right? – inferior and lateral. Is anything changing? This ekg is a little noisy, patient 
moving around, maybe… 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
What do we think? Anything happening?  
Well – how would you know? What is it exactly that you’re hoping is going to happen? Let’s 
visualize: two of the coronaries are so tightly spazzed that nothing – hardly – is getting through 
them. Along comes the nitro – what’s supposed to happen?  
 
So what’s supposed to happen on the EKG? 
 
Thirty minutes - how about now?  
 
 
 
 
 
 
 
 
 
 







  


 
 
 
 
 
 
 
 
 
 
 
 
 


      
 
        Why are we not worried about what this might be? 
 
 
 
And now? About 45 minutes. 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Here’s the last in the series, about 3 hours along…whew! 
 


 
 
 
 
  
 
 
 
 
 
 
 
 







 


Arrhythmia Review        
 
 
 
 
 
 


1- What is an arrhythmia? 
 


The nodes: SA and AV. 
 


The normal complex: 
  
1-1: What is a P-wave? What is the P-R interval? 
1-2: What if there’s no P-wave?  
1-3: What is the QRS complex?  
1-4: What if there’s no QRS complex?  
1-5: What is the T-wave? What is the QT interval? 
1-6: What if there’s no T-wave? 
1-7: What is the isoelectric line? 


 
2- Why do people have arrhythmias? 
3- What is the difference between a bad arrhythmia and a not-so-bad arrhythmia? 
4- What is “ectopy”? 
5- What does “supraventricular” mean? 
6- What are the supraventricular arrhythmias that I’m likely to see which ones do I need 


to worry about, and how are they treated? 
 


6-1: Sinus arrhythmia 
6-2: Sinus bradycardia 
6-3: Sinus tachycardia 
6-4: Paroxysmal Atrial Tachycardia (PAT) 
6-5: PAC’s 
6-6: Atrial bigeminy 
6-7: A-flutter 
6-8: A-fib 
6-9: Wandering Atrial Pacemaker & Multifocal Atrial Tachycardia (MAT) 


 
 
Continuing southwards… 
 
6-10: Nodal beats 
6-11: Junctional “escape” beats 
6-12: Escape capture bigeminy 
6-13: Junctional rhythms 
6-14: Accelerated junctional rhythms 
6-15: What if the atria and the ventricles aren’t talking to each other? How can I tell? 


   
  6-15-1: What is A-V dissociation? 
  6-15-2: What does “marching out” mean? 
   
 
 
 
 
 







 


 Even Further On South… how this report is organized. 
 


7- What ventricular arrhythmias am I likely to see, when should I worry about them, and 
how are they treated? 


 
7-1: PVCs 
 7-1-1: What are couplets? Triplets? 
 
7-2: Ventricular bigeminy, trigeminy, quadrigeminy? 
7-3: What is a “run”? What is a “salvo”? What is “Non-sustained ventricular 
tachycardia”? 
7-4: VT 
7-5: VF 
7-6: What is the difference between “narrow complex” and “wide complex” 
tachycardia? 
7-7: What do I do if I see VT on the monitor? 
7-8: What if the patient is still awake? 
7-9: What if the patient rolls up her eyes and becomes unresponsive? 


 7-10: What is a precordial thump? Does it work? 
 7-11: What if I see VF on the monitor? 
 7-12: Torsades de Pointes 


7-13: AIVR 
7-14: Asystole 


 
8- Things we left out the first time:  


 
8-1: SVT – Supraventricular Tachycardia 
8-2: WPW – Wolff-Parkinson-White 


 
  
 
 
1- What is an arrhythmia? 
 


 
 


The idea that helped me the most in actually understanding what arrhythmias do to people was 
correlating, or maybe I should say learning to visualize in my head, what the heart was actually 
doing during one arrhythmia or the other. Each part of the normal cardiac cycle has a specific 
mechanical event associated with it, and if you can get a mental image in your head of what is, 
or isn’t happening, then the effects of the arrhythmias become much clearer. 


 
 


The Nodes:  
 
Take a look at the diagram that follows. 


 
Remember these? These are the “intrinsic pacemakers”.  Not too hard – there’s only two of 
them. First is the sino-atrial node – which lives in the right atrium, in something called the 
coronary sinus, which I have no idea what exactly is, exactly. Jayne knows – she works in the 
EP lab… anyhow, there it is in the picture, in yellow up at the top.  This is the one that generates 
P-waves. P-waves travel from the SA to the AV, or atrioventricular node, which lives at the place 
where the atria and the ventricles join. As the signal travels through the RA, both atria contract.  


 
 







 


This is the key thing: as the signal goes through its part of the heart, that same part of the 
heart responds mechanically, with movement.  
 
Well – it’s supposed to! (grin! – what if it doesn’t? What’s that called? What would you do?)  
 
That movement, of one set of chambers or the other – atria or ventricles -  is what you want to 
try to visualize mentally as you think your way through arrhythmias. So: P-wave – atrial 
contraction. 


 
Next comes the AV node, which is also called the “junction”, and sometimes confusingly called 
“the node” – even though its sibling up above is also called a node. (I have no idea where this 
second name came from – anybody know?) The signal that came from the SA node gets to the 
junction, and is passed along to travel through the ventricles, producing the QRS complex on the 
EKG. In response to this part of the signal, the ventricles contract.  So this time: QRS – 
ventricular contraction. 
 
Let’s take a second to look at how lead II works: 
 
 


Negative electrode goes here 
 
  (here)      (Ground electrode goes here…) 


 
     (here) 
     Positive electrode here 


www.arrhythmia.org/ general/whatis/  
 
 


The point here is that the normal pathway that the signal takes is going from the negative 
electrode, towards the positive one. See that?  Going towards the positive electrode, the signal 
makes an upward blip on the cardiac monitor.   


 
This is actually really important, and I’ll probably make this point too many times, but the direction 
in which the signal is moving tells you where the beat is coming from. If it makes an upward blip 
on a lead II, then it has to be moving in the normal direction, towards the positive electrode. So it 
must be coming from somewhere in the normal pathway: either the SA or the AV node. If the 
signal goes downwards – meaning, the signal is going the other way, backwards towards the 
negative electrode – where’s it coming from? 







 


 
 
Like these guys. They go 
downwards, mostly, right? 
So – they’re going the wrong 
way. Hm. So that means they 
must be coming from where? 
Well… they’re PVC’s, right? 


Premature… aha!  -  ventricular contractions! They’re going backwards because they’re coming 
from the other end of the heart, down in the ventricles, and heading backwards towards the 
negative electrode in lead II… so the signal goes downwards… bing! Lightbulb go on? Which way 
are the normal ones headed? 
 
See why Lead II is used as the standard monitoring lead? It reflects the normal conduction path. 


 
 
 
 


The Normal Complex: 
 
Now let’s take a quick look at the normal cardiac cycle on the EKG: 


 


 
www.bilgi.umedia.org.tr/ yayin/tejm/ekg.htm 
 
 
This is a pretty good diagram – looks like lead II from a 12-lead EKG. Let’s say it again: Lead II is 
used as the basic reference lead for looking at cardiac rhythms, because it reflects the normal 
path of the signal moving through the heart. In lead II, the positive electrode is near the apex of 
the heart - the bottom of the cone formed by the ventricles, pointing southeast; (that’s “down and 
towards the right” for you non-map people . The negative electrode is up on the right chest near 
the clavicle, northwest. Now imagine a line drawn connecting the two electrodes. Got that? The 
normal signal follows that path, moving through the chambers, always towards that positive 
electrode, making an upward blip on the ekg trace as it does. See those upward blips? 
 


 
Now – everybody knows where the electrodes go, right? 







 


 
(What do you mean, “Nice picture of your first girlfriend!”?) 
 
 
1-1: What is a p-wave? What is the PR interval? 
 
So.  In lead II, as the signal goes through the small muscle mass of the atria, it generates a small 
upward wave – you guessed it, the P-wave. Atrial depolarization ends, sort of obviously, at the 
AV node – at the beginning of the QRS. Actually we ignore the Q-part of the complex in 
measuring the PR interval. A normal PR interval is supposed to be equal to, or less than .20 
seconds (5 little boxes, or one big box on the EKG paper.) 
 
1-2: What if there’s no P-wave? 
 
No p-wave means that the SA node hasn’t generated a signal. No signal, no atrial motion. Can 
you live without atrial motion? – probably, although you lose your atrial kick – which they say 
accounts for something like 25% of your total cardiac output. 
 
1-3: What is the QRS complex? 
 
As the contraction signal gets passed along through the large muscle mass of the ventricles, it 
generates a large waveform. The QRS is not supposed to be longer than .12 seconds – three 
little boxes. Longer means the signal is taking longer than it should to get through – maybe 
there’s a bundle branch block? 
 
1-4: What if there’s no QRS complex? 
 
No QRS complex means that no signal has gone through the ventricles. No signal, no ventricular 
motion. Can you live without ventricular motion? 
  
1-5: What is the T-wave? What is the QT interval? 
 
Now that both sets of chambers have contracted, the electrical system resets itself – producing 
the T-wave. The significant thing we worry about as regards an otherwise normal T-wave is the 
length of the waveform: from the beginning of the QRS to the end of the T-wave, called the QT 
interval. A “corrected” QT interval that lasts too long can mean that bad things may be developing 
– usually one kind of drug toxicity or another – which may show up as nasty tachyarrhythmias like 
VT. Haldol is infamous for this. 
 







 


1-6: What if there’s no T-wave? 
 
Well – if there’s no QRS, there won’t be a T-wave. Otherwise, the ventricles are definitely going to 
have to reset themselves – producing a T-wave of one kind or another. It’s very important to 
remember that T-waves, or more correctly the ST segment of the complex, can change if the 
patient goes through an MI, or is having an ischemic, or anginal episode. If the T-waves on your 
patient look different at the end of your shift – get suspicious. There’s lots more on ST segments 
and what they’re trying to tell you in the FAQ on “Reading 12-lead EKGs”. 


 
1-7: What is the isoelectric line? 


 
Let’s look at a normal sinus rhythm strip. 


 


 
 


Do you see the area where the line is flat between the beats? After the T-waves, and before the 
next p-waves? That’s the “isoelectric line”. When ST segments go up, as in an MI, or down, as in 
ischemia, what you’re hoping is that they will come back to their original positions with treatment, 
and that position is: where they started out, on the isoelectric line. 
 
 
 
1- Why do people have arrhythmias? 
 
Lots of reasons, but if you think about things that are going to make a heart unhappy, then those 
are the things that will produce arrhythmias acutely: cardiac ischemia, hypoxia, MI, changes in 
electrolytes…obviously in a situation like this you are going to be treating the underlying problem 
– either with anti-ischemic treatments in situations like anginal CHF (remember “LMNOP”- Lasix, 
Morphine, Nitrates, Oxygen and Position); or clot-busting an acute MI – and hopefully this will 
minimize or even reverse the conditions that are producing the arrhythmias in the first place.  


 
Chronic changes that produce arrhythmias have to do with processes that make cardiac 
chambers do things over long periods of time that they don’t want to do, usually producing an 
abnormal change in their size. Anything that makes a chamber “stretch” chronically will produce 
chronic arrhythmias – the classic example is cor pulmonale (“lung-heart” – meaning, heart 
problems caused by the lungs.) The lungs, remember, are supposed to be nice and soft, and the 
relatively thin-walled right ventricle doesn’t have any trouble sending blood through them. Any 
process that makes the lungs stiffen up - whether acute or chronic - will increase the pressure 
needed to send blood through them. Now the RV has to work harder, and since it’s not built too 
powerfully to start with, if it’s made to work harder over time, it’s going to grow – like your biceps 
do during weight training (mine never did…).  


 
This chamber growth is actually not a happy thing, because the heart wants to stay small – it 
works better that way, small and tight – and the bigger it gets, the more stretched and boggy it 
gets, and this stretching and bogginess characteristically produces arrythmias. I was taught that a 







stretched-out RV and RA produces atrial fibrillation – the classic arrhythmia of smokers and 
COPDers. And liver patients. Make sense? 


Likewise, anything that makes the left side of the heart grow and stretch will produce arrhythmias 
– usually the more unpleasant ventricular ones. These will be your CHF patients with low EF –
they will often have a certain amount of ventricular ectopy at baseline. 


2- What is the difference between a bad arrhythmia and a not-so-bad arrhythmia? 


The key concept: is the patient able to make a blood pressure? I mean, clearly there are lots of 
other things to consider – for example, a patient may go into VT and maintain a blood pressure 
nicely, talking to you, maybe complaining of chest pain – would you shock that patient? You 
would need to know that in VT, a patient may sometimes maintain a pressure for a while, and 
then lose it abruptly – does this happen with other arrhythmias? It takes time, study and 
experience to learn your way around these situations – don’t feel bad if you find that it takes you 
quite a while. It takes years to get 100% comfortable. I’m still waiting… 


Let’s try the visualization thing to see if it helps to analyze the threat that is produced by one 
arrhythmia or the other. Here’s an example – you’ve probably seen people with this.  


Right – here we are in A-fib. Are there P-waves? Hmm – maybe? What are those fluttery looking 
waves along the isoelectric line? Not really p’s. So - no P-waves means: no kind of normal atrial 
contraction. Are there QRS’s? Definitely. So there are ventricular contractions – and how many in 
a minute? This looks like a six-second strip -  count the QRS’s and multiply by 10 to get the 
ventricular contractions in one minute. Everybody get 70? (Don’t count that last QRS at the end – 
it’s beyond the 6-second measurement).  


Should this patient be able to maintain a nice blood pressure with a rate of 70? Probably – the 
ventricles need time to fill up, and at this rate they’re probably filling very nicely. A lot depends on 
the strength of the ventricle – the “ejection fraction”.  


Now the mental part. In my mind, when I see a-fib, I think of the atria, uh… fibrillating. Remember 
the “bag of worms”, which is how they describe what a fibrillating ventricle looks like? Same thing, 
but up on top. The ventricles, I can see, should be pumping properly, because there is a normally 
upright QRS – this means that the path of conduction is travelling in the right direction through the 
ventricular muscle mass, just the way it normally should – so they’re at least conducting okay.  


The important points in this situation:  







 


- I recognize this as A-fib, which is a fairly “stable” arrhythmia – 
 
 


- The ventricular rate is not too fast. This is a very important concept in grasping the 
significance of arrhythmias: speed matters - usually we’re talking about ventricular 
speed here. Ventricles beating at a rate of 200 bpm have no time to physically fill up 
with blood – therefore they don’t have much blood in them to pump out – therefore 
cardiac output and blood pressure fall, and other bad things like death may ensue. 
Too slow a rate may have the same result – sure, the ventricles have all the time they 
need to fill, but at such a slow rate, the cardiac output is still too low to maintain a 
blood pressure. What’s the ventricular rate in the strip above – 70, we said? Sounds 
good to me. If the ventricular rate is kept around this range, the patient will probably 
do fine.  


 
- A helpful basic concept: the ventricles do most of the pumping in generating a blood 


pressure. The rule is, no matter what else is happening, if the ventricular rate is 
somewhere near the normal range of sinus rhythm – say 60 to 100 bpm, then the 
resulting blood pressure will probably be all right. Probably. (grin!) 


 
 
3- What is “ectopy”?  


 
“Ectopic” means: “something occurring where it isn’t supposed to”.  Pregnancy anywhere in 
the body but the uterus is “ectopic pregnancy”. Seizures result from ectopic electrical activity 
in the brain. If the signal that starts a heartbeat originates from someplace other than it’s 
supposed to, it’s also called ectopic.  


 
Two points to make here:  first, you’ll remember learning years ago that cardiac tissue has 
the property of “automaticity” – which means it is able, all of it in one way or another, of acting 
as a pacemaker, not connected in any way to the normal, built-in pacemaker/conduction 
system.  


 
Second, the heart responds to the fastest signal it receives. This means, for example, that if 
the AV node should wake up and start feeling frisky and quick, it could capture and pace the 
heart if it were generating a rate faster than the SA node.  
 


 
The result is that electrical pacemakers can pop up just about anywhere – in the atria or in 
the ventricles, and if they produce a beat sooner than the current pacemaker (I’m talking 
about built-in, natural pacemakers here) does, that ectopic beat will capture the heart. For 
example, a single PAC. Or a single PVC. The idea is that these signals are premature, 
arriving sooner, at a faster rate than whatever else is normally pacing the heart. As a result, 
they capture.  


 
Or, if it’s a sequence of rapid signals, it will capture the heart for as long as that sequence 
lasts – any examples from the audience? VT for sure. SVT also for sure – rapid Afib as well. 
(Pardon me – supposed to say: “A-fib with RVR” – rapid ventricular response…) The normal, 
slower rhythm will not recapture the heart until the faster rhythm is controlled – and if the 
rapid rhythm doesn’t allow the ventricles enough time to fill, there you have your lethal 
arrythmia situation. More on these later.  


 
 
4- What is “supraventricular”? 
 


You’d think that this meant “atrial” in reference to arrythmias, but I believe we’re supposed to 
add AV-nodal (sometimes called “junctional”, or just “nodal”) rhythms to this group.  







 


 
 


5- What are the supraventricular arrhythmias that I’m likely to see, which ones do I need 
to worry about, and how are they treated? 


 
Let’s begin by looking at normal sinus rhythm – the normal supraventricular rhythm: 
 


  
 


 
Look familiar? Normal intervals, rate in the 70’s – nice! Everybody see the p-waves – the little 
ones in front of the big ones? Then the QRS’s, which are the big ones. Then the t-waves, coming 
after the QRS’s… 
 
Here are some of the common supraventricular arrythmias – some aren’t really so common, but 
you should have a basic grip on them anyhow. 


 
 
6-1: Sinus arrhythmia


 


 
 


This is not one to worry about, as far as I know. Sinus arrhythmia is when the normal sinus rate 
speeds up and slows down slightly, varying with respiration. In 26-odd years I’ve never seen any 
physician show the slightest concern about this one. (French website…) 


 
 
 
 
 
 
 
6-2: Sinus Bradycardia 
 
 


 
 







Here’s a nice sinus bradycardia, rate in the 50’s. Everyone remember what the intrinsic rate is for 
the SA node: 60 to 100bpm, right? Is this rhythm coming from the SA node? Sure – see the p-
waves? But it’s slow, isn’t it? – “bradycardia”, of sinus origin. Sinus bradycardia is sometimes a 
good thing – it means your patient has finally fallen asleep, or that her metoprolol is finally starting 
to work. A really slow bradycardia is not such a good thing – clearly, you don’t make much of a 
blood pressure with a rate of 20.  


Scenarios causing sinus bradycardia:  


- Inferior MIs – “IMI”s – are classically famous for producing brady episodes, 
where the patient’s rate drops to the twenties, and you run into the room and give 
a milligram of atropine, and start looking around for the external pacing pads. If 
I’m getting a patient with an acute IMI, I put a vial of atropine in the room just for 
good voodoo. Mojo. Whatever. 


- Sedation: being sedate will drop most people’s heart rates. 


- Ischemia: definitely. If you think about it, you’ll remember that there are three 
main coronary arteries – these perfuse the SA and AV nodes, and if the nodes 
become unhappy, then arrhythmias certainly result. As with an IMI, in the case of 
ischemia in inferior territory, the RCA is usually the problem… there’s lots more 
on the coronary arteries, where they go, and how they show up 
electrocardiographically in “Reading 12-lead EKGs”.  


6-3: Sinus Tachycardia 


Sinus tachycardia – pretty easy. P-waves? Yes. So the rhythm is coming from the sinus node. 
What’s the rate – somewhere near 130? So, faster than the normal range of 60-100. Tachycardia. 
Let’s do the mental thing just quickly: P-waves mean that the atria are contracting, QRS’s mean 
that the ventricles are too, and in the right order, atria first, ventricles second. Which is of course 
better than if they’re doing it backwards – or even simultaneously, which does happen 
sometimes. 


Reasons for sinus tachycardia: 


- Agitation, pain or distress – pretty easy. 


- Fever – also pretty easy. 


- Dehydration – anything that decreases the circulating volume for any reason will 
produce a rise in heart rate, as the body tries to keep blood pressure up. 
Dehydration would mean a relative loss of water in the circulation, but certainly 
blood loss will do the same thing. There’s lots more on how blood pressures work 
in “Pressors and Vasoactives”, and “PA – Lines”. 


- There can certainly be combinations – it wouldn’t be unusual at all to see all 
three of these conditions at once in a septic patient. Remember – sinus 
tachycardia is usually something the body is doing on purpose, for a reason, 
such as trying to maintain a blood pressure. Don’t be too anxious to start giving 
drugs like beta-blockers in tachycardic situations until you have some idea of why 
the patient is doing what they’re doing. (The exception would be during an acute 







 


MI. Hearts get tachycardic during MIs, usually because their owners are in pain, 
or terrified, or both. Bad.) 


 
 


6-4: Paroxysmal Atrial Tachycardia (PAT) 
 


 
 
PAT is a very rapid supraventricular rhythm that comes from the atria – usually it runs at a very 
rapid rate, about 250-300bpm. You sometimes see young people have short bursts of this 
rhythm, which in my experience doesn’t last more than a couple of seconds. How much caffeine 
did they drink today? This strip shows the PAT breaking spontaneously to NSR. It may set your 
alarms off – unless it persists, most physicians don’t get too involved with this. Document it. If it 
persists – as what you would then probably call SVT - things could get ugly, in the sense that the 
blood pressure might suffer – what drugs would you think about having on hand for this? Might 
need a machine, too. 


 
 


6-5: PAC’s: (Premature Atrial Contractions) 
 


 
 
Here are some nice premature atrial contractions. That is, we assume that the heart is contracting 
in response to these signals. Anyhow, if you look at the early beat – 5th complex, right? – you’ll 
see that it has a different P-wave shape (the impressive word for shape is “morphology”), 
meaning that it comes from someplace other than the normal sinus node 
Ectopic. The other thing you’ll notice is that it comes too soon – it’s premature. Coming sooner 
than the normal SA node impulse, the PAC captures the heart, just for that one beat – then that 
ectopic source (an ectopic pacemaker is often called a “focus”) shuts off again, and the regular 
sinus rhythm comes back. To speak impressively, remember to say that the different p-wave “has 
a different morphology, arising from an ectopic focus”.  


  
PACs don’t get physicians worried, as a rule. The thing to worry about is: if they start getting too 
frequent, it may mean that a-fib is coming. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


6-6: Atrial bigeminy – this means that every other beat is a PAC. Again – afib may be coming.  
 


 
 


 
6-7: Atrial Flutter 
 


 
 


Right – here we are in atrial flutter. Pretty!  Remember: a normal, upward QRS means that the 
conduction from the AV node on down is in a normal direction – assuming this is a lead II. That 
means that conduction through the ventricles is happening the way it’s supposed to.  
 
So what are the atria doing here? Who said “fluttering”? (I seem to be visualizing an audience 
here.) Right – the atria, if you looked at them, would be contracting at about what rate – you guys 
know how to count boxes to determine rates, right? We’ll get to that later – in a-flutter, the atria 
contract at a rate around 300 bpm. Are all the signals from the atria being conducted to the 
ventricles? No? Good thing! Would the ventricles have time to fill if every atrial signal made the 
ventricles contract – at a rate of 300 bpm? Nope! What’s the ventricular rate? Six-second strip, 
count the QRS complexes, multiply by 10 – about 100 – close enough to a normal sinus rate to 
tell us that the patient is probably going to generate a decent pressure with this rhythm. 
 
What’s the ratio of atrial to ventricular contractions here? 300 atrial bpm, 100 ventricular bpm – I 
would call this “3-to-one a-flutter”, and I would document the rhythm carefully strip-wise, but 
seeing this rhythm wouldn’t make me very nervous. A-flutter is usually transient – people don’t 
stay in it too long, because they’re usually on the way towards developing a-fib.  


 
Another point worth mentioning – the ventricles are responding to roughly one out of three signals 
here, right? This is called the “ventricular response rate”. Duh. But obviously, it matters a lot, 
because if the response rate gets too high, then the chambers don’t fill, and the pressure drops, 
and etc. What if the ratio were 2-to-1? What would the ventricular response rate be? Around 150 
– not too too fast, but pretty darn fast, faster than I’d like to see my patient go, especially some 
older patient who gets ischemic very easily – what in this case would be called “rate-related 
ischemia”. I would definitely contact OLMC for an episode of 2:1 flutter, for that very reason – in 
the old days physicians would compress one of the carotids to try to provoke the “carotid body 
response” – namely, bradycardia, specifically by slowing AV node conduction – partly a 







 


diagnostic, and partly a therapeutic maneuver. (We used to call this “doing the neck thing”)  You 
would look for the ratio to change – fewer QRS’s.  


 
I got lucky hunting around – here’s a really neat strip of someone “doing the neck thing”, 
otherwise known as “carotid sinus massage”.  


 


 
Nowadays they don’t do the neck thing much any more, since people with carotid disease don’t 
usually enjoy it too well – threatens the brain, and all – although some physicians will do it if they 
don’t hear any carotid bruits on exam. Instead you may see maneuvers with verapamil, 
sometimes metoprolol, sometimes adenosine – I’ve seen all of them work, but my experience 
leans toward verapamil in this situation. I hate adenosine – ten seconds of total terror… 
 
 
6-8: Atrial fibrillation – 


 


 
 


Okay, here’s the nice picture of a-fib that we looked at earlier. A-fib is a pretty similar scenario to 
a-flutter – the atria are doing the worm dance, and only the occasional signal gets conducted 
through the AV node to the ventricles, which is a good thing! Remember, you want the ventricular 
rate to be something like what  the normal sinus rate would be – 60’s to about 100. Let’s do the 
mental thing – what are the atria doing? Is there a nice stable p-wave? No. Can you visualize the 
motion of the atria? Bzzzzz – fibrillating, and not contracting in any organized way.  Signals are 
not coming from organized sources, or “foci”, but from all over the atrial tissue, simultaneously. 
Some signals are getting through the AV node and being delivered to the ventricles – again, they 
speak of “ventricular response rate” – you’ll hear people describe an episode of “rapid afib with 
RVR” – rapid ventricular response  – which may require a quick cardioversion back into sinus 
rhythm to restore a failing pressure. Or the patient might need IV blocking agents of one kind or 
another – betas, calciums, digoxin to bring the RVR down to a rate that produces a better 
pressure.  


 
Once brought under control rate-wise, afib in and of itself is a stable arrhythmia, but it does have 
a couple of significant bad things that go with it: 


 
First, fibrillating atria don’t empty themselves very well. The result is that clots can form in them, 
and if the a-fib suddenly converts back to sinus rhythm, those clots will get shot out into the 







 


circulation – arterial or venous, or both – off to the lungs if on the right side, producing a PE, or if 
on the left, then off to all sorts of interesting places down the arterial tree, such as brain, or foot, 
or mesenteric artery (producing bowel infarct), or elsewhere.  “Paroxysmal a-fib” as a result is 
seen, rightly, as very dangerous. What could you do to prevent this from happening – not the a-
fib, I mean, but the clots? Audience? Right – anticoagulation. Acutely, with heparin, long-term 
with coumadin.   


 
 


Continuing southwards… 
 


Working our way south from the SA node, the next source of arrythmias is the AV node, 
otherwise called the “junction” – or just “the node”, as in producing “nodal rhythms”.  
 


 
6-9: Wandering Atrial Pacemaker &  Multifocal Atrial Tachycardia 


 
Here’s a rhythm you see once in a while – see how the p-waves have a number of different 
morphologies?  The idea here is that the atrial focus shifts from the SA node to the atrial tissue, in 
various places, each of which generates it’s own signal, which goes on to capture. If the rate is 
less than 100, they call it WAP – if it’s over 100, the name changes to Multifocal Atrial 
Tachycardia.  


 
 


6-10: Premature nodal beats 
 
  


 
 
 


Everybody see something strange in beats 5 and 7? Are they early? Sure. Are they PACs? 
There’s no p-wave, is there? But look – the direction of the QRS is normal – this means the signal 
is moving in the normal direction through the ventricles.  


 
These are premature nodal, or junctional beats. No p-wave means they’re not coming from the 
atria.  What’s happening here is that sometimes the junction, for reasons of its own – will 
accelerate somewhat and send out premature beats, which very nicely depolarize the ventricles 
in the normal southward direction. My experience is that these are considered benign – that 
doesn’t mean that they are benign, but I’ve never seen anything done acutely about them.  


 
 
 
 
 
 
 
 
 







6-11: Junctional “escape” beats  


Here’s the opposite of premature nodal activity. Here’s a nodal beat – no p-wave, and normal 
QRS conduction, just like in a sinus beat. But is it early? No – actually it’s a little late. This is a 
rescue situation, not unlike demand pacing. The SA node, for some reason, probably ischemia, is 
slowing – and the AV node, like a demand pacemaker, senses the time difference, and jumps in 
with a beat to replace the one from the SA that never came. They call this an “escape beat” – I 
think of it more as a  “rescue beat”.  The AV node loyally sits there passing along beats from 
above, all it’s life, and then one day, the SA node gets hit by some bad cheeseburger byproduct, 
and the AV node wakes up and starts delivering a rhythm on it’s own. If you’re lucky. If not – you 
know how to work the external pacemaker, right? 


As you work your way through all these rhythms, try to get a sense of which beats are coming 
early, which are coming late, and why. The early, or premature beats are the ectopic ones, 
coming from someplace that they’re not supposed to. The late beats, at least these nodal ones, 
aren’t ectopic really, because they do come from an “intrinsic pacemaker”, right? – the AV node. I 
think of the premature beats as “abnormal” more than I do the nodal ones, except that the nodal 
beats wouldn’t be appearing if the SA node weren’t in trouble… 


6-12: Escape capture bigeminy 


This is a complicated name for the rhythm in which sinus beats alternate with nodal escape 
beats. This is probably happening for an unhappy reason, like MI or ischemia affecting the SA 
node – the AV node is having to rescue the rhythm with every other beat – I’d worry if I saw this 
one, because heart block might be coming. Any disease process that affects the rhythm that 
much has probably done some real damage to the SA node.  


6-13: Junctional rhythms 


medlib.med.utah.edu/kw/ecg/mml/ecg_junctional.html  


Everybody see what’s different about this one – what’s going on here? Let’s be systematic about 
it: are there p-waves? I don’t see any. But do the QRS’s look normal? Yup, normal. So what have 
we got  - let’s visualize this Are the atria doing anything? Not that I can tell, they aren’t. 







 


Ventricles? Yes they are. And since the QRS’s appear normal, this means that the rhythm has to 
be coming from the junction, and going southwards. Everybody see that? What about the rate? 
About 40. Perfect! Junctional  
 
6-14: Accelerated junctional rhythms 
 


 
 
 
This ought to be pretty much the last of the supraventricular rhythms that we’re going to look at. 
I’m sure there are more, but these cover pretty much the ones you run into in the EMS setting.  
 


 
This is a junctional rhythm too, but obviously it’s faster - 80’s - than the normal 40-60 rate that 
you’d expect. Anybody know why this happens? – I have no idea. It’s generally considered 
benign – one thing that does matter however is that the patient loses whatever atrial kick they had 
– this can be as much as 25% of the total cardiac output. Like afib… 


 
 


6-15: What if the atria and the ventricles aren’t talking to each other? How can I tell? 
  
6-15-1: What is AV dissociation? 


 
 


I’ll explain this as I understand it (which is what everybody does, right?) – this can happen in a 
couple of different ways, for a couple of different reasons. Here’s the first one: 


 
 


 
You all know complete heart block when you see it? Look at all those p-waves floating around, 
lonely, on an empty isoelectric sea with no QRS’s to talk to. Here’s how to tell if your patient’s 
atria and ventricles aren’t communicating: it has to do with the relative rates. What’s the atrial rate 
here? Let’s count boxes going to the right from the p-wave just above the “?” in the first line of this 
paragraph: 300-150-100-70 – somewhere in the sixties.  How about the ventricular rate? Yow! – 
wicked slow,– somewhere around 20. And irregular at that. The SA and AV nodes aren’t 
communicating very often, if at all, and the AV node isn’t doing much, although it seems to be 
trying.  
 







 


Is there: 
 


- “A”: any kind of visible relationship between the p’s and the qrs’s that you can 
see?  


 
- Or “B”: are the p’s just sort of appearing in amongst the QRS’s at random? I’d 


say “B”. And is there any kind of predictable ratio between the p’s and the qrs’s? 
Such as 2:1, or even 8:1, or some varying number? Not really.  


 
 


Oh, yeah – just by the way – why is this happening? What would you do in this situation? 
 
 
Here’s the second scenario: 
 
 


 
 
 
The folks who recorded this strip have helpfully put little arrows showing that the p-waves are 
actually popping up all over the place. Even though the last complex looks normal, that’s actually 
just a lucky hit – the atria are doing their thing, and the ventricles are doing theirs, but they’re not 
on speaking terms. Ready for another question? Where are the QRS’s originating? 
 
This is almost the same thing as complete heart block – actually, it probably is complete heart 
block, but difference is in the ventricular rate. Complete heart block usually describes the first 
situation, in which the junction isn’t generating much of a rate at all.  
 
This second strip describes the situation that people call  “A-V dissociation” – it involves the same 
kind of non-communication, and probably for the same reasons: ischemia or MI, but produces a 
different effect. This person is a bit luckier than the one above. Clearly! This time the AV node is 
still able to work in “escape”, or “rescue” mode. But the signal isn’t going across the little bridge 
there, from the a’s to the v’s.  
 
Now – just because this one looks a bit better doesn’t mean that things are ok! Something has hit 
the signal transmission system, hard!, (what kind of MI would it probably be?), remember, the AV 
node is not a reliable pacemaker – it can poop out at unpredictable times, and there you are, up 
the cardiac creek without an escape rhythm to paddle with. 
 
But do you see how the clue to dissociation is that the rates are different? – that’s the clue that 
the nodes aren’t communicating. Usually the atria are inhibited in a junctional tachycardia – 
sometimes a signal coming from the AV node will actually depolarize the atria backwards – 
upwards! This can show up in a couple of ways: the p-wave may be abnormally short, maybe 
upside down, maybe on top of the QRS. All in all – something isn’t right, because the signal 
transmission isn’t happening the right way. Watch these folks carefully.  


 
 
 
 
 
 
 







 


6-15-2: What does “marching out” mean? 
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 


http://aen.org/photos/0205/atlanta.freedom.marching.band.jpg  
 
This is actually simple – it means that impulses, or signals, no matter where they’re coming from, 
are coming regularly: either p-waves, or QRS’s. This is where calipers come in handy. Take 
another look at the strip of complete heart block above. Now take your calipers, and point one 
end at one of those sad little p-waves floating around all alone, and put the other end on the p-
wave nearest to it. Now, holding the calipers with the points in that position, see if the p-waves 
coming before and then after those two are coming in regular rhythm, which on EKG paper 
means: “the same distance apart”. They do on this strip, right? They march out. The caliper points 
always touch two p-waves, no matter which one you use to start with. So now you know that at 
least one pacemaker is trying to work properly. Which one is it? How about the AV node? Do the 
QRS’s march out? Can you even tell? How about in the second strip? 


 
 


Even Further On South…    
 


 
 


6- What ventricular arrhythmias am I likely to see, when should I worry about them, and 
how are they treated? 


 
 


7-1: PVCs  - Premature Ventricular Contractions 
 


   
 
 
 These are pretty easy to recognize. A couple of points to make: 
 


Premature ventricular contractions – they’re early, as in the strip above- which is to say 
they come sooner, or faster, than the sinus beat would. Since they’re faster, they capture.  


 
Ventricular: They’re ectopic, coming from a focus somewhere in, uh… the ventricles!  


 
Why do they look so strange? Let’s put this one to the audience. Why do PVCs look the 
way they do? The clue is: which way is the signal travelling? 







 


 
Why are they happening? Context is everything. If your patient has been in perfect sinus 
rhythm, and suddenly develops PVCs, your task is to figure out if something has 
changed. Or the other way – have the PVCs suddenly gone away? Then again, some 
people have chronic ventricular ectopy – they may even have short bursts of VT – these 
will usually be patients with stretched, boggy hearts: people who have had a couple of 
MIs, people with cardiomyopathy, CHF patients – you get the idea.  
 


 
Things that cause PVCs: by now this should be clear enough – anything that interferes 
with the delivery of blood; things that make the heart unhappy: ischemia, MI, hypoxia, 
electrolyte problems. 


 
PVCs may or may not make a blood pressure.  


 
This is an essential point of “surviving” the arrythmias that you will run into.  Your patient 
may make a fast rhythm of one kind or another, the cardiologists may have a great time 
debating whether it’s “type-2-accelerated-idioventricular-rhythm”, or  “rapid-a-fib-with re-
entrant-something”, or “nonsustained-supraventricular-tachycardia with pre-excitation 
syndrome of the Lown-Ganong something else…” – your immediate problem is what? All 
together now: Is the patient making a blood pressure? If she is, this does not mean 
(obviously) that you can now go for lunch! Get the patient seen by the ER, - the rhythm 
may deteriorate into something you will recognize – as bad! 


 
 
7-1-1: What are couplets? Triplets? 
 


  
 
Couplets are easy – two PVCs in a row. Again, context is everything. Has your patient had 
couplets before? Or never before? Is she doing something clinically – having chest pain, getting 
hypoxic, sweating, getting restless? Is her K+ low, or magnesium? Is she acidotic?  


 
Or is this an improvement? Has she been having long runs of VT, which are now going away 
because you started lidocaine?  


 
 


 
So, couplets: easy to recognize, but don’t forget to try to figure out what they’re telling you. 


 


 
 
Triplets: same as couplets, except three PVCs in a row.  







7-2: What is bigeminy, trigeminy, quadrigeminy? 


Bigeminy means that every other beat is ectopic. Trigeminy means the same, for every third beat. 
Quadrigeminy for every fourth. This strip goes from bi- to tri-.  Once again – put this into context: 
is this acute or chronic?  


7-3: What is a “run”? What is a “salvo”? What is “non-sustained VT?” 


These are all pretty much interchangeable terms for a series of PVCs that’s “longer than a triplet”. 
Some runs are short – maybe 6 beats long, some are lots longer, but the main idea is that the run 
stops by itself, and the rhythm goes back to whatever (hopefully stable) it was before.  


Round up the usual suspects: are the runs coming when the patient is doing something else that 
might indicate trouble? Angina, diaphoresis, changes in electrolytes, hypoxia, fluid overload, 
evolving an MI? What is this run of VT trying to tell you?  


Often artifact problems can be fixed by changing chest electrodes – I usually take them all off, 
and replace the whole set. Another useful trick is to move the electrodes inwards on the chest 
towards the borders of the heart – people who have lost cardiac muscle mass often have very 
small ekg complexes, and you can see them much better this way. 


7-4: VT 


www.mediscan.co.uk


Now things are starting to get a little scary. Now is when you need to remember your ACLS class, 
and/or your defib class.  


Same phenomenon as a triplet, except “sustained”.  VT is really one of the scariest things that 
comes up , along with it’s nasty cousin VF. This might be a good place to talk about lethal 
emergencies.  


- Rule one: do your best to keep from getting panicky.  







 


- Subrule to rule number one: the only way to get over being afraid of these situations is 
to spend a lot of time doing them. Everyone has trouble with this at first. 


 
- Rule two: remember the basics, and keep it simple. 


 
Let’s take a minute at this point, and walk through a scenario briefly. The ECG shows VT you 
check the patient, leads, equipment and there it is – the real thing. You immediately go into VT 
yourself, but because you are probably about a third of your patient’s age, you still make a blood 
pressure, so you can still stay upright.  


 
First move is? Check the patient. 


 
Second move? Always the same – let us stress this: look at the patient.  Is she smiling at you? 
Comatose? Seizing? This is what the CPR course means by “establishing unresponsiveness”. 
You need to know that some patients can make an adequate blood pressure with VT, maybe for 
a short time, maybe for quite a while.  They may be awake, may be having chest pain, may not 
be feeling anything at all. You do not want to start running a code on a patient who is awake! This 
is what ACLS is all about – learning what to do in different situations. 


 
Let’s take the unresponsive scenario. Very important, you must say the following words very 
loudly: “Annie, Annie, are you all right?”. This usually works in class, anyhow. She never says 
much though – unresponsive. You determine that the patient is not responsive. Is the rhythm still 
VT? Old guy that I am, I would thump this patient – I’ve done it enough through the years to know 
that it works sometimes. This has become a debatable move nowadays.  
 


 
Where were we? – oh yes. Keep it simple. Remember that stuff in Basic Life Support CPR about 
A, B and C – Airway, Breathing, and Circulation? Same deal applies. Lethal arrhythmia?- sure, 
you want to shock them, but remember to get the backboard under them, start compressions, 
establish an airway. 


 
Here’s an important point that I try to emphasize: take your time. Doesn’t sound right, does it? But 
look, you’re in control at this point. You have all the personnel and equipment around you that 
you need. You have what – 3 to 6 minutes before the patient sustains anoxic brain damage, and 
that’s if you’re not doing anything!  So you really do have all the time you need. Take a deep 
breath, and take a few seconds, and just think of the ABCs – then get on with the fancy stuff. 


 
One more point. There really is no reason to yell and scream and shout in a code. A well-run 
code is quiet. There may indeed be lots of activity, but the basics, the basics, the basics are being 
done – A, B, and C are established, IV access is established, drugs are coming in, equipment is 
being used – you have a great deal to contribute by staying calm, and communicating your sense 
of calm to the others. You’d be amazed how much this can help. Don’t yell. Speak clearly. Make 
sure someone is in command – it may be you at first! Give the process time – I always say that 
the first, oh, 125 codes are the toughest…(grin!) 
 
 
 
 
 
 
 
 
 
 
 
 







 


7-5: VF – Ventricular Fibrillation 
  


   
Here’s another big scary one. For this one you want to shock them as soon as possible, no 
cardioversion, no synchronization, no nothing but electricity, as quickly as possible. Establish 
ABC, get ACLS going.  
 
 
7-6: What is the difference between “narrow complex” and “wide complex” ventricular 
tachycardia?                              
We’re speaking honestly here? Well honestly, I think there’s a reason why they invented 
cardiologists. Narrow or wide complex, my concern is: are they making a blood pressure? If they 
are – treat appropriately and monitor closely. If they’re not, start a code. This is not to say that 
narrow versus wide doesn’t exist, or matter – they do, and it does, and you will see this kind of 
thing. But the practical principle for you is always the same – is the patient perfusing with this 
rhythm? I guess I should say that my own interpretation is that wider complexes tend to be 
coming from lower down, and therefore are probably VTs – and that narrower complexes are 
probably coming from higher up, and may be things like SVTs – supraventricular tachycardias. 


 
 


7-7: What do I do if I see VT on the monitor? 
 
Pretty much as described above. If the run breaks on it’s own, count the beats in the run, and 
document it that way: “Patient had two episodes of wide-complex tachycardia (ha!), one 22 beats, 
the other 30 beats. O2 sat > 95%, strips taped to flow sheet.”   
 
 
7-8: What if the patient is still awake?  
 
Don’t shock her! Don’t thump her either. Treat appropriately, monitor her closely because she 
may lose her pressure at any time – at which point you can thump, or shock her. Patients in this 
situation are very tenuous - watch them very carefully. Usually the goal here is “chemical 
cardioversion” – up until very recently all these maneuvers were made with lidocaine boluses and 
drips, followed sometimes by procainamide, but now amiodarone has come into the situation. 
Here’s MICU old-timer, speaking from the couch on this subject: “People still use lidocaine in this 
situation because that’s what they always did, so they just keep doing it, but it’s of indeterminate 
value.”  “There have been no studies that show that lidocaine is really effective – it’s all anecdotal. 
There’s been one really good study out of Seattle called the ARREST study, that showed 
significant improvement in this kind of situation when people were treated with amiodarone.”  
 
Update: yup – amiodarone. Either 150 or 300mg IV followed by an appropriate drip… 
  
 
 
 
 
 
 
 







7-9: What if the patient rolls up her eyes and becomes unresponsive? 


This is why you were watching them… 


7-10: What is a precordial thump? Does it work? 


The thump is a carefully delivered punch in the 
chest – (my parents always taught me not to 
hit people, so this is hard for me). The idea is 
to strike downwards with your fist onto the 
middle of the sternum, right around where 
you’d do compressions, from a height of about 
18 inches, full force, hitting with the fleshy part 
of your fist instead of the knuckles. I’ve seen 
this work myself, as I’ve mentioned above, and 
I’d always want people to know how useful it 
can be. You’ll hear the old timers stand up 
when they see VT, and yell: “Hit him!” 


Well, you could do it this way… 


http://www.ingber.com/karate00_keri_no_kata/keri_27.jpg  


7-11: What if I see VF on the monitor? 


Make sure you look at the patient before you code him!  







 


7-12 What is Torsades des Pointes? 
 


 
 
 
 
 
 


 
http://www.ekgreading.com/AVB_torsades.jpg 
 
This is a weird one, and a bit rare, but you should know about it. Torsades is an unusual kind of 
VT. In “normal” VT (ha!), you could think of the electrical signal going through the heart, back and 
forth, through the tissue, zipping along, but always along one axis, one direction of travel. In 
Torsades (they also call it “polymorphic VT” – actually, whichever one you call it, they’ll call it the 
other one…), the axis actually rotates as the arrhythmia goes along – it swings, rotating around 
the heart, as though around a pin stuck in the middle of the heart. There’s a lot of scholarly 
debate about what to do for this arrhythmia – my experience is by the time we’ve done shocking 
them in the regular ACLS way, there’s not much point in arguing. The question then becomes: 
why did they get it?  My understanding is that certain meds are usually the problem – they cause 
the QT interval to get longer and longer, which in turn tends to set off this unpleasant problem. 
I’ve seen Haldol do this, and I’ve seen patients sedated with Haldol get taken off it, as their QT 
interval has been seen to get longer.  
 
Magnesium turns out to be just the thing for Torsades. 
 
 
7-13: What is AIVR? 
 
Here’s how I understand it:  the ventricles can generate their own escape rate, just as the AV 
node can, called the “idioventricular rhythm” – it’s very slow, around 20-40bpm, and it looks like 
this: 


 
See any p-waves? No p-waves. Wide and bizarre?  
Pretty bizarre, anyhow – this and the rate tells you where the rhythm is coming from – low down 
in the ventricles. Very slow – not really fast enough to do what, group?: (all together now) 
“Generate a blood pressure!!” Right. Thank you. 


 
The “A” in AIVR stands for “Accelerated”. Meaning exactly that – the strip shows an 
idioventricular rhythm: no p’s, coming from the ventricles (remember how to tell if it’s coming from 
the ventricles in lead II?) – but an AIVR will be faster than the “normal” idioventricular rate of 20-
40 bpm. Maybe 60, or faster even. Will this rhythm perfuse? Maybe... the ventricles will pump, if 
sort of slowly. Will this patient have, or not have, the benefit of atrial kick?  
 
The mechanism here is like the escape, or “rescue” mechanism in the accelerated junctional 
rhythm. The AV node speeds up, for reasons of it’s own which I certainly don’t know about, (but 
which the cardiologists don’t seem worried about), and so can the ventricular pacemakers speed 
up – and, they capture – assuming they’re running faster than whatever the underlying rhythm is. 
Let’s say you’ve aggressively beta-blocked your patient down to, say, a sinus rate of 50. That’s 
somewhere around the intrinsic junctional rate, correct?  A frisky nodal, or even ventricular 







pacemaker might wake up and capture at a similar rate… “A” - IVR. As long as it’s fast enough, it 
will provide a cardiac output the same way that (slow) ventricular pacing would. 


People don’t get upset much about regular AIVR  - the feeling seems to be: so the ventricle woke 
up and captured, so the patient is a little too beta-blocked, big deal – hold the next lopressor 
dose, I’m going to bed. There’s a rare second kind of AIVR, just in case you really wanted to 
know – irregular AIVR. This one is dangerous – I seem to recall being told that it’s functionally the 
same as complete heart block. I don’t think I’ve ever seen it, unless while watching that sad 
“rhythm of death” you see on the monitor just before your patient passes away… 


7-14: Asystole 


Oh dear… 


8: Things we left out the first time: 


8-1: SVT: Supraventricular Tachycardia 


SVT is nasty, it’s fast, it’s kind of the same as VT except different… let’s think about this one for a 
second.  If ventricular tachycardia comes from the ventricles, and is therefore wide and bizarre… 
and SVT is supra-ventricular, coming from someplace above the AV junction…then what’s it 
going to look like? 


Is it going to be wide? Nope, 
probably not, because it isn’t 
coming the place where the 
wide beats come from… 


This is where the whole discussion about narrow-versus-wide complex tachycardias raises its 
head.  Which is this one? 


What to do? SVT is not the most common arrhythmia, but you need to be ready – as with all of 
them, your worry is: is my patient making a pressure with this rhythm? And will it get worse? 


Well – of course it’s never really that simple…it turns out that there’s about twelve kinds of 
SVTs… 


As a practical matter, I’ve seen regular SVTs-with-a-pressure treated with adenosine: 6mg IV, 
then 12mg; and SVTs-with-a-horrible-BP treated with synchronized cardioversion.  







 


8-2: WPW – Wolff-Parkinson-White Syndrome 
 


(Do they call it “Dubya P. Dubya” in Texas?) 


Nothing very new about this one, and it’s kind of rare, but it’s cool, and pretty interesting to an 
old geek like me.  


WPW stands for “Wolff-
Parkinson-White” syndrome. 
See what the arrow is pointing 
at? At the beginning of the R-
wave, after that really short PR 
interval, there’s a short diagonal 
segment – called the “delta 
wave” - leading up into the 
normal part of the R-wave at an 
angle. Hard to see. “Subtle” is 
the word they use. Not to worry! 


– after about a decade of reading EKGs you’ll have no problem at all. Maybe two. Yeesh! 


http://www.medlib.med.utah.edu/kw/ecg/mml/ecg_12lead018z.html    


 


Here’s some more – see the delta waves? 


The significance is actually serious: people with WPW have an extra 
conduction tract built into their hearts by accident, called the “accessory 
pathway”, which goes around the AV node, connecting the atria and 
ventricles directly. The accessory tract lets conduction signals go back 
around and around into the normal pathway instead of having them sent 
along towards the ventricles, producing a very rapid paroxysmal SVT. 
Treating the SVT: valsava maneuvers, putting the face in ice water (hmm – 
not sure how I feel about that one…), or verapamil, or adenosine. (Giving 
adenosine always makes me feel like I’ve gone into an SVT… and no matter 
how much of a valsava I do, it doesn’t seem to fix the patient. Maybe I should 
start putting my face in ice water…) 


Here’s a quote from the “Virtual Naval Hospital”: “Patients with WPW should 
not be treated with maintenance dose verapamil or digoxin, regardless of the 
response of their PSVT to acute administration. Symptomatic patients with 
WPW should be treated with cardioversion or IV procainamide, and referred 
to a cardiologist for electrophysiologic evaluation.”  


 


http://medlib.med.utah.edu/kw/ecg/mml/ecg_12lead018z.html . 


 


 







 


 







Heart Blocks        
 
 
 
As usual, please remember that this is not meant to be an official reference, but is supposed to 
represent the information that a preceptor would pass on to a new orientee. 
 
 
 
 
  


1- What is a heart block? 
2- What exactly is being “blocked” in heart block? 


2-1- The key idea: all of the time, some of the time, none of the time… 
  2-2- It can not be that simple… 


3- Why do heart blocks happen? 
4- What are the three types, or degrees of heart block? What is a “dropped beat”? 


  4-1- A normal rhythm for reference. 
  4-2- First degree heart block. 
  4-3- Second degree heart block. 
   4-3-1- Second degree, type 1: Wenckebach/ Mobitz 1 
   4-3-2- Second degree, type 2: Mobitz 2 
  4-4- How I tell them apart? 
  4-5- Third degree (complete) heart block. 


5- A puzzler… 
6- What is the treatment for heart block? 


 
 
 
 
 
 
 
1- What is a heart block? 
 
Heart block is a kind of arrhythmia, usually caused by ischemia or an MI. There are three kinds, 
or degrees of heart block, and although sometimes people get confused about them, actually 
they’re pretty simple to understand. 
 
 
2- What exactly is being “blocked” in heart block? 
 
The signal from the SA node is trying to get to the AV node, and it’s being slowed down, or 
blocked altogether – it’s having a hard time getting through. The result is that the SA signal going 
through the atria makes a normal P wave, but if that signal doesn’t trigger a response from the AV 
node, no QRS gets produced – so you’ll see a P wave that isn’t followed by a QRS. The QRS 
represents ventricular depolarization – so what? So what is: no depolarization, no contraction, no 
blood pressure!  
 
 
 
 
 
 
 
 







 2


 
 The signal is trying to get from here… 
 


 
  
 
  To here… 
 
 
 
 
 


 
 
www.arrhythmia.org/ general/whatis/ 
 
 
2-1- Here’s the key idea - the signal is either getting through: 
 
1- All the time (but taking a little longer than usual). 
2- Some of the time. 
3- None of the time. 
 
Got that? All, some, or none of the time. And see, those are the three kinds, or degrees of heart 
block: first, second, and third degree. All, some, or none. 
 
2-2- It can not be that simple… 
 
Sure it can. This is one of those things that people get scared of, and they build it up in their 
heads as if it were this enormous mysterious thing, like running a nuclear reactor 
 
 
 
3- Why do heart blocks happen? 
 
Heart blocks usually happen when the patient is having ischemia, or an MI. The blood supply to 
the nodes is interrupted, or reduced, and they become unhappy – but at least in this regard, they 
do it in recognizable ways. 
 
What kind of MI or ischemia commonly produces heart blocks? 
 
 
4- What are the three types, or degrees of heart block? What is a “dropped beat”? 
 
4-1- First of all, here’s a normal strip for reference: 
 


 
 
Right – a quick bit of review. See the P wave? Now, see where it meets the QRS? Actually, that 
first upright part of the QRS is the R wave - there’s no Q-wave here. – basically you don’t want to 
see them, because they mean the patient has gotten into the tissue necrosis stage of an MI.  
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So – no Q waves here. Ok… so the first, upright move of the QRS complex is the R wave, right? 
So the measurement from the beginning of the P wave, until it hits the R wave, is called (surprise) 
the P-R interval.  A normal PR interval is supposed to be no more than .20 seconds – which is 
five little boxes, or one big box on the EKG paper. Calipers definitely help here. 


Now. remember what the PR interval actually is? That’s to say, not how long it is, but what it 
actually means? It shows the movement of an electrical depolarization signal along the path 
through the atria, from the SA node in the right atrium, to the AV node at the atrioventricular 
junction.  


Say what? 


Remember, the signal is trying to travel from the SA node to the AV node,  and from there it goes 
on southward to make the QRS complex as it goes through the ventricles.  


If the PR interval is normal, then the signal is traveling from the SA node to the AV node in a 
normal amount of time. 


Okay so far? Onwards… 


4-2- First degree heart block. 


Right – here we are in first-degree heart block. Look at the PR interval now – see how long it is? 
Longer than .20 seconds, anyway. So that means that it’s taking a longer-than-normal time for the 
signal to go from node to node: SA to AV.  It gets there every time, and goes on through the AV 
node to make a QRS – and therefore a ventricular contraction - but it takes longer than it’s 
supposed to.  


4-3- Second degree heart blocks: 


This is where a lot of the confusion comes in. It really isn’t all that hard. Look at the P-waves in 
the wenckebach strip below. Some of them have no QRS after them. This is what’s meant by a 
“dropped beat”. The SA node fires off a signal down the conduction path to the AV node, but the 
AV node doesn’t respond by starting a QRS – in fact, nothing happens. The SA node just 
continues shooting off signals at it’s own rate, and some of the time the signals get through the 
AV, and some of the time they don’t. If you’re lucky, enough of the beats are conducted to the 
ventricles that your patient can still make a blood pressure. If you’re not lucky…what would you 
do for that patient? 


Next confusing bit: there are two kinds of second degree heart block. And just to make things 
really interesting, the first of the two kinds has two different names. But only the first. Just in case 
it wasn’t complicated enough already. 


4-3-1- Second Degree Heart Block, Type 1:  Wenckebach/Mobitz 1 
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Here’s the first kind. This rhythm is called Wenckebach. It’s also called Mobitz 1. Why it should 
have these two names, I have no idea – anybody know? Co-discovered, probably. 


See the dropped beats?  The signal is getting through to the AV node some of the time. Mobitz 1 
is actually considered pretty benign – you see it in some patients in and around the time that 
they’re having an MI, but it turns out that the rhythm usually disappears after the event, and  
doesn’t cause many problems. Not the one to worry about. (I worry anyway, but hey, I’m old.) 


Here’s Karel Wenckebach himself. Doesn’t look very happy. Missed out on 
Mobitz 2… poor guy. 


4-3-2- Second Degree Heart Block, Type 2/ Mobitz 2 


Now, here we are in second degree, type 2, “Mobitz 2”. This one only has one name. Where was 
Dr. Wenckebach for this one? I bet his kids are really jealous of those Mobitz kids – they have 
two named after dad! Or was it mom? 


http://www.grundkurs-ekg.de/rhythmus/e_av_block_2_mobitz.jpg   


This is the kind of second degree that you don’t want to see – it turns out that  
Mobitz 2 frequently progresses to the big bad heart block – namely: complete, or third degree 
heart block. 


So – if the first kind is (relatively) good, and the second kind is bad, (really bad) – it becomes 
pretty important to be able to tell them apart. 


4-4- How do I tell them apart? 


It’s all about the PRs… look at the PR intervals of the beats leading up to the dropped one. In 
Mobitz 1, the PRs do what? -  they get longer, longer, longer, and then there’s a dropped beat. 


Now look at Mobitz 2. What do those PRs do? They stay the same, the same, then a beat gets 
dropped.  
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See?  Not so hard. It’s either: “longer longer longer, drop” – or,  “the same, the same, the same, 
drop”. 
 
“Longer” comes first, so that’s type 1. 
 
“The same” is second – that’s type 2.  
 
If you say “Longer, longer, longer, drop”, and then “The same, the same, the same, drop”, in the 
car, or the shower a few times, you’ll never forget it again.  
 
 
 
4-5-  Third degree – complete heart block. 
 
This is the big bad one. This time, none of the P-waves are conducted to the AV node. Once 
again, luck and the condition of the patient come into it – if the patient still has a functioning AV 
node, and if the goddesses are smiling, the AV node will generate a rate by itself : a “nodal”, or 
“junctional” rhythm – remember the intrinsic rates? SA node is what?: 60 to 100 beats per minute, 
AV node is 40 to 60. But – you wouldn’t be having a heart block problem if the AV node were still 
functioning reasonably, would you? So the AV node may just sit there, probably ischemic, either 
unable to do anything or only generating an occasional beat. In that case, you wind up with 
something like this: 
 


 
 
Ack! Can this patient generate a blood pressure? Nuh-uh!  And the P-waves are only coming at a 
rate of about 60 – this is a very bad situation. But of course you were ready – what would you do 
in this situation?  
 
 
5-  A Puzzler: 
 
Here’s a puzzler: what’s this one? 
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Well, are the P-waves being conducted? Some of them are, right?-  not every P is followed by a 
QRS - so this has to be a type 2;  a second -degree heart block. What kind is it? (Do you see that 
this was a trick question?)  
 
You can’t tell what kind of second-degree this is. You need a series of PR intervals to look at to 
be able to tell, remember? – either “longer, longer, longer”, or  “the same, the same, the same” 
before a dropped beat. There are certainly dropped beats here – lots of P-waves with no QRS’s 
after them. But there’s no series of PRs to look at that will tell you which of the Mobitzes this is. 
So it could be the nice one, or it could be the bad one – you can’t tell. So which do you prepare 
for? 
 
 
6-What is the treatment for heart block? 
 
Again, it depends on which degree your patient is having. First degree I’ve never seen treated 
just because it’s there – but if it’s there because of something like a high digoxin level, or because 
the patient has been started on a combination of cardiac meds that might combine to block 
conduction – then maybe you need to think about those meds. Combining blockades can 
definitely produce these rhythms. 
 
Second degree – still depends. Type one – watch it carefully, because it’s probably associated 
with an MI process. Type 2- watch it really carefully, because that’s the one that progresses to 
third degree. Have atropine nearby, have a external pacemaker nearby… I’d go ahead and put 
the pacing pads on the patient, and you would actually do well to go ahead and figure out what 
the capture threshold is for the patient.  
 
 
Third degree – emergently. If you even think that the patient has a chance of going into third 
degree/complete heart block, get the equipment ready as in Mobitz 2, Test the external pacer, 
make sure it’s capturing, and leave it on in demand mode.  
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Activated Charcoal  (Charcoal Slurry) 


 
Classification: 
 


Chemical absorbent 


Actions: Inhibits gastrointestinal absorption of drugs or 
chemicals 
 


Indications: Suspected overdose or accidental ingestion of drugs 
or chemicals 
 


 
Contraindications:   
 


   
 


• Altered level of consciousness 
• No gag reflex 
• Ingestion of caustics, corrosives, or petroleum 


distillates 


Adverse effects: • Vomiting 
• Aspiration 
 


Adult Administration: 50 gm PO 
 


Pediatric Administration: 1-2 gm/kg (Maximum dose 100 gm) 
 


Onset: Immediate 


Duration:   24 hours 
 


Pregnancy Safety: Not established 
 


Comments:  • Milk products ingested prior to activated charcoal 
can reduce its effectiveness 


• Most effective if administered within 30 minutes of 
ingestion 
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Adenocard  (Adenosine) 
 
 


Classification: 
 


Antidysrhythmic agent 


Actions: Slows conduction through the A-V node,  can interrupt the 
re-entry pathways through the A-V node, and can restore 
normal sinus rhythm in patients with PSVT 
 


Indications: Supra-ventricular tachycardia (stable) 
 


 
Contraindications:   
 


   
 


• Patients with a known history of atrial fibrillation 
• Patients with a known history of atrial flutter 
• 2nd or 3rd degree heart block 
• Sick sinus syndrome 
• Hypersensitivity to adenosine 
 


Adverse effects: • Facial flushing 
• Headache 
• Dizziness 
• Dyspnea 
• Nausea/vomiting 
• Chest pressure 
• Transient asystole 
• Bronchoconstriction in some asthma patients 
 


Adult Administration: 6 mg Rapid IVP followed with 10 cc NS flush 
2 repeat doses of 12 mg q 2 minutes PRN 
 


Pediatric 
Administration: 


0.1 mg/kg rapid IVP followed with 10 cc NS (maximum 
dose 6 mg).   MR in 3 minutes at 0.2 mg/kg (maximum 
dose 12 mg.) 
 


Onset: Immediate 


Duration:   10 seconds 
 


Pregnancy Safety: Category C 
 


Comments:  1/2 life is “10 seconds” 
 
A brief period of asystole (up to 15 seconds) following 
conversion, followed by resumption of NSR is common 
after rapid administration 
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Albuterol Sulfate  (Proventil, Ventolin) 
 


Classification: 
 


Bronchodilator 


Actions: Relaxes bronchial smooth muscle by stimulating 
beta2 receptors resulting in bronchodilation 
 


Indications: • Acute asthma 
• Allergic reaction 
• COPD/bronchitis 
• Bronchospasm 


 
Contraindications:   
 


• Prior hypersensitivity reaction to Albuterol 
• Symptomatic tachycardia 
• Chest pressure 


Adverse effects: • Tachycardia 
• Hypertension 
• Palpitations 
• Dizziness 
• Dysrhythmias 
• Restlessness 
• Nausea 


Adult Administration: 2.5 mg/3 mL NS via nebulizer.  If severe distress 
persists, initiate continuous Albuterol via nebulizer, 
not to exceed 15 mg/hr. May also be administered 
via facemask, BVM, or ETT. 


Pediatric 
Administration: 


2.5 mg in 3 cc NS via nebulizer. If severe distress 
persists, repeat at .5 mg/kg hr to a maximum of 15 
mg/hr 


Onset: Within 5 minutes 


Duration:   3 - 4 hours 


Pregnancy Safety: Category C 


Comments:  Use with caution in patients with:  
• Heart disease 
• Hypertension 
• Tachydysrhymias 
• Patients being treated with MAO inhibitors 
• Patients that are hypersensitive to 


sympathomimetics 
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Aspirin  (ASA, Acetylsalicylic Acid) 
 


Classification: 
 


Antiplatelet, Analgesic, Antipyretic, Anti-inflammatory  
 


Actions: Inhibition of platelet aggregation and platelet synthesis 
Reduction of risk of death in patients with a history of 
myocardial infarction or unstable angina 
 


Indications: Chest pain with suspected myocardial ischemia 
 


 
Contraindications:   
 


   


• Allergy to ASA 
• Peptic ulcer disease 
• Patients who have taken ASA in the last 12 HRS 
• Hypersensitivity to salicylates 
 


Adverse effects: • Nausea-GI upset 
• Hepatotoxicity 
• Occult blood loss 
• Anaphylaxis 
 


Adult Administration: 2 tablets 160 - 162 mg (chewable baby ASA) PO 
Pediatric Administration: Not recommended for prehospital use 


 
Onset: 30-60 minutes 


Duration:   4-6 Hours 
 


Pregnancy Safety: Pregnancy safety: Consult M.D., not recommended in 
third trimester 
 


Comments:  Salicylism signs and symptoms: dizziness, tinnitus, 
difficulty hearing, nausea, vomiting, and mental 
confusion 
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Atropine Sulfate  
 


Classification: Parasympathetic blocker (Anticholinergic) 


Actions: Inhibits parasympathetic stimulation by blocking 
acetylcholine receptors 
 
Decreases vagal tone resulting in increased heart 
rate and AV conduction 
 
Dilates bronchioles and decreases respiratory tract 
secretions 


Indications: • Symptomatic bradycardia 
• Asystole 
• Pulseless electrical activity HR < 60 (PEA) 
• Organophosphate poisoning (OPP) 
• Pre-intubation for patients <20 kg or <5 years of 


age 


Contraindications:   
 


Not significant in the above indications 


Adverse effects: • Tachycardia 
• Increased myocardial 02 demand 
• Headache 
• Dizziness 
• Palpitations 
• Dries mucous membranes 
• Nausea/vomiting 
• Flushed skins 


Adult Administration: Bradycardia: 0.5-1 mg IVP q 5 min to 
maximum of 3 mg. 1-2 mg 
via ET tube q 5 minutes to 
maximum of 3 mg 


Asystole/PEA: 1 mg IVP q 3-5 minutes 
to maximum of 3 mg. 1-2 
mg via ET tube q 3-5 
minutes to maximum of 3 
mg 


OPP: 2 mg IVP q 5 minutes until 
heart rate >80 BPM or 
symptoms clear. Higher 
doses may be ordered by 
Base M.D. 
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Pediatric 
Administration: 


Bradycardia: 0.02 mg/kg IVP. Minimum 
dose of 0.1 mg and a 
maximum dose of 0.5 mg for 
a child; 1.0 mg for an 
adolescent. This dose may 
be repeated after 5 minutes 
for a maximum total dose of 
1.0 mg for a child and 2.0 
mg for an adolescent 


OPP: Administer per Poison 
Control guidelines 


Pre-intubation:  In patients <20 kg or <5 
years of age, administer 
atropine 0.02 mg/kg IV 
minimum dose – 0.1 mg 
(Maximum dose 1.0 mg) 


Onset: 2 – 5 minutes 


Duration:   20 minutes 


Pregnancy Safety: Category C 


Comments:  Bradycardia in Pediatrics is usually due to hypoxia 
Max adult dosage of atropine is 3mg for atropine 
given via ET tube 
Antihistamines, phenothiazines, and tricyclic 
antidepressants enhance the effects of atropine 
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Calcium Chloride  (CaCL2) 
 


Classification: 
 


Inotropic Agent (electrolyte) 


Actions: Couples electrical and mechanical events of the 
myocardium 
Increases myocardial contractility 
Increases ventricular irritability 


Indications: • Hyperkalemia 
• Overdose of calcium channel blockers 


Contraindications:   
 


Patients taking digitalis based medications 


Adverse effects: • Bradycardia 
• Hypotension 
• Syncope 


Adult Administration: Administer 10 mg/kg slow IV push 


Pediatric 
Administration: 


Administer 0.2 mL/kg slow IV push 


Onset: 5 – 15 minutes 


Duration:   Dose dependant (effects may persist for up to 4 
hours) 


Pregnancy Safety: Category C 


Comments:  Hyperkalemia may be caused by potassium retention 
in dialysis patients or overdose of potassium 
supplements 
Causes tissue necrosis if injected into interstitial 
space 
Flush the IV line if Sodium Bicarbonate is used 
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Dextrose 50% in 
Water 


(D50W, Glucose) 
 


Classification:  Hyperglycemic agent, hypertonic solution 


Actions: Provides immediate source of glucose which is 
rapidly utilized for cellular metabolism 


Indications:  Altered level of consciousness due to suspected 
hypoglycemia 


Contraindications:  None 


Adverse effects: • CVA 
• Intra-cranial hemorrhage 
• Thrombophlebitis 
• Rhabdomyolsis 
• May worsen Wernicke’s encephalopathy 


Administration: (b.s. =<80 mg/dL) 50 mL (25 gm) IVP. MR once 


Pediatric: 1 mo –2 yrs (b.s. < 60 mg/dL) – D25W 2-4 mL/kg 
IV/IO (Max. 25 grams). 
 
<1 mo (b.s. < 40 mg/dL) D10W 1-2 mL/kg IV/IO 
(Max. 25 grams). 


Onset: 30 - 60 seconds 


Duration: Depends on level of hypoglycemia 


Pregnancy Safety:  Category A 


Comments:  Causes tissue necrosis if injected into interstitial 
space 
Dilute 50:50 with sterile water to make a 25% 
solution 
Dilute 5:1 with sterile water to make a 10% solution 
May increase cerebral ischemia in CVA 
Use as large a vein as possible 
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Diphenhydramine (Benadryl) 


 
Classification:  Antihistamine 


Actions: Competes with histamines at receptor sites 
Reverses muscle spasms associated with dystonic 
reactions (phenothiazine) 


Indications:  • Allergic reactions 
• Muscle spasms associated with dystonic 


reactions 


Contraindications:  • Glaucoma 
• Acute asthma 
• COPD 
• Pregnancy 


Adverse effects: • Hypotension 
• Drowsiness 
• Tachycardia 
• Bradycardia 
• Dry mouth 


Administration: 25 – 50 mg IVP or IM 


Pediatric: 1 mg/kg slow IVP/IO/IM or PO (maximum of 25 mg) 


Onset:  1-5 minutes if given IVP 
15 minutes if given IM 


Duration: 3-4 hours 


Pregnancy Safety:  Category B 


Comments:  May cause depressed level of consciousness in 
elderly patients 
Overdoses result in seizures, coma, and death 
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Dopamine (Intropin) 


 
Classification:  Sympathomimetic agent (Catecholamine) 


Actions: Low dose (1-2 µg/kg/min) 
Dilates renal and mesenteric arteries by stimulating 
dopaminergic receptors 
May decrease BP due to vasodilation 
Moderate dose (2-10 µg/kg/min) 
Increases inotropy (force) without increasing 
chronotropy (heart rate)   


Increases BP by stimulating beta1 receptors 
High dose (over 10 µg/kg/min) 
Causes vasoconstriction. Increases inotropy and 
chronotropy 
Increases BP by stimulating alpha and beta1 
receptors 


Indications:  • Cardiogenic shock 
• Distributive shock 


Contraindications:  • Hypovolemia 


Adverse effects: • Hypertension (High doses) 
• Hypotension (Low doses) 
• Tachycardia 
• Dyspnea 


Administration: 5-20 µg/kg/min. IV infusion 


Pediatric: 10 µg/kg/min. via volutrol with micro drip 


Onset:  5 minutes 


Duration: 5-10 minutes 


Pregnancy Safety:  Not well established 


Comments:  Causes tissue necrosis if injected into interstitial 
space 


MAO inhibitors may increase the effects of dopamine 
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DOPAMINE DRIP CHART 


 
Run pre-mixed Dopamine 400 mg in 250 cc solution  


via micro drip (60 gtts/cc) tubing at the following rates: 
(Note: Dial-a-Flow device requires an additional 


 calculation to convert ml/hr to gtts/min) 


  5 Mcg 10 Mcg 15 Mcg 20 Mcg 


Weight/Kg gtts/min gtts/min gtts/min gtts/min 


40 8 16 24 36 


50 10 20 30 40 


60 12 24 36 48 


70 14 28 42 56 


80 16 32 48 64 


90 18 36 54 72 


100 20 40 60 80 


110 22 44 66 88 


120 24 48 72 96 


130 26 52 78 104 


140 28 56 84 112 


150 30 60 90 120 


160 32 64 96 128 


170 34 68 102 136 


180 36 72 108 144 
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Dopamine Clock Method 
  
1) Multiply the patients weight in Kg x 10 (i.e., 80 x 10 = 800) 
  
2) Find the 800 on the outside of the clock and the corresponding number on 
the inside of the clock will give you the number of drops per minute to equal 10 
mcg/kg/min. 
  
3) To give 5 mcg/kg/min just divide the inside number in half. To give 20 
mcg/kg/min, double the inside number. 
 
4) Run the dopamine via either micro drip tubing or macro drip tubing with a 
Dial a Flow device. 
  
  
  
 


 
 


1600 
 


15 gtts min45 gtts min
 


30 gtts min


60 gtts min
 


1200 
 


400 
 


800 
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Epinephrine 
Hydrochloride 


(Adrenalin) 
 
 


Classification:  Sympathomimetic agent (Catecholamine) 


Actions: Increases cardiac output due to increased inotropy, 
chronotropy, and AV conduction (beta1) 
Cardiac output and vasoconstriction (alpha) 
Relaxes smooth muscles of the respiratory tract 
(beta2) 
Increases coronary perfusion during CPR by 
increasing aortic diastolic pressure 


Indications:  • Cardiopulmonary arrest: 
-Ventricular fibrillation 
-Pulseless ventricular tachycardia 
-Asystole 
-Pulseless electrical activity (PEA) 


• Allergic reaction/anaphylaxis 
• Asthma 
• Refractory pediatric bradycardia, unresponsive 


to oxygen and ventilation 


Contraindications:  Not significant in the above indications 


Adverse effects: Hypertension-tachycardia 


Administration: Cardiopulmonary arrest: 
IV administration: 1:10,000 1 mg q every 3 - 5 


minutes 
ET administration: 1:1000 2 mg q every 3 - 5 


minutes 
 
Allergic Reaction: 
0.3 mg of 1:1,000 SQ, may repeat in 10-20 minutes 
for a total of two doses.  (Pulseless/unresponsive - 
refer to appropriate cardiovascular protocol) 
 
Asthma: 
0.3 mg of 1:1,000 SQ, may repeat in 20-minute 
intervals.  (Pulseless/unresponsive - refer to 
appropriate cardiovascular protocol) 
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Pediatric: Cardiac Arrest: 
Initial dose: 
IV/IO: 0.01 mg/kg (1:10,000, 0.1 ml/kg) 
ET: 0.1 mg/kg (1:1000, 0.1 ml/kg) 
Repeat doses:  
IV/IO/ET: 0.1 mg/kg (1:1000, 0.1 ml/kg) every 3 -5 
minutes 
 
Allergic Reaction/Asthma: 
0.01 mg/kg (max. 0.3 mg) of 1:1,000 SQ, 
may repeat in 10-20 minutes for a total of 2 
doses.  (Pulseless/unresponsive:  Refer to 
appropriate cardiovascular protocol) 


 
Refractive Bradycardia 
IV/IO: 0.01 mg/kg (1:10,000, 0.1 ml/kg) repeat dose 
0.1 mg/kg (1:1,000, 0.1 ml/kg) every 3-5 minutes 


Onset:  Immediate if given IVP 
5-10 minutes if given SQ/IM 


Duration: 3-5 minutes if given IVP 
20 minutes if given SQ/IM 


Pregnancy Safety:  Category C 


Comments:  High dose epinephrine may be ordered by the Base 
Station physician 
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Furosemide (Lasix) 


 
Classification:  Loop diuretic 


Actions: Increases urinary output by inhibiting the 
reabsorption of sodium chloride in renal tubes 
Causes venal pooling due to vasodilatation 


Indications:  Pulmonary edema/congestive heart failure 


Contraindications:  • Hypovolemia 
• Pregnancy 


Adverse effects: • Hypotension  
• Transient hearing loss 
• Hypokalemia 


Administration: 40 - 80 mg slow IVP over 2 - 4 minutes 


Pediatric: Not recommended for prehospital use 


Onset:  5 - 10 minutes 


Duration: 2 - 3 hours 


Pregnancy Safety:  Category C 


Comments:  Rapid administration may cause permanent hearing 
loss 
If patient’s blood pressure drops below 100 mmHg, 
discontinue furosemide administration 
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Glucagon  


 
Classification:  Hyperglycemic agent (pancreatic hormone) 


Actions: Elevates blood glucose by converting liver glycogen 
into glucose 
Increases cardiac output by increasing inotropy and 
chronotropy 
Stimulates the release of catecholamines 
Relaxes smooth muscle of the gastrointestinal tract, 
bronchioles, and blood vessels 


Indications:  • Hypoglycemia 
• Beta blocker OD 
• Allergic reaction 


Contraindications:  Not significant in the above indications 


Adverse effects: Nausea/vomiting 


Administration: Hypoglycemia: 1 mg IM 
Allergic reaction:      2 - 4 mg IV push or IM 
Beta blocker OD:  2 - 4 mg IV push or IM 


Pediatric: Hypoglycemia:         0.1 mg/kg IM (maximum 1 mg) 
Allergic reaction:       0.1 mg/kg IV push or IM  
Beta blocker OD:      0.1 mg/kg IV push or IM 


Onset:  1 - 3 minutes if given IVP 
5 - 20 minutes if given IM 


Duration: 15 - 20 minutes if given IVP 
15 - 30 minutes if given IM 


Pregnancy Safety:  Category B 


Comments:  Use with caution in patients with cardiovascular 
disease 
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Lidocaine 
Hydrochloride 


(Xylocaine) 
 


Classification:  Antidysrhythmic agent 


Actions: Suppresses ventricular dysrhythmias by decreasing 
ventricular irritability 
Increases fibrillatory threshold by elevating the 
electrical stimulation of the ventricles 
Depresses conduction in ischemic tissues 
May reduce ICP 


Indications:  • Ventricular dysrhythmias: 
- Ventricular tachycardia (VT) 
- Ventricular fibrillation (VF) 


• Post cardioversion or defibrillation of ventricular 
rhythms 


• Head injured patients (pre-intubation) 


Contraindications:  • Second-degree heart block, Mobitz II 
• Third degree (complete) heart block 
• Junctional bradycardia 
• Ventricular ectopy associated with bradycardia 
• Idioventricular or escape rhythms 


Adverse effects: • Lightheadedness 
• Bradycardia 
• Confusion 
• Hypotension 
• Seizures 
• May be pro-arrhythmic 
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Administration: VF/VT no pulses:  
1.0 - 1.5 mg/kg IV push or double the dose via ET 
tube.  May repeat in 3 – 5 minutes. (Maximum dose 
3 mg/kg.) 
 
VT with pulses:  
0.75 - 1.0 mg/kg slow IV push.  If rhythm persists, 
repeat ½ initial dose in 5 –10 minutes. (Maximum 
dose 3 mg/kg). Continuous infusion at 2 to 4 
mg/minute may be ordered 


 
 
(Continued) 
Head injured patients requiring intubation:  
1.5 mg/kg IV push. (Maximum dose 100 mg).  Dose 
should be administered two minutes prior to 
intubation attempt, when feasible 


Pediatric: VF/VT no pulses:  
1 mg/kg via IV/IO/ET. If rhythm persists, repeat dose 
in 10 minutes (maximum dose 3 mg/kg.). Only bolus 
therapy shall be used in pediatric patients 


 
VT with pulses:  
1 mg/kg via IV/IO/ET. If rhythm persists, repeat dose 
in 10 minutes 


 
Head injured patients requiring intubation: 
1 mg/kg IV. (Maximum dose 50 mg.)  Dose should 
be administered two minutes prior to intubation 
attempt, when feasible 


Onset:  45-90 seconds 


Duration: 10-20 minutes 


Pregnancy Safety:  Category B 


Comments:  For patients who are 70 years or older, have CHF, 
chronic liver disease or are in impaired circulatory 
states, the repeat doses of lidocaine should be half of 
the initial dose 
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Magnesium 
Sulfate 


(MgSO4) 
 


Classification:  Antidysrhythmic, Electrolyte 


Actions: Controls ventricle response rate 
Increases the movement of potassium into cells 
Blocks the release of acetylcholine 


Indications:  • Ventricular fibrillation pulseless ventricular 
tachycardia (VF/VT) 


• Ventricular tachycardia with a pulse 
• Post conversion of VF/VT 
• Torsades de Pointes 
• Seizures related to eclampsia 


Contraindications:  • Hypersensitivity 
• Sinus bradycardia 
• Pediatrics 


Adverse effects: • Hypotension 
• Hypertension 
• Dysrhythmias 
• Facial flushing 
• Diaphoresis 
• Depressed reflexes 
• Bradycardia 


Administration: Refractory VF/Pulseless VT: 
2 gm in 10 cc normal saline IV bolus 


Eclampsia, post conversion from VF/VT, and VT with 
a pulse:   
2 gm in 10 cc normal saline slow IV push over 1-2 
minutes 


Pediatric: Not recommended for prehospital use 


Onset:  Immediate 


Duration: 3-4 hours 


Pregnancy Safety:  Category A 


Comments:  Magnesium is a naturally occurring positive ion 
present in all cells of the body 
Use the most proximal port possible for 
administration 
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Midazolam (Versed) 


 
Classification:  Short-acting benzodiazepine, CNS depressant 
Actions: Reduces anxiety, Depresses CNS function, Induces 


amnesia 
Indications:  • Seizures 


• Pre-synchronized cardioversion 
• Treatment of agitation during inter-facility 


transfers of psychiatric patients 
 


Contraindications:  • Hypotension 
• Hypersensitivity 


Adverse effects: • Hypotension 
• Respiratory depression 
• Headache 
• Nausea 


Administration: Patients under 50 kg – administer in 0.5 mg 
increments IV push (Max. 5 mg) or 1.5 mg IM. May 
repeat IM dose once. 
Patients over 50 kg – administer 1 mg initial dose 
followed by 0.5 mg increments IV push (Max. 5 mg) 
or 2 mg IM. May repeat IM dose once. 


Pediatric: 0.1 mg/kg diluted in 3-5 cc NS, slow IV/IO push 
titrated to effect (not to exceed 5 mg total) or 0.1 
mg/kg IM (not to exceed 2.5 mg total). 
 


Onset:  IV/IO: 3-5 minutes; dose dependent 
IM: 15 minutes 


Duration: 2-6 hours; dose dependent 


Pregnancy Safety:  Category D 


Comments:  May cause apnea, especially in children and the 
elderly 
Effects are intensified by ETOH or other CNS 
depressant medications 
Be prepared to support respiration 
Carefully monitor the patient’s vital signs including 
EKG and pulse oximetry 
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Morphine 
Sulfate 


(M.S., M.S.O.) 
 


Classification:  Narcotic analgesic 


Actions: Produces analgesia by inhibiting the ascending pain 
pathways 
Depresses the central nervous system by interacting 
with receptors in the brain 
Causes venous pooling due to peripheral 
vasodilatation resulting in decreased systemic 
vascular resistance and decreased venous return 


Indications:  • Moderate to severe pain 
• Pain associated with transcutaneous pacing 
• Snakebite 
• *Chest pain of suspected myocardial origin 


Contraindications:  • Patients with ALOC 
• Pain of unknown etiology 
• Patients at risk of respiratory depression 
• Head injury 
• Hypovolemia 
• Blood pressure <100 
• Multi-system trauma 


Adverse effects: • Respiratory depression 
• Hypotension 
• Seizures 
• Bradycardia 
• Altered mental status 


Administration: Slow IVP: 2-10 mg at 2-4 mg/minute. Titrate to pain 
relief. 
IM: 5-10 mg (one time only) 


Pediatric: >6 months old = 0.1 mg/kg slow IVP or IM 
<6 months old = 0.05 mg/kg slow IVP or IM 
(Maximum dose 6 mg) 


Onset:  Immediate if given IVP, 5-30 minutes if given IM or 
SQ 


Duration: 3-5 hours 


Pregnancy Safety:  Category C 


Comments:  Controlled substances act of 1970 Category II drug 
* Morphine Sulfate shall only be administered to chest 
pain patients with a Base Physician order 
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Naloxone (Narcan) 


 
Classification:  Narcotic antagonist 


Actions: Reverses the effects of narcotics by competing for 
opiate receptor sites in the central nervous system 


Indications:  • Suspected narcotic overdose 
• Altered level of consciousness 


Contraindications:  Not significant in the above indications 


Adverse effects: • Hypertension 
• Tremors 
• Nausea/vomiting 
• Dysrhythmias 
• Diaphoresis 


Administration: 2 mg IVP or ET. May be given IM if unable to 
establish IV. Repeat in 5 minutes. PRN 


For patients chronically taking narcotics, administer 
in 0.4 mg increments titrated to effect 


Pediatric: 0.1 mg/kg IVP, IM, or ET. MR q 5 minutes PRN 
maximum dose 2.0 mg 


Onset:  Immediate if given IVP or ET. 5-10 minutes if given 
IM 


Duration: 20-30 minutes 


Pregnancy Safety:  Category B 


Comments:  Rapid reversal of narcotic effects may lead to 
combative behavior 
May not reverse hypotension 
Observe for: seizures, hypertension, chest pain, and 
severe headache 
May be administered via ET, but should be given 
prior to intubation whenever possible 
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Neosynephrine (Phenylephrine) 


 
Classification:  Synthetic sympathomimetic agent 
Actions: Produces long-acting vasoconstriction without 


chronotropic or inotropic actions on the heart 
Indications:  Pre-treatment for BNTI 
Contraindications:  None 
Adverse effects: • Headache 


• Reflex bradycardia 
• Excitability 
• Restlessness 


Administration: Spray into each nostril for 1-2 seconds 
Pediatric: Not applicable 
Onset:  Immediate 
Duration: 20-50 minutes 
Pregnancy Safety:  Category C 
Comments:  Adverse effects are minimal when neosynephrine is 


applied topically 
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Nitroglycerin 
Spray 


(Nitrostat, NTG) 
 


Classification:  Vasodilator 
Actions: • Dilates arterial and venous vessels resulting in 


venous pooling 
• Reduces preload and afterload resulting in 


decreased myocardial workload and reduced 
oxygen demand 


• Relaxes all smooth muscle 
• Dilates coronary vessels resulting in increased 


perfusion of the myocardium 
• Relieves coronary vasospasm 


Indications:  • Chest pain of suspected myocardial origin 
• Congestive heart failure/cardiogenic pulmonary 


edema 
Contraindications:  • Signs/symptoms of neurological deficit 


• Systolic blood pressure of <100 mm/Hg 
• Recent use of Viagra® (within 24 hours) 


Adverse effects: • Hypotension 
• Nausea/vomiting 
• Headache 
• Postural syncope 


Administration: Chest pain: 0.4 mg (1 spray) SL. May repeat q 5 
minutes until pain free 
CHF/pulmonary edema: 0.4 mg (1 spray) SL. May 
repeat q 5 minutes to a maximum of 3 doses 


Pediatric: Not recommended for prehospital use 
Onset:  1-2 minutes 
Duration: 15-30 minutes 
Pregnancy Safety:  Category C 
Comments:  Healthcare provider may experience adverse effects 


if accidentally inhaled or absorbed 
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Nitrous Oxide (Nitronox, N20:02) 
 


Classification:  Analgesic gas 
Actions: Produces rapid, reversible relief from pain 
Indications:  • Fractures 


• Sprains 
• Amputations 
• Soft tissue injuries 
• Burns 
• Low back pain (below level of thoracic spine) 
• Snakebite 
• Kidney stones 
• Contact Base Station for any other use 


Contraindications:  • Administration in ambulance or small confined 
space 


• Patient unable to hold mouthpiece/mask 
• Severe COPD 
• Decompression sickness 
• Head injury 
• GCS <14 
• Hypotension 
• Pregnancy 
• Sedated or intoxicated patients 
• Pneumothorax 
• Bowel obstruction 
• Chronic ear or sinus infection 
• Chest / upper back pain from any cause 


Adverse effects: Hypotension 
Dizziness/lightheadedness 
ALOC 
Nausea/vomiting 


Administration: Nitronox is self-administered 
Pediatric: Nitronox may be administered to any age patient as 


long as they are able to follow instructions and hold 
mouthpiece/mask 


Onset:  2-5 minutes  
Duration: 2-5 minutes 
Pregnancy Safety:  Category X 
Comments:  Discontinue use: Once in back of ambulance, if 


patients become hypotensive, or if adverse effects 
become severe 
Higher elevations require higher concentrations of 
Nitrous Oxide:        Above 4000 ft: 60/40 
                              Below 4000ft: 50/50 


Controlled Substance Act of 1970 category III drug 
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Oxygen (O2) 


 
Classification:  Gas 
Actions: • Oxidizes glucose to provide energy at the cellular 


level 
• Essential for normal metabolic function (aerobic 


metabolism) 
Indications:  Whenever oxygen demands may be increased 
Contraindications:  Not significant in the above indication 
Adverse effects: Not significant in the above indication 
Administration: • For patients without respiratory distress: give 2 L 


of oxygen per minute by nasal cannula 


• For patients with mild respiratory distress: give 5 
to 6 L of oxygen per minute 


• For patients with severe respiratory distress, 
acute congestive heart failure, or cardiac arrest: 
use a system that provides a high-inspired 
oxygen concentration (preferably 100%) 


• Titrate oxygen up or down according to oxygen 
saturation value keeping saturation above 95% 


• Patients with chronic COPD may normally 
maintain saturation values below 95%; do not 
withhold oxygen if patient is in distress 


• In the most serious cases: move quickly to 
advanced airway devices, intubation, and 100% 
oxygen. 


Pediatric: Same as above 
Onset:  Immediate 
Duration: Up to 30 minutes 
Pregnancy Safety:  Category A 
Comments:  • Oxygen therapy should never be withheld 


from a patient in respiratory distress 


• Use with caution in COPD patients and 
observe for changes in respiratory and mental 
status 


 
 


Oxygen (Cont.) 
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Oxygen 
Devices 


 
 


Nasal 
Cannula: 


• Starting device; provides up to 44% oxygen 


• A nasal cannula is a low flow system in which the tidal volume 
mixes with ambient gas (room air). Inspired oxygen 
concentration depends on the flow rate through the cannula 
and the patient’s tidal volume 


 
• Increasing oxygen flow by 1 L/min (starting with 1L/min) will 


increase the inspired oxygen concentration by approximately 
4%: 


 1 L/min: 24% 
 2 L/min: 28% 
 3 L/min: 32% 
 4 L/min: 36% 
 5 L/min: 40% 
 6 L/min: 44% 


Face 
Mask: 


Up to 60% oxygen can be supplied through the oxygen port at  
6 to 10 L/min 


Face 
Mask with 
Oxygen 
Reservoir: 


• Provides up to 90% to 100% oxygen 


• In this system a constant flow of oxygen enters an attached 
reservoir. Each liter-per-minute increase in flow over 6 L/min 
will increase the inspired oxygen content by 10%: 


 6L/min: 60% oxygen 
 7L/min: 70% oxygen 
 8L/min: 80% oxygen 
 9L/min: 90% oxygen 
 10L/min: almost 100% oxygen 


Use a face mask with a reservoir for: 
• Patients who are seriously ill, responsive, and spontaneously 


breathing and require high oxygen concentrations 
• Patients who may avoid tracheal intubation if acute 


interventions produce a rapid clinical effect (patients with 
acute pulmonary edema, COPD, severe asthma) 


• Patients who have relative indications for tracheal intubation 
but have clenched teeth or other physical barriers to 
immediate intubation (e.g., head injury, CO poisoning, or near 
drowning) 


These patients may have diminished levels of consciousness and 
may be at risk for nausea and vomiting. A tight fitting mask always 
requires close monitoring. Suctioning devices should be 
immediately available 
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Sodium 
Bicarbonate 


(NaHCO3) 
 


Classification:  Alkalinizing agent 
Actions: Combines with hydrogen ions to form carbonic acid 


Increases blood pH 
Indications:  • Cardiopulmonary arrest states when drug 


therapy and/or defibrillation have not been 
successful 


• Overdose of tricyclic antidepressants (cardiac 
toxicity) 


Contraindications:  Not significant in the above indications 
Adverse effects: • Metabolic alkalosis 


• Pulmonary edema 
Administration: 1 mEq/kg IVP. May repeat ½ initial dose every 10-15 


minutes throughout arrest 
Pediatric: 1 mEq/kg IVP 
Onset:  Immediate 
Duration: 30-60 minutes 
Pregnancy Safety:  Category C 
Comments:  Flush IV tubing before and after administration  
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Sodium Chloride 
0.9% 


(Normal Saline) 
 
 


Classification:  Isotonic solution 
Actions: Replaces fluid and electrolytes lost from the 


intravascular and intracellular spaces 
Indications:  • Initial fluid replacement in hypovolemia and 


dehydration 
• Intravenous access for drug administration 


Contraindications:  Not significant in above indications 
Adverse effects: Circulatory fluid volume overload 
Administration: • Flow rate dependent on patient’s condition 


• Titrate to response of vital signs 
• Fluid challenge=250-500 cc 


Pediatric: • Flow rate dependent on patient’s condition 
• Titrate to response of vital signs 
• Fluid challenge=20 cc/kg 


Onset:  Immediate 
Duration: Remains in intravascular space less than one hour 
Pregnancy Safety:  Category A 
Comments:  Monitor infusion rate closely and auscultate breath 


sounds prior to administration 
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Reference 
Section 


Dosage Calculations: 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


To calculate the amount of drug to be drawn up or 
administered, the following information is required: 
 
⇒WHAT  Type and amount of drug ordered 
⇒QUANTITY Volume of fluid in the container 
⇒HAVE  Amount of drug in the container 


 
To calculate the amount of drug to be drawn up or administered, 
use the following formula: 
 
WHAT multiplied by the QUANTITY divided by HAVE = the 
amount to be administered. 
 
Example: 


The Base Hospital orders Benadryl 75 mg IVP. Benadryl 
comes as an ampule containing 50mg/mL. How many mL 
should be given? 
 
 WHAT x QUANTITY        75mg x 1 mL       


  HAVE      50mg 
 
Another way of conversion is:   
 


DOCTOR’S ORDERS ÷ WHAT’S ON HAND x VOLUME 
 DO           75mg x 1 mL  
 OH                 50mg 
 
 
To calculate the desired dose to be administered according to 
body weight, convert the pounds to kilograms and multiply by 
the given dose. 
 
Example: 


The Base Hospital orders Sodium Bicarbonate 5 
mEq/kg for a patient weighing approximately 200 
pounds. How many mEq will be administered: 


 
Divide 200 lb. by 2 = 100kg, then multiply by 2 mEq.  
100 kg x 2 mEq = 200 mg. 
 


 


=  1.5mL =  


x VOLUME  =  1.5mL =  
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Flow Rate Calculations 


To calculate the flow rate of an IV in gtts per minute, you 
must have the following information:  


⇒ VOLUME The amount of fluid to be infused 
⇒ DRIP FACTOR Number of drops per milliliter 
⇒ MINUTES/TIME Time of the infusion 


To calculate the flow rate of an IV solution use the following 
formula: 


VOLUME x DRIP FACTOR         
             MINUTES


Example: 
The Base Hospital orders a fluid challenge of 100 cc NS 
to be infused over 20 minutes. The IV tubing drip factor is 
20 drops/milliliter. The flow rate should be adjusted to how 
many drops per minute: 


100 cc x 20 gtts/cc      2000 gtts 
20 minutes       20 min 


The Base Hospital orders an IV of 1000 cc NS to run at 
120/cc. The drip factor of the IV tubing is 10 drops/cc.  
The flow rate should be adjusted to how many drops per 
minute: 


120 cc x 10 gtts/cc      1200 gtts            
60 minutes               60 min 


=


= 100 gtts min 


= = 20 gtts/min  


=


Number of drops/minute 
to the solution 
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Key To Controlled Substances Categories 


Products listed with the numerals shown below are subject to the 
Controlled Substances Act of 1970.  These Drugs are 
categorized according to their potential for abuse.  The greater 
the potential, the more severe the limitations on their 
prescription. 


CATEGORY   INTERPRETATION 


         II High potential for abuse. Use may lead to 
severe physical or psychological 
dependence.  Prescriptions must be written 
in ink, or typewritten, and signed by the 
practitioner. Verbal prescriptions must be 
confirmed in writing within 72 hours, and 
may be given only in a genuine emergency.  
No renewals are permitted. 


         III Some potential for abuse.  Use may lead 
to low-to-moderate physical dependence or 
high psychological dependence.  
Prescriptions may be oral or written.  Up to 5 
renewals are permitted within 6 months. 


         IV Low potential for abuse.  Use may lead to 
limited physical or psychological 
dependence.  Prescriptions may be oral or 
written. Up to 5 renewals are permitted 
within 6 months. 


          V Subject to state and local regulation.  
Abuse potential is low; a prescription may 
not be required. 
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Key To FDA Use-In-Pregnancy Ratings 


The Food and Drug Administration’s Pregnancy Categories are 
based on the degree to which available information has ruled out 
risk to the fetus, balanced against the drug’s potential to the 
patient.  Ratings range from “A”, for drugs that have been tested 
for teratogenicity under controlled conditions without showing 
evidence of damage to the fetus, to “D” and “X” for drugs that are 
definitely teratogenic.  The “D” rating is generally reserved for 
drugs with no safer alternatives.  The “X” rating means there is 
absolutely no reason to risk using the drug in pregnancy. 


CATEGORY   INTERPRETATION 


        A Controlled studies show no risk.  
Adequate, well-controlled studies in pregnant 
women have failed to demonstrate risk to the 
fetus. 


        B No evidence of risk in humans.  Either 
animal findings show risk, but human findings 
do not; or, if no adequate human studies 
have been done, animal findings are 
negative. 


        C Risk cannot be ruled out.  Human studies 
are lacking, and animal studies are either 
positive for fetal risk, or lacking as well. 
However, potential benefits may justify the 
potential risk. 


        D Positive evidence of risk.  Investigational or 
post-marketing data show risk to the fetus.  
Nevertheless, potential benefits may 
outweigh the potential risk. 


        X Contraindicated in pregnancy.  Studies in 
animals or human, or investigational or post-
marketing reports have shown fetal risk, 
which clearly outweighs any possible benefit 
to the patient. 
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Formulary Abbreviations* 


* This list of
abbreviations 
only covers 
this Prehospital 
Formulary.  For 
a complete list 
of County 
approved 
abbreviations 
refer to the  
El Dorado 
County EMS 
Agency Policy 
and Procedure 
Manual.     


ASA aspirin
AV atrio-ventricular
BP blood pressure
BPM beats per minute 
b.s. blood sugar
cc  cubic centimeter 
CHF congestive heart failure
COPD chronic obstructive pulmonary disease 
CNS central nervous system 
CVA cerebral vascular accident 
Deciliter dL
EKG electrocardiogram
ET endotracheal 
ETAD esophageal tracheal airway device 
ETOH alcohol
GCS Glasgow coma scale 
GI gastro-intestinal
gm  gram 
gtt  drop 
HR heart rate
IM intramuscularly
IO intraosseous
IV intravenous
IVP intravenous push
kg  Kilogram 
lb  Pound 
L Liter
MAO monoamine oxidase
mcgtt  microdrip 
mEq  milliequivalent 
mL  mililiter 
mg  milligram 
MR may repeat
NS normal saline
NSR normal sinus rhythm 
OD overdose
OH on hand
OPP organophosphate poisoning
PEA pulseless electrical activity 
PO  by mouth 
PRN  as needed 
PVC premature ventricular contraction 
q every
SOC state of consciousness 
SQ subcutaneous
U  unit 
µg  microgr 
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Equivalents 


1 kg     = 2.2 lb 
1 kg     = 1000 gm 
1 gm    = 1000 mg 
1 L       = 1000 mL 
1 mL    = 60 mcgtts (micro tubing) 
1 mL    = 10/15/20 gtts (macro tubing) 
1 mL and 1 cc are interchangeable 
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