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THE HISTORY

Surgeons popularized regional anesthesia in the late 

1900’s.  They used it to block 

“surgical shock!”
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PAIN

Pain is:

• Very subjective

• Complex

•  multifactorial causes

• Requires a multimodal, multifaceted 

pharmacological approach



C E N T R A L  
N E U R A X I A L  
B L O C K A D E

Involves the placement of 

local anesthetic solution 

onto or adjacent to the 

spinal cord. 

Presenter Notes
Presentation Notes
It’s important to understand basic anatomy to know how regional anesthesia works. 
If anesthesia is placed around the nerves of the central nervous system, such as a spinal anesthesia, caudal, epidural, and a combined spinal/epidural.  



V E R T E B R A L  
C O L U M N

• Extends from the base of the skull to the tip of 

the coccyx.

• Includes vertebral bones and fibrocartilaginous 

intervertebral disks

 33 vertebra:

• Cervical-7

• Thoracic- 12

• Lumbar- 5

• Sacrum- 5 fused vertebra

• Coccyx- 4 fused vertebra

(Refer to the photo in the previous slide)

Presenter Notes
Presentation Notes
What the vertebra acts as a protective mechanism to the spinal cord and all the spinal nerves that live there. 

12 thoracic –aka- ribs 



T H E  S P I N A L  C A N A L

Presenter Notes
Presentation Notes
The spinal cord and meninges (coverings)
Fatty Tissue
Venous Plexus


-So, if you see the vertebra on the right there, you then see the spinal cord in the middle that make up the pia mater, arachnoid and dura mater. It’s solid up top, but then turns into what looks like steel cords put together, then you’ll see you’ll notice those figure-like nerves branching out off the side. That middle portion is called the Cauda Equina and Cauda equina means horse’s tail. That cauda equina is what you’re targeting in spinal anesthesia and the cauda equina is what takes up the medication and helps it take its effect on the body. 

I want to draw your attention to the picture on the left.  This is a view looking down into the spinal collum. If you notice, coming off the spinal cord are spinal nerves. Another thing I want you to notice is not only do we have bone and veins going through to keep everything oxygenated.  It also takes away nasty substances away as well.  



S P I N A L  C O R D

The spinal cord is a long, thin, 

tubular bundle of nervous tissue 

and support cells that extends 

from the brain down to the to 

the space between the 2nd and 

3rd lumbar vertebra.

Presenter Notes
Presentation Notes
 Of course, the spinal allows the brain to talk to every part of our body.  Our spinal cord of course is also very, very important.  We have all heard about people having spinal cord injuries resulting in paralysis or the loss of movement in limbs. Because its so important, there are a lot of protective layers around it. Not only the bones of the spine, but also meninges or meningeal layers to protect from any type of layers…Layers labeled here.



S C ,  C O N T I N U E D

Meninges:

1. Pia Mater: Directly covers the 

spinal cord

2. Arachnoid Mater: Contains the 

cerebrospinal fluid

3. Dura Mater: Directly attached to 

the arachnoid mater

Spaces:

Epidural Space

Subdural Space

Subarachnoid Space

Presenter Notes
Presentation Notes
Heres a different picture of the same thing, but you can see the layers a little better.  These spaces are the target of the local anesthetics when placing a spinal or epidural.  The reason being is the spinal nerves branch out beyond those meningeal layers what happens is the spinal nerves branch out beyond those meningeal layers which is where the target is. 



S P I N A L  N E R V E S

Cervical-8

Thoracic- 12

Lumbar- 5

Sacral- 5

Coccygeal-1

Presenter Notes
Presentation Notes
The entire length of the spine has spinal nerves. Generally speaking, spinal anesthesia aka subarachnoid block…those terms are used interchangeably… are only able to administer that medication to about Lumber #2 and below, because that’s where the spinal cord ends. 



L I G A M E N T S

1. Supraspinous Ligament

2. Interspinous Ligament

3. Ligamentum Flavum

4. Anterior/Posterior Longitudinal 

Ligaments

Presenter Notes
Presentation Notes
Supraspinous Ligament
Interspinous Ligament- Connect adjacent spinous processes
Ligamentum flavum- Connects the mania of the adjacent vertebrae
The primary supportive ligaments of the vertebral column. Binds bodies and provides stability.

We have really nice, dense ligaments that help hold our vertebra together and enable us to move, stand up straight, stretch, touch our toes, etc. Those ligaments also act as identifying marks for injecting for regional anesthesia. There is a difference in the needle when pushing through the dense ligament. 



T I S S U E  L A Y E R S  
T R A V E R S E D  B Y  A  
S P I N A L  N E E D L E

(In the Subarachnoid Space)

1. Skin 

2. Fat

3. Supraspinous Ligament

4. Intraspinous Ligament

5. Ligament Flavum -EPIDURAL SPACE

6. Dura Mater

7. Arachnoid Mater-          
SUBARACHNOID SPACE

Presenter Notes
Presentation Notes
The spinal & epidural techniques are blind. They are done by knowing the anatomy and the type of “feel” the needle gives going through. Does it feel like butter, or am I feeling resistance with the density of the ligaments?  The layers feel different. 

The ligmentum flavum is known as the anesthesiologist's favorite ligament because it is so dense and really can feel it well with the needle. Just past the ligamentum flavum is the epidural space. 

Subarachnoid block, we want it in that subarachnoid space. Epidural=in between the ligamentum flavum and the dura matar. 

On an average sized patient, the distance from the skin to the ligamentum flavum is about 3-8cm. 
The space between the ligamentum flavum to the dura is <8mm. Very small space. 




1 .  S P I N A L  A N E S T H E S I A

Subarachnoid block,

SAB, 

Intrathecal Block

Local anesthetic injected into the subarachnoid space. 

Indications: 

• Operations of the lower abdomen, perineum, and lower extremities

• Anesthesia for a cesarean delivery

• Pt with a medical condition that requires consciousness

• Pt that is high risk for general anesthesia

• T4 level limitations

Procedure/Physiology:

• LA (Local anesthesia) is injected into the CSF and bathes the spinal 

nerves. 

• Conduction of impulses are blocked

• Motor, Sensory, and Autonomic blocked.

Presenter Notes
Presentation Notes
-These are done for any type of surgery for lower extremity, c-section, abd. Surgery or in surgeries where were we require the patient’s to be awake.
-Substantial cardiac or pulmonary issues, because general an. Is tough on those organs. 
-but there are limitations to spinal anesth. We cannot go higher than t4/above the level of the chest, they wouldn’t be able to breath, etc. 

Autonomic nervous system is usually first…  when anesthesia is given to a group of nerves, it blocks everything. I can’t be separated from anything.

Move to slide 18





M O T O R ,  S E N S O R Y ,  
&  A U T O N O M I C  

C L A S S E S

1. Motor- Conveys messages for muscles for muscles to                                                                      

contract, blocking results in paralysis.

2. Sensory- transmits sensations such as touch and pain between          

the spinal cord and the brain, blocking results in numbness

3. Autonomic- nerves control the caliber of blood vessels, heart rate, gut contraction                                    

and other functions not under conscious control

 Autonomic and pain fibers blocked first, then motor (generally) 



Consequences Resulting from Spinal Anesthesia
P H Y S I O L O G I C A L  

1. Hypotension

2. Bradycardia

3. Nausea and vomiting

4. Alteration in sensorium

5. Urinary retention

S T R A T E G I E S  T O  M I N I M I Z E  C A R D I O V A S C U L A R  E F F E C T S

Administer Administer atropine for bradycardia

Administer Administer vasopressors as needed

Administer Administer IV Fluid

Administer Administer oxygen

Achieve Achieve only sensory block necessary for procedure
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Presenter Notes
Presentation Notes
More often than not, when someone becomes hypotensive, they become very nauseas and want to vomit. That’s the first sign…when the patient says, “I feel like I’m going to throw up,” we should be checking their blood pressure. 

Alteration in sensorium- that’s what we want to achieve in a block…we want sensation to be eliminated from the area of need. 

Urinary retention is not as often…they cannot feel the sensation of needing to empty the bladder. 

The higher the spinal, the more effects we’ll see. We will only put the spinal as high as it’s needed. 

Sometimes when a higher spinal is done, patients will say, “ I feel like I can’t take a deep breathe.” Those muscles around the ribs start to become anestetized, which help with that. A spinal does not take out the diaphragm, but sometimes it freaks people out sometimes. 




F A C T O R S  E F F E C T I N G  L A  
S P R E A D  W I T H I N  T H E  

S U B A R A C H N O I D  S P A C E

PATIENT CHARACTERISTICS
Age

Height
Weight
Gender

Intra-abdominal Pressure
Anatomic Configuration of the Spinal Column
*Position (immediately following injection)

TECHNIQUE OF INJECTION
Site of Injection

Direction of injection (needle bevel)
Turbulence (rate of injection, barbotage)

CHARACTERISTICS OF SPINAL FLUID
Baricity
Volume

Circulation
Pressure (Cough, Strain, Valsalva)

CHARACTERISTICS OF INJECTATE
*Baricity of Injectate (hyper, hypo, or isobaric)

Amount of Anesthetic (mass of injectate)
Concentration of anesthetic

Volume injected
Vasoconstrictors

Presenter Notes
Presentation Notes
We want the medication to spread and not stay in one little spot. 

Characteristics of what we are injecting & what are we injecting into:
The density of both of those fluids will make an impact the spread of the anesthesia. 

-Baricity of injected. –How heavy the medicine is.  
hyper= really heavy
hypo= light
Isobaric= right in the middle



Cerebrospinal fluid




B A R I C I T Y

Presenter Notes
Presentation Notes
The general type of spinals done by anesthesia provides are hyperbaric because they are more predictive. 
Hyperbaric , lying flat on their back it will fall to the lower parts of the body, lower extremities because it’s heavy & gravity.

Hypobaric is very light and tends to travel up

Something interesting is we can make someone hyperbaric solution with D50 dextrose solution. 

We can make an isobaric solution using the patient’s own cerebral spinal fluid. 

Left hip surgery, with a subarachnoid block, lay the patient down on the left side and all they hyperbaric LA will drop down to that left hip. 




N E E D L E S  U S E D :

Introducer Needle- 18-20G ----1.5 in. long

Spinal Needle-

• Have a matching stylet in them

• Most are 3 – 3.5in  long

• 22, 25, 27, 30 G

• Have a notch machined into one side of their hub 
with stylet fitting withing it; notch matches the 
bevel (notch is bevel up)

Presenter Notes
Presentation Notes
In a spinal tray, we will find and introducer needle usually 18-20g and 1.5in long. 

There are many spinal kits with different spinal needle options.  Spinal needles also come individually packaged because there are so many to choose from as well as difference sizes, based on the needs of each patient. 

Cutting needle- Quinke- actually cut through the meningeal layers, can see how they would slice through. Vs. these other two that are pencil-point needles that push their way through.

It’s important to know and understand which needles are what. cutting vs. pencil point 





Cutting Needles: Quincke, Tuohy, and Pitkin

Pencil Point (Spreading) Needles: Whitacre, Sprotte, and 

Greene

 

T Y P E S  O F  S P I N A L  N E E D L E S :

Quincke Whitacre Sprotte



Contraindications to Neuraxial Blockade

Absolute
• Infection at the site of injection

• Patient Refusal

• Coagulopathy or other bleeding 
problems

• Severe hypovolemia

• Increased ICP

• Severe aortic stenosis

• Severe mitral stenosis
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Relative
• Sepsis

• Uncooperative patient

• Preexisting Neurological deficits

• Stenotic valvular heart lesions

• Severe spinal deformity

• Complicated surgery

Presenter Notes
Presentation Notes
“Subarachnoid or intrathecal blocks”

No infection-

If the patient says no. 

Coagulopathy issues is a major concern.  The patient could be on medication that is thinning the blood, and they can bleed out or they have a condition or syndrome that doesn’t allow their blood to clot well or at all. Remember those vessels that live within the vertebra…could cause a major problem if one of those are poked.  

Increased ICP- it could be very dangerous to inject medication into that subarachnoid space where the CSP lives could increase the ICP even more.  

Patients with aortic & mitral valve stenosis cannot tolerate hypertension at all.  



E X A M P L E S  O F  
W H E R E  T H E  
N E E D L E S  G O

• Spinal Anesthetic

• Epidural Catheter

Presenter Notes
Presentation Notes
Epidural anesthesia isn’t all that different, but it’s just in a different spot.  We’re looking at epidural medication. The medication is going in before the dura.  The difference is a catheter is inserted into that space. 






Local Anesthetic injected into the epidural space

2 .  E P I D U R A L / C A U D A L  A N E S T H E S I A

Indications:

• Analgesia alone, where surgery is not contemplated (i.e., childbirth)

• As an adjunct to general anesthesia (i.e. AAA, GYN)

• Sole technique for surgical anesthesia (c-section, BKR)

• Post-operative analgesia (continuous infusion of LA or opioids)

• For the treatment of back pain (steroid injections)

• For the treatment of chronic pain or palliative care (terminal care)

Presenter Notes
Presentation Notes
Ascending aortic aneurysm. 

Gynecological 



Procedure:

• LA is injected into the epidural space

• LA bathes the nerve roots in the epidural space

• The volume injected determines the spread of the block

• The site of injection also determines the spread/level of the block

Presenter Notes
Presentation Notes
Here we have an example of an epidural insertion and a caudal.  A Caudal can only be done on a child and we don’t thread a catheter. It is still an epidural, but we find the epidural space and inject medication.  Children have an open area in the sacral area to inject in.  When they turn about 10 years old that space closes up. 

Why do we choose an epidural over a spinal??

An epidural can be dosed so the patient can still move and not have total numbness like a spinal provides. 

An adjunct to anesthesia can be used on top of general anesthesia. 

The spinal nerves that come out of the side of the spinal cord, are targeted through this procedure. With an epidural, it’s more about the amount of LA that’s given.  In this case we are not concerned about Baricity like we are in a spinal. 





N E E D L E  U S E D :
T U O H Y

Presenter Notes
Presentation Notes
The Tuohy needle can be used for a single injection or their specific kits the “continuous epidurals” that have a catheter that you can thread through. The catheter is then threaded into the epidural space and reside there for several days for post-op surgical pain and up to 6 weeks from chronic pain. 

It’s a larger needle because it has to be able to thread a catheter through it. 



P O S I T I O N I N G :
S I T T I N G  P O S I T I O N

• No Torque

• Chin on chest

• Arms resting on knees

• “Mad Cat” or Shrimp Curve

• Footstool/Table to support feet

Presenter Notes
Presentation Notes
This is how we help as anesthesia techs. This bottom photo is the perfect example of what it would look like in the OR.  

Positioning in general for either a spinal or epidural. 

Positioning in the mad cat or shrimp position opens up the spinus processes. It opens up the bones of the spinas processes

I’ll say it again, positioning is everything… some patients anatomically have a funny spine, and we can’t change that, but the goal is to get their spine as straight as possible to then get them in the optimal position for the procedure. 
I know a lot of providers that ask patients to rock back forth from the side to get their butt cheeks out from under them. If you’re sitting on one side like this, this gets them leveled out. If we are able to get a stool under their feet, a pillow for them to hug, and an anesthesia tech to support them, 9 times out of 10 it’s going to go well. 




N E E D L E  
P O S I T I O N

If the patient curls forward, 

more room is made for a needle 

to pass through. 

Presenter Notes
Presentation Notes
Our job is the make sure that the patient's spine is straight.  The slightest movements to the patient’s position can make them unaligned. 

Allowing the patient to lean forward really allows the spinas processes to open up really well for a needle to be able to pass through. 
All of the spinals are done at the lumbar level. 


Look at the difference between the thoracic vertebra. An Epidural can be done at the thoracic level or the lumbar level, but look how tough it can be the right angel.  Positioning is really everything when it comes to being successful in these procedures.



L A T E R A L  P O S I T I O N :

• Shoulders perpendicular to bed

• Positioned with hips on edge of bed

• Hugging pillow/knee chest position

• Knees curled up into the body

Presenter Notes
Presentation Notes
Heres another example how the spine can be manipulated for a spinal. It’s especially different for women because us women have hips. It throws the spine off it’s curvature just a little bit more than it would for a man.  It’s not impossible, because it’s done all the time, but sometimes it’s a little harder. It’s certainly easier having a patient sit and do this, but in some cases this has to be done for a patient because of their inability to sit up. 

The lateral position is a great alternative for elderly patients,  or anyone that has a broken hip and cannot sit up correctly. As the tech, we would still be supporting the patient, standing directly in front of them, making sure their knees are nice and tucked in (like the fetal position), supporting their shoulders also being tucked into towards the bed, all while making sure they are also still breathing.  The pulse ox and an oxygen mask is usually placed before any of the positioning takes place.  It’s not uncommon for a patient to be placed in that position and start holding their breath because of the pre-medications they’re given in pre-op. 



• Areas of the skin that 

connect to a specific 

nerve root on the spine

Presenter Notes
Presentation Notes
Dermatomes:

How we identify the height of the spinal or epidural block. It works from the ground up. Once it spreads up it will wear off and regress downward. It’s a great way to know where the spinal is spreading and if it’s wearing off. 

Can you feel me here, can you feel me here, etc. Same goes for in the recovery room, you can ask the patient the same thing and see where it’s regressing…usually want to see it progress downward. It used to be around T3, now the patient can feel sensation all the way down to about T7. 
We check for dermatomes because we need to be able to check for a “High Spinal.” If a spinal is placed on a patient, we lay them down to get them ready for surgery and all of a sudden, the patient says, “ I can’t feel my pinky fingers and my other fingers are starting to feel numb.” Well let's look at  the chart here…the pinky fingers are at level what? C8! Is that about T4.  You bet it is!! 
C8 is offly scary.  It’s the patient’s verbalizing numbness in those little fingers, we need to start getting out stuff ready for an emergency intubation, because the diaphragm is about to be paralyzed. 

This is why dermatomes are so important to understand, this is our rough guide. Individuals are going to respond to spinal anesthesia differently and that’s to be expected, but generally speaking, always be prepared for those patients that can surprise you. 




POTENTIAL 

COMPLICATIONS:

Spinal/Epidural 

Anesthesia
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1. High Spinal- Unintentional subarachnoid injection when attempting an 

epidural, too much LA improper position

2. Post Dural Puncture Headache (PDPH)- caused by a decrease in the 
CSF available in the subarachnoid space through a leak created by the 
dural puncture with a needle. 

3. Neurologic Injury- caused by direct needle trauma, infection, drug-

related toxicity, hematomas

4. Backache-debatable

5. Vascular Injury

6. Local Anesthetic Toxicity- because of an overdose of LA or an 
unintentional vascular injection

7. Meningitis/Sepsis

Presenter Notes
Presentation Notes
The spinal goes higher than you intended it to go…you could have positioned the patient perfectly, but it still went too high…or the provider just injected way too much! Not going to throw anyone under the bus, but it was unintentional. 

The other time it can happen is an epidural is trying to be done, but the tip of the needle is in the subarachnoid space. Remember how small the spaces are of the epidural space is. Less than 8mm right! The patient moves, maybe the provider moves the needle …whatever the case may be, this results in sometime much different. Theres a lot more volume of anesthesia given in an epidural than in a spinal and the result can be a “High Spinal.”

Rare for any of these complications to happen, but we need to know what to be prepared for if and when they do. 

-PDPH “spinal headache”- low % that this happens, but why does this happen? – If we go back in our minds and think about he difference between a Touhy needle that’s used for an epidural and a spinal needle that is straight and only about a 25g in diameter, the Touhy is much better to be able to thread a catheter and has that curve at the end. Also, the spinal needles are pencil point so they enter into the dural space and just spread the fibers without breaking them, and it slides right back out. Epi-dural…before the dura space.  If the Touhy were to accidentally puncture the dura and create a small hole, CSF will leak out and when enough leaks out. Is that dangerous, no! Your body will patch that up, but before it has a chance to do so if the CSF leaks out enough to get to the brain, it causes traction on the brain, causing on the brain to dilate. There this hypothesis called the Monroe-Kelly doctrine which means everything in the intracranial body likes to be at a constant volume. If we lose a little bit of CSF our body makes up for it by throwing a little more blood up there, hence the headache, AKA “positional headache.” That’s why when we drink caffeine our headaches go away, but it constricts the blood vessels. So…the CSF is leaking, the brain says “We need more blood up here, the vessels dilate, and the patient gets the worse headache of their life. When the patient gets up, its awful, when they laydown, it goes away. The body is able to normalize its volume when someone lays flat… “positional headache.” We can treat it with fluid…have them drink caffeine, or we can place and epidural blood patch…that’s something I’ll talk about next semester but just to give you idea…blood is injected onto the dura and that just lets the body know that there’s something wrong and starts sending all these great patching mechanisms to repair the dural hole and it takes about 15 mins for that headache to go away, so there are ways to treat it –The body will eventually heal that hole and patch it up. 

-Neurological problems- you’re sticking a needle in someone's back. Does neurological damage ever happen….it’s very, very rare!! 

Backache- debatable…..but let me tell you by personal story of this….talk about the nationwide study with women who had epidurals for childbirth (estrogen and progesterone causes a lot of pain because of the fluctuation of the hormones.) 


-Vascular damage: lots of vessels in there, even if a needle were to cut through a vessel its not a big deal because it would repair itself, but for some who has a bleeding disorder, we would never do a spinal or epidural on such a patient, because they will bleeeed.

-Toxicity-any drug that Is given has a toxic dose and a toxic level! Those are memorized by the anesthesia providers, and they know not to give those doses, but occasionally, they may need to come close to that dose or maybe that patient is a little more sensitive and can become toxic for them. There are ways to treat that & we’ll talk about that more when we talk about local anesthetics.

Meningitis-Infection-any time we pierce through out beautifully placed protection barrier- our skin- we run the risk of exposing our patients to infection.
That’s why we do everything under sterile technique because it’s a lot more dangerous to expose the spinal cord to infection. 
Very rare but very serious if it happens. 



CLINICAL PRACTICE TIPS/ISSUES

 Don’t inject if blood is present

Don’t inject if the patient exhibits paresthesias 

Don’t allow the patient to position themselves or strain 

after placing the spinal

Be vigilant in choice of LA and dose

Maintain sterile technique

Monitor patient closely
30

Presenter Notes
Presentation Notes
So, lets look at some things providers try to avoid when doing these procedures. 

If a spinal needle goes in, CSF is expected to come out…and see blood, we don’t want our local anesthetic to go to a vessel, we want it in the CSF

Paresthesias: when provider placed a needle and the patient jerks… because they felt a zing down their leg. What happens is if a needle gets close to a nerve, the nerve “screams out” if you will like when you hit your funny bone! The nerve moves out of the way, becasese the nerve is very smart, you kind of what to see if it subsides and then continue. 

Don’t allow the pt to position themselves. Within 30 secs of an epidural or spinal is done the pt starts to have a hard time moving themselves.

-Monitor- may see a little drop in BP which tells us that the epidural or spinal is working. 



DIFFICULTY IN PLACING REGIONAL ANESTHESIA

E L D E R L Y / A R T H R I T I C  P A T I E N T S O B E S I T Y
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Presenter Notes
Presentation Notes
There are definitely patients that have anatomical issues that hinder providers in providing a spinal or epidural. 

When someone is mobidly obease…providers have to feel for outward stuctures to know where they are. Feeling for the spinal processes…makes it more difficult to feel but not impossible. 

L3-L4 lines up with the superior and inferior iliac crest, so the top of the hip bones. Youll often anesthesia providers feel for the hips with their thumbs and bring them across the back to meet in the middle and that’s about the L3-L4 space of where they want to go.





Difficulties, cont. 

S C O L I O S I S / C U R V A T U R E  O F  S P I N E I M P L A N T E D  H A R D W A R E

32

Presenter Notes
Presentation Notes
Scoliosis patients---- surprising a large majority of patients have some for of scoliosis, but some severe cases, their spine is curved, and it twists.

And pt who have had spine surgery with rods implanted down their back…a spinal or epidural cannot be placed where the rods are.  It can be placed however if there is not hardware, but spine surgery has been done.



PERIPHERAL NERVE BLOCKS

• are a great tool for an anesthesia provider

• provides intraoperative anesthesia

• provides intraoperative analgesia

• also provides postoperative analgesia

• the interest and use of peripheral nerve block regional 

anesthesia has grown over the past decade
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Peripheral Nerve 
Blocks

• Local anesthesia 

injected into a nerve 

sheath or near 

peripheral nerves

Presenter Notes
Presentation Notes
I want to briefly introduce to you Peripheral nerve blocks- I’m going to give you a whole lecture on peripheral nerve blocks. 



PNB Physiology:
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PNB Indications:

• A nerve bundle is identified by:

• Eliciting a paresthesia

• Using a nerve stimulator

• Using ultrasound guidance

• LA is injected either into a peripheral 

nerve sheath or around nerve bundles

• Anesthesia/analgesia 

Used as an adjunct to 
general anesthesia

Total anesthesia for a 
limb

Postoperative pain 
management

Presenter Notes
Presentation Notes
It’s another type of regional anesthesia. It’s more specific to location.  With peripheral nerve blocks, we can anesthetize just a hand or the knee below. Unlike an epidural you can't really use this in place of general anesthesia, but it is adjunked to general anesthesia. It’s great for orthopedic surgeries. A PNB can be placed before surgery and the patient wakes up comfortable…or it can be done after if the pt wakes up very uncomfortable and in a lot of pain. That can be done in the PACU aka. Recovery. Nerve blocks can last anywhere from 12-20-30 hours depending on the medication used. 



N E R V E  
B U N D L E S

EXAMPLE:

CERVICAL PLEXUS

Presenter Notes
Presentation Notes
We block the nerves by finding a nerve bundle that comes right off the cervical vertebra, and this is known as the cervical plexus. The nice thing is that just the Superior cord of the brachial plexus can be anesthetized or jus the Posterior cord of the brachial plexus….the provider can be very specific as to what is needed to be anesthetized based on the type of surgery. It’s pretty cool stuff that we can pinpoint individual nerve branches to anesthetize.  The ultrasound started to be standard practice to perform nerve block in about the mid 1990’s, specifically for a supraclavicular brachial plexus block. You’re going to be able to see this in the clinical setting and it’s pretty exciting! 
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Ultrasound-guided Peripheral Nerve Blocks



THE 

PERIPHERAL 

NERVE



ANATOMY OF A PERIPHERAL 
NERVE

• Nerve fiber is composed of an axon enclosed by a myelin sheath and a Schwann cell

• Nodes of Ranvier are nonmyelinated junctional regions between adjacent Schwann 

cells

• 3 successive Nodes must be blocked for effect in myelinated fibers (easier)

• 5-6 mm coverage for unmyelinated fibers

• Perineurium covers a group of nerve fibers to form fascicles 

• Epineurium holds fascicles together to form peripheral nerve
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LOCAL 
ANESTHETICS (LA) 

• Drugs that reversibly inhibit the conduction of electrical impulses along nerve fibers (halt impulse 

traffic along nerves).

• The degree of inhibition is influenced by: 

• Anatomy of the nerve being blocked (length, diameter, if myelinated)

• Local tissue conditions

• Physicochemical properties of the local anesthetic agent

• Sodium channel blocking drugs

• Interrupt conduction in excitable tissue

• Prevents depolarization by inhibiting passage of sodium ions

• Dull sensation distal to the site of blockade



BASIC PROPERTIES
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Weak bases 

(proton acceptors) 

Prepared as water-
soluble HCL salts 
that are strongly 
acidic (pH < 6)



PROFILE OF LA 
DEPENDS ON:
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1. Lipid solubility

2. Protein binding

3. pKA

4. Vasodilator activity



ESTERS:
THERE IS ONLY ONE “I” TO EACH NAME

• Hydrolyzed by plasma esterases

• Potential allergy due to para-amino benzoic acid (PABA)

• Procaine (Novocain)

• Chlorprocain (Nesocaine)

• Tetracaine (Pontocaine)

• Cocaine

• Benzocaine
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One-eyed (i) Ester



AMIDES:
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Bio-transformed by hepatic enzymes

• Lidocaine (Xylocaine)

• Prilocaine

• Etidocaine

• Mepivacaine (Carbocaine)

• Bupivacaine (Marcaine)

• Levo-bupivacaine (Chirocaine)

• Ropivacaine (Naropin)

Very rarely provokes an allergic response

Presenter Notes
Presentation Notes
Hepatic enzymes are the proteins in the liver that speed up the chemical reaction such as; breaking down food, producing bile, and fighting infection…For the drug(s) that are being injected, it will still take time for the drug(s) to be fulling broken down and transformed for the result to take place. I won’t go into the 6 different enzymes there are but just know that this is why the chemical reactions happen. 

 



ESTERS VS. AMIDES 45Locals are 
separated into two 
categories based on 
their chemical 
structures. The 
Esters have a 
shorter half life 
because they are 
broken down by 
cholinesterase 
enzymes in 
extracellular fluid 
break them down 
(less than 3 
minutes). Amino 
Amides are longer 
acting because they 
are broken down 
by the liver which 
of course is a 
longer 
metabolizing 
process. –About 1-3 
hours. 

Presenter Notes
Presentation Notes
 Locals are separated into two categories based on their chemical structures. The esters have a shorter half life because they are broken down by cholinesterase enzymes in extracellular fluid break them down (less than 3 minutes). Amino Amides are longer acting because they are broken down by the liver which of course is a longer metabolizing process. –About 1-3 hours. 

ECF: extra cellular fluid 



LIPID SOLUBILITY
• The free base, lipid soluble fraction is what 

penetrates the nerve

• Solubility is defined by the Oil/H₂O Partition 

Coefficient

• The higher the lipid solubility, the more potent 

the local anesthetic

**Lipid Solubility = Potency**
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PROTEIN BINDING
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• LA’s that are poor protein bound have a shorter duration

• LA’s that are highly protein bound have a longer duration

• Local blood flow washes the local anesthetic from the receptor site (if it clings on stronger, it 

elicits its effect longer). Epinephrine also influences this.

**Protein Binding = Duration of Action***



PKA
Vocabulary: 
• pK is the negative base-10 logarithm of the acid dissociation constant (Ka) of a solution. The 

quantitative behavior of acids and bases in a solution can only be understood if their pKa values are 
known. 
• The free base, lipid soluble, unionized fraction is what penetrates the nerve
• The drugs pKa determines the unionized drug fraction available
• pKa is the pH at which 50% of the LA will remain in the uncharged (basic) form and 50% will exist 

in the charged (cationic) form
• The amount of unionized drug determines the onset time
• The closer the drugs pKa is to physiology pH, the quicker the onset
• Chlorprocain is an exception

**pKa = Speed on Onset**
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Presenter Notes
Presentation Notes
pKA is an equation that indicates whether an acid is a strong acid or a weak acid.

VS. 

pH will indicate whether a system is acidic or alkaline. 

If the patient’s pH level is determined before the block, then…

The amount of pKA a drug has will determine how fast the onset of that drug will be.  The closer the drugs pKA is to the pH of the patient will determine the onset time of that drug.

Example: Exparel-- 

https://www.google.com/intl/en/about/products?tab=wh


MECHANISM OF ACTION OF LA’S 49

Sequence 
of Events:

Injection of LA into area with a local pH

The pKa determines % ionization

The Unionized form crosses the membrane

Binding of Ionized for to Na⁺ channel

Failure to achieve Threshold—conduction blockade



VASODILATOR ACTIVITY
1. Intrinsic vasodilator activity 

influences the apparent potency 
and duration of action

2. Following injection, some LA is 
taken up by the nerve and some 
is absorbed in the bloodstream

3. The rate of systemic absorption 
is proportionate to the 
vascularity of the site of 
injection (the higher the 
vascularity, the quicker the 
absorption). 

**Blood > Intercostal > Caudal > 
Epidural> Brachial Plexus > 

Sciatic > Subarachnoid > 
Subcutaneous**

(Absorption from greatest to least)

*B-I-C-E-P-S*
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AMIDES IN THE 
BLOOD 



ADDITIVES

52

Various additives can be added to LA to accelerate the 

onset time, reduce the systemic absorption (thus the risk 

of LA-related toxicity), and prolong the duration of nerve 

block or pain relief. 

Examples…



ADDITIVES:

CLONIDINE
Main Effects:

• Prolonged duration of 
anesthesia and analgesia 
that follows neural 
blockade. Improve quality

Other Effects: 

• Unlike opioids, does not 
produce resp. depression, 
nausea or vomiting. 

Adverse Effects: 

• Sedation, orthostatic 
hypotension

53

Dose:  1-2 mcg/kg

Use: Epidurals, Spinals, Peripheral 
nerve blocks



ADDITIVES:

DEXAMETHASONE
Main Effects: 

• Prolonged duration of block 

Other Effects:

• Potential increase in blood glucose

Dose: 4 -10mg

Use: PNBs, Spinals, Epidurals (not FDA approved for 

perineural administration) 
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ADDITIVES:

OPIOIDS
Main Effects

• Analgesia lasting several hours

Other Effects:

• Reduction of onset time of the block with highly lipid soluble drugs

Adverse Effects:

• Nausea and vomiting, pruritis

Dose: 0.1 mg/kg morphine, Buprenorphine 0.3 mg, Tramadol 200mg

 Use: Primary opioid use is in spinals and epidurals 
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Presenter Notes
Presentation Notes
Most commonly seen opioid used: Morphine



ADDITIVES:

SODIUM BICARBONATE
Main Effects: 

• 30-50% reduction in onset time

Other Effects:

• Ineffective in acidotic tissue

Dose: 1 mEq Bicarb to 10 mL of LA (Lidocaine or Chlorprocain)

Use: Epidural, controversial in peripheral nerve blocks, 

precipitates with Bupivacaine and Ropivacaine
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ADDITIVES: 

EPINEPHRINE

*Vasoconstrictors = Decreased 
absorption = Decreased 

Systemic Toxicity = Increased 
Duration of Action*

Main Effects:

• Prolonged duration of the block. Duration may be increased 
from 30-50% depending on the potency of LA and the 
vasculature of the site of injection.

Other Effects: 

• Reduction of the inherent toxicity of LA’s (vascular marker)

Adverse Effects:

• Hemodynamic effects if massive blood absorption or 
intravascular injection

Dose: 2.5 mcg/mL (1/400,000)

Use: All peripheral blocks except those in the vicinity of extremities 
die to terminal arterial blood flow (penis, fingers, nose, toes). Local 
anesthetics with epinephrine (commercially prepared) should NOT 
be used for blocks (add your own epi). 
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MAX DOSES OF LOCAL ANESTHETICS
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Drug Concentration (%) Dose (mg /kg)

Chlorprocaine 3 11 (14)

Lidocaine 1,2 4.5 (7)

Mepivacaine 2 4 (7)

Bupivacaine 0.25, 0.5, 0.75 2 (2.5)

Ropivacaine 0.75 3 (3.5)



LOCAL ANESTHETIC SYSTEMIC TOXICITY 
(LAST)

Detection: 

1. Use ASA Monitors when performing blocks

2. Monitor the patient during and after completing injection 

3. Communicate frequently with the patient to check for symptoms of toxicity

4. Central nervous system signs (may be subtle or absent)

• Excitation (agitation, confusion, muscle twitching, seizure)

• Depression (drowsiness, obtundation, coma, or apnea

• Non-specific (metallic taste, circumoral numbness, dizziness)
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LAST- DETECTION
5. Cardiovascular signs

• Initially may be hyperdynamic 

(hypertension, tachycardia, 

ventricular arrhythmias) then;

• Progressive hypotension

• Conduction block, bradycardia or 

asystole

• Ventricular arrhythmias (Vtach, 

Vfib, Torsades de Pointes)

6. Sedative hypotonic drugs reduce 

seizures risk, but even slight sedation 

may abolish the patient’s ability to 

recognize or report symptoms of 

rising LA concentration. 
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LAST
RISK REDUCTION: 
• Use the least dose amount of LA necessary to achieve the desired block

• LA blood levels are influenced by site of injection and dose

• Factors that increase the likelihood of LAST include:

1. Advanced age

2. Heart failure

3. Conduction abnormalities

4. Metabolic disease

5. Liver disease

6. Meds that inhibit sodium channels

• Consider using a 

pharmacologic marker and/or 

test dose

• Aspirate the syringe prior to 

each injection while observing 

for blood

• Inject incrementally, while 

observing for all symptoms of 

toxicity

61



TOXICITY SCALE

Presenter Notes
Presentation Notes
This is a simple chart showing the differences between Ester and Amide toxicities….what are most commonly very toxic on this scale.  



PEDIATRIC 
TOXICITY
Just for your information! 

• Pediatric blocks are not uncommon 
& the statistics of toxicity are 
alarming!

Jim Snively, artist, of Pittsburgh, PA



TREATMENT FOR LAST
 Get help

 Initial Focus:

• Airway management- ventilate 

with 100% oxygen

• Seizure suppression- benzos are 

preferred; AVOID propofol in 

patients having signs of 

CV(cardiovascular) instability 

(small dose for seizure 

suppression is ok)

• Alert the nearest facility that has 

cardiopulmonary bypass 

capability

 Management of Cardiac Arrhythmias

• BLS and ACLS will require adjustment of medications and 

perhaps prolonged effort

 Lipid Emulsion (20%) Therapy

• Bolus 1.5 mL/kg (lean body mass) IV over 1 min (~100mL)

• Continuous infusion 0.25 mL/kg/min (~18 min)

• Repeat bolus once or twice for persistent cardiovascular 

collapse

• Double the infusion rate to 0.5 mL/kg if blood pressure 

remains low

• Continue infusion for at least 10 min. after attaining 

circulatory stability
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Presenter Notes
Presentation Notes
#1. Get Help
#2. Airway management- ventilate with 100% o2 and secure the airway if it is not already.
#3. Seizure suppression– benzodiazepines are preferred to avoid and cardiovascular instability.
#4. Manage any cardiac arrhythmias– use your ACLS knowledge
#5. Last but not least– Intralipid therapy!!! An initial bolus needs to be given along with a continuous infusion over 18 minutes. 


Of course, based on the patient’s response to those interventions, you continue and repeat, double that infusion rate, and continue the infusion for at least 10 minutes after stability. 



INTRALIPID 20%
FAT EMULSION

• There should always be a 

500mL bag available in 

block areas or wherever 

blocks are done! 
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LOCAL ANESTHETIC 

SYSTEMIC TOXICITY

ALGORITHM



IF YOU’RE EVER APART OF A 
LAST EVENT:
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POST YOUR LAST EVENTS 
ON : 

HTTP://LIPIDRESCUE.SQUARESPAC
E.COM/POST-YOUR-CASES/

http://lipidrescue.squarespace.com/post-your-cases/
http://lipidrescue.squarespace.com/post-your-cases/


THANK 
YOU

Sara Paraspolo
Region6@asatt.org

 or
Sara.e1.Paraspolo@kp.org

mailto:6@asatt.org
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