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LIDOCAINE

Class IB- Na channel blocker
I.
Introduction
A.
Common therapeutic indications
ONLY TO TX:  Sustained ventricular arrhythmia due to cardiac ischemic (lack of o2)events  usually pts with heart attack have this(Lidocaine is not effective for ventricular arrhythmia induced by disease states other than ischemia.)

B.
Commercially available preparations
Injection only

Also available in thick gel like solution, that’s only used for local anesthetic purposes or for mouth soar to rinse and spit. But for therapeutic purposes it’s used as IV only b/c it has very poor oral F. it’s almost 99% cleared out by liver
C.
Mechanism of action
Class Ib antiarrhythmic

E.
Adverse drug reactions


SE are correlated to different ranges, like in theophyline 


All related to CNS but diff level of severity 

Lidocaine concentrations (ug/ml)

Observed CNS toxicity

3-6 low




Drowsiness, dizziness, paresthesia, euphoria-all CNS related, nothing life threatening 
6-8 medium



Fasiculations(muscle twitches), tinnitus, visual disturbances

>8 very high



Seizures, obtundation

Toxicity more common in patients with decreased clearance such as elderly, cardiogenic shock, hepatic failure, CHF, cardiomyopathy and infusion longer than 24 hours. 

F.
Analytical methods---FYI

Enzyme Immunoassay (EMIT)


Fluorescence Polarization Immunoassay (TDx)


Chromatographic Methods (eg. HPLC)- hpllc can analyze anything but takes long
II.
Clinical Pharmacokinetics
A.
Absorption

a weak base


Extensively and rapidly absorbed


problem: Extensively metabolized by the liver (F= 18 to 46 %) (so every 100mg you only have 18 mg to be absorbed)before reaching systemic circulation.  Will not be able to achieve therapeutic levels if given via the po


First pass effect may be avoided by rectal, IM and IV administration.


Therapeutic concentrations of lidocaine may be attained if high dose of lidocaine is administered as local anesthetic via the IM route (impt: especially in children). So can experience systemic effects / can bring into anti-arrhythmic range
B.
Distribution



All anti arrhythmics are two compartment model drugs b/c you want drug to go to heart not blood to work

Two-compartment model


Distribution primarily extravascular

Blood concentrations fall rapidly.  Lidocaine first to lung, then to heart and kidney (the three organs that receive the majority of the cardiac output), then redistribute to muscle and adipose tissue. So goes to organ with most drug supply1st

V1 decreased with CHF (b/c of decrease blood flow to body organs), increased with acute MI and acute hepatitis (due to decrease liver metabolism b/c liver is sick) central Vd is less impt than Vss in anti arrhythmics 

Vss increased with acute hepatitis and cirrhosis (decrease liver metabolism)


Wide variability in protein binding, average 70% (b/c it’s 60-70% bind to 1-acid glycoprotein, 30% bind to albumin at therapeutic concentrations)—unlike albumin the alpha 1 protein conc in body fluctuates as the body goes through diff dz state or stress, it’s a stress induced protein, unlike albuim which is stable in body. If body is stressed like in CHF then body has more alpha 1 protein so have more lidocaine binding
unless drug is 90% bound to protein then it won’t be a problem. And lidocaine doesn’t have a lot of competing problems of protein binding site
Concentration of 1-acid glycoprotein is highly variable in normal volunteers.

1-acid glycoprotein is a stress reactive protein, our body acutely make more of this protein during physiologic stress, thus explaining the high interindividual variability in lidocaine protein binding.

Factors affecting lidocaine protein binding:


Age (decreases with age)

pH of blood (effects affinity of drug to bind to alpha 1 protien)(the lower the pH, more acidic the higher the amount of lidocaine protein binding)

Smoking (increases protein binding)—stess to body so more alpha 1 protien
Concurrent diseases state

Acute MI and cardiac surgery ↑ 1-acid glycoprotein conc, ↑lidocaine protein binding.


C.
Metabolism

>90 % metabolized by liver.

Metabolism (via oxidation) is catalyzed by the Cytochrome (CYP) P450 enzymes superfamily (specifically CYP3A4)

. 


Active metabolites(2):
MEGX (80-90% antiarrhythmic activity of lidocaine))

GX (10-26% antiarrhythmic activity of lidocaine)

Lidocaine metabolites interfere with Scr assay.  Therefore, long term administration that lead to accumulation of metabolites may cause falsely elevation of Cr without other evidence of decreased renal function.

In hospital lidocaine not used > 2 days

Factors affecting metabolism:

Disease states affecting liver blood perfusion: CHF, hepatitis and liver cirrhosis- all effect metabolism of drug
Phenytoin, Phenobarbital, rifampin- they inc liver enzyme so inc metabolism
D.
Elimination- don’t need to remember these equations

Clearance and half-life of lidocaine largely depend on metabolism (since > 90% of drug is metabolized).  Therefore, systemic clearance depends on:

1.
Hepatic blood flow (QH)

2.
Intrinsic free clearance (CLu int: ability of liver to irreversibly remove drugs from blood)

3.
Fraction of drug unbound in blood (fub) 

WILL NEVER USE THIS EQUATION B/C CAN’T DETERMINE SOME OF THE VALUES

CLs = CLH = QHE =  QH fub CLu int     
                                                                                         QH +fub CLu int
t1/2 = 0.693 Vd
   Cls

Elimination means liver clr b/c it’s cleared thru liver not kidney

Total body clearance: 10-20 ml/min/kg in normals 

Average half-life (in patients without CHF): 90 min


Factors affecting total body clearance


Age:
Increase age prolong half-life (decrease liver function with age)



Shorten half-life with pediatric patients.


Congestive heart failure: Decrease liver perfusion, decrease clearance


Acute myocardial infarction: Decrease liver perfusion, decrease clearance


Chronic liver failure: decrease clearance

III.
Factors affecting pharmacokinetic properties of lidocaine
A.
Age
Protein binding decreases with age.

Hepatic clearance decreases with age

B.
Obesity
No significance differences in pharmacokinetic parameters when corrected to total body weight. Use TBW
C.
Liver disease

Decrease liver metabolism


Decrease total body clearance

D.
Cardiac diseases—2 conditions to worry about:

CHF:
Decrease liver metabolism---not pumping enough blood to liver
Decrease total body clearance


Acute MI: can do 2 things: 




1.Increase 1-acid-glycoprotein, increase protein binding

2.Decrease (slightly) total body clearance—this happens when a big part of heart is dead
IV.
Pharmacodynamics
Therapeutic range:
Lidocaine 2-6 ug/ml or mg/l  (Total: bound + unbound)

V. Clinical applications and therapeutic monitoring

Lidocaine only used for a short duration, if need to control longer switch to something else to go home on b/c lidocaine has no po
Due to large patients variability, lidocaine should be dosed based on the following principles:


1.
Lidocaine rapidly distributes from blood following loading dose (level drops rapidly after loading dose).----unlike amiodarone. 
2.
During constant infusion, especially if used over 24 hours, will accumulate to a degree greater than predicted from singly IV loading dose data (time-dependent pharmacokinetics). Can infuse it b/c it distributes quick. 
3.
Lidocaine clearance is largely determined by hepatic blood flow and therefore, indirectly, by cardiac output.

If you give lidocaine for one day and low dose very few ppl will experience SE so we don’t bother checking levels unless pt on it for more than 1day. If they use for 2days then metabolites will accumulate then check levels
For rapid termination of VT: pay attn to heart failure or liver abnormalities
MOST IMPT IS TO CALCUATE :if get case on exam don’t do LD b/c u never use for long time but remember the LD below…need to know the number:
Loading dose:
1-1.5 mg/kg TBW (up to 100 mg) IV administered over 2 min, repeat in 5 min if VT not terminated, up to 3 doses max so even if pt is huge. (If 3 doses do not terminate VT, lidocaine is probably not effective.  Consider electrical cardioversion or other agents such as procainamide or amiodarone) probably it’s not ischema!
If pt LD per kg comes up to >100mg then don’t push >100mg in pt. e.g pt who is 100 kg and u load using 1.5mg/kg so don’t give 150. but due as stated above

clearification for “up to 3 doses”: if pt is 100 kg which mean the LD can be from 100-150mg. if we give 100 mg then that’s fine,but if we give 150mg then we have to remember that lidocaine can’t be administered in more than100mg at one time. If we chose to give 150mg, then give the first 100mg IV push over 2min then wait and see how pt responds to it in 5min, if pt arrhythmia is terminated or they’re doing fine then there is not reason to administer the rest of 150mg dose but if pt still having arrhythmia then 5min later you can administer the 50 mg. 

when she says up to 3 doses it mean: most pts who are not obese should not have a LD more than 300mg, unless overweight/heavy pt. so you should be able to give LD within 3 doses 5 min apart, 100mg at a time. But if you have a really heavy pt, 400kg pt which is not seen often but easy for calculation purposes. So your dose will be 400-600 mg if multiply by 1-1.5mg so you can’t give all at one time, you give 100mg and wait 5min then wait another 5min after 3 doses you’re still not fully loaded b/c your full dose is 400-600mg what that means even though your LD is >400 don’t give more than 3doses the reason is /clinical reasons are: 3 doses will take you 15ming to administer b/c 5 min per dose. If pt is in ventricular arrhythmia and not responding to anything for 15min then he’ll probably be hemodynamically unstable, so you’ll have to shock pt or pt giving sign that Lidocaine is not the right drug for and you have to give alternative therapy. To keep giving it you’ll delay the time and pt’s Bp drops and pt will be unstable and it will be clinically dangerous for pt. so this applies for pt who need a loading dose that exceed LD 300mg.

 Remember Lidocaine only works of arrhythmia is induced by an ischemic event to which pt is having chest pain, heart attack or recovering from a heart attack. Any other condition lidocaine is not working effectively so consider other option.

On exam will give answer that fits 1 or 1.5 not both, but remember range.

Only if LD works you can start: (meaning Lidocaine is right drug)
IV infusion maintenance dose:
1-4 mg/min (use only of VT terminated by loading dose of lidocaine)

So start someone on dose must think about age and if they have liver dz,
For patient age < 70 without CHF or liver diseases, start 2 mg/min

For patient age  70 or patient with CHF or liver diseases, start 1 mg/min

Levels is not required if therapy is used for up to 24 hours (eg. post-MI VT) except:

Patients experience signs and symptoms of toxicity- e.g start seizing , you wan to stop and check level
Patients have recurrent VT or NSVT, at 1st they’re responding then they get arrhythmia again so check level
So that was for acute termination of arrhythmia, so pt is having an arrhythmia and you want to terminate quickly. A lot of times doctors shock pt before giving them drug, so if doing that you still want to start them on drug after arrhythmia to prevent them from arrhythmia again . so if you lidocaine under those circumstances then you calculate LD and in this case you don’t have to give full loading, you give them one dose up to 100mg , Not the every 5min like before.

For maintenance of NSR after electrical cardioversion:

Loading dose:
1-1.5 mg/kg TBW IV (up to 100mg) administered over 2 min (1 dose only)---a little faster
 or

Loading Dose : Css X V1
                               FS

IV infusion: same as above, look at age, liver fxn
Check level in 24 hours if therapy is to be continued for > 24 hours, unless arrhythmia recurs or patients experience toxicity in < 24 hours lidocaine tends to accumulate the longer you administer it so want to make sure you have good level and if you need to make adjustments that’s find. 
If first level in 24 hours subtherapeutic or supertherapeutic, adjust dose accordingly, then recheck level in approximately 8-12 hours (based on patients' disease states to determine time to achieve steady state). Lidoacine gets to ss quickly, it’s t1/2 in someone with good liver fix in 1&1/2 hr so that multiplied by 5 then that should give you ss(8-10hrs)
When level is therapeutic, recheck every 3 days (or with signs/symptoms toxicity, recurrence of arrhythmia) to prevent accumulation.

In real life if pt needs drug for that long then consider to switch to oral or anther drug. Ldiocaine only works in ischemia induced arrhythmia and no one should be in ischemia forever! So it’s unlikely that you’ll need lidocaine for that long
Dose adjustment based on serum concentrations

If you get serum conc back and want to calculate how to adjust dose then it’s very easy, you apply formula below. T is doing interval. with oral drugs it’s q 6 or 8 or 12 but here IV it could be anything in this case if it’s 2mg/min then you can plug in dose 2mg and T would be 1min. if you want to switch to hr remember if T is 1hr then your dose is 2 x 60 min. so can use T per min,hr,days but make sure your dose represents the amt delivered over that period of time. So per min would be 2mg and per hour would be 120 mg.
Assuming F,S and Cl remain constant in one patient.

:
Average Css =      FS X Dose   

F,S = 1

                                           Clt. 

Draw level and while waiting,
If VT recurs and patient is already receiving lidocaine, re-bolus with 0.5-0.75 mg/kg , give ½ of amt b/c pt already has some lidocaine in body
B.
Therapeutic monitoring

steady state concentrations of lidocaine- if < 24 don’t need to check
Indications for levels:
Disease states which alter pharmacokinetics. If pt o.k 1st day and next day he goes into heart failure, then check level



Toxicity




Recurrence of arrhythmia




Concomitant uses of interacting drugs

ECG 


Side effects

