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PROCAINAMIDE

(No procainamide problems on exam, ONLY THEORY)
old drug but still used a lot b/c it’s oral and IV and applicable to a lot of pts. When we talk abt procainamide we’re talking abt 2 drugs, procainamide and it’s active metabolite NAPA. Reaons we worry abt metabolite b/c NAPA contributes a lot to procainamide efficacy, all other drugs we’ve talked abt have active metabolite but contribute very little to efficacy of drug. With procainamide it’s half metabolized to Napa and napa plays a big role in how effective is procainamide.  Both have smaller MW than amiodarone, and if drug is < 300 MW then it’s dialyzable and that’ll be one way to tx O.D to remove excessive drug from system 
I.
Introduction
A.
Physiochemical properties

Procainamide
-
Basic substance

-
M.W.:
Base = 235.3

HCL salt = 271.8


N-acetylprocainamide (NAPA)
-
Basic substance

-
M.W.:
Base = 277.2

HCL salt = 313.8

B.
Commercially available preparations

Parenteral: 100 mg/ml and 500 mg/ml vials


Immediate release capsules and tablets (Pronestyl): 250, 375 and 500 mg (given q4-6h)- we don’t use this unless we absolutely have no choice b/c no one can take drugs Q 4-6hr, pt won’t be complaint. Need to be complaint with antiarrhythmics

Sustained release (q12h): Procanbid-------much better to use orally, chose this
C.
Mechanism of action

Class IA (procainamide)- Na channel blocker

Class III (NAPA)- k channel blocker
so every time you give procainamide to pt you’re giving 2 drugs a class 1A and III agent together. 

D.
Common therapeutic uses- similar to amiodarone can be used to tx atrial and ventricular arrhythmia, so it’s usefull.. Dig is only for atrial type of arrhythmia for rate control and Lidocaine is used to tx ventricular arrhythmia induced by ischemia

Atrial fibrillation/ atrial flutter


Atrial tachycardia


Ventricular tachycardia

E.
Adverse drug reactions(IMPORTANT, b/c it has 2 types)
1.
Plasma level related---so if you give more drug you’ll have more SE so can easily modify these SE by reducing dose
hypotension- -imp to infuse it slowly otherwise pt will drop bp
QT prolongation (QTc > 0.5 sec) – Torsade- lower dose wil shorten QT interval
QRS widening

AV block---lower dose 
GI complaints- procainamide is not easy to tolerate, it’s worst tolerated than amiodarone. You should remember that amiodarone you can’t give > 400mg at a time orally. Porcanmide is worst to tolerate from N/V point of view. You may need to split amt to smaller amt each time and more frequent interval, which is not ideal but might have to do that

2.

Non-plasma level related-beyond our control, can happen anytime usually related to long term administration but we can’t predict that, if that happens we might have to change drug
allergic reaction - urticaria, pruritus, fever

SLE - onset 6-48 months-----procainamide is one of strange drugs that will cause lupus, usually require someone to take procainamide for long time, at leaset 6 mth before you start seeing it. Good thing is it’s reversible once you stop the drug, so no long term damage.
neutropenia, thrombocytopenia






if these 2 occur you might have to consider switching the drug
F.
Analytical methods(FYI)



EMIT, TDX

II.
Clinical Pharmacokinetics----don’t need to remember numbers but concepts are important
A.
Absorption

IV
Procainamide HCl for injection F=1


PO
Procainamide HCl Immediate release F=0.83

Procainamide HCl Sustained release F=0.7—not as well absorbed as IR,however even with that we prefer SR b/c it’s easier to take BID then Q4-6hrs. so we chose it eventhough it’s less absorbed

Tmax:
Immediate release 1 hour

Sustained release 2-3 hours----lasts longer

Food:
↓ (slow down) rate of absorption

but no effect on extent of absorption


only time to use IR formulation is  if pt Diarrhea and patients with colostomy: use immediate release formulation (this is general role in pharmacology for these type of pts, for any drug not just procainmaide) reason is SR sit in gut and slowly release the amt of drug so if have very bad diarrhea then capsule will probably be flushed out by diarrhea b4 it has enough time to sit in gut and slowly release content of drug and also if you have pt with colostomy bag, they have small bowel syndrome a lot of times if you give them SR, you see capsule fall out into colostomy bag and not effect. In these situation it won’t be as ideal to give SR. GIVE IR.
Dilute IV formulation with NS, not D5W: to avoid complex formation between procainamide and glucose.

B.
Distribution

Two-compartment model, t1/2 = 5 minutes—1st compartment occur relatively quickly , it’s 5min which means it only takes about 25 min (5 half life) for procainamide to equilibrate to other compartment. It equlibartes so quickly that it sometimes behaves sort of in border line of being 1st compt model drug and 2nd compt drug which means you could use all equations in AG to calculate procain. Doses b/c it distributes so fast so can use 1 compt to make all equations. But we stick with 2 compt b/c it’s pharamco-dynamic action depends on how much goes to heart not amt in drug

Protein bound:
Procainamide 15% (small, clinically insignificant), NAPA 10%- not many drug intx due to protein binding displacement 

Tissue distribution: 70% at steady state

Fat distribution: poor, use IBW for estimation of volume of distribution


Volume of distribution----don’t worry abt it but is extensively distributed, Dig  is6 and AMio is 65, proc is much less compared to these two
Procainamide:
Vc 0.67 L/kg, Vss 2 L/kg

NAPA:

Vss 2 L/kg

Effect of ↓ cardiac output: may ↓ Vss (in heart failure) this depends on how well blood circulate to rest of body if blood doesn’t circulate good, it stays in blood compartment, it wont get out as extensively as if you would have a normal heart(↓ 20% in severe CHF)

C.
Metabolism


Same as DIG, ½ renally excreted ½ metablolized (liver)

Approximately 50% of dose is metabolized


Metabolites: has many, but NAPA is most important



NAPA 10-40% (4% deacetylated to form procainamide) –mean procainamide converstion to NAPA is an equilibrium, so procainamide converts to napa and some of napa gets converted back to procainamide although equilibrium goes more to napa, so more prcainamide being metabolized to napa then vise versa. 
PABA 0-10%

desethyl-PA and desethyl-NAPA 1%

nitroso-PA (may be responsible for lupus)*****not seen unless pt on procainamide for long time, so must accumulate this metabolite before you see lupus
procainamide is not metabolized by cyp 450 3A4, it’s metabolized by


Acetylation to form NAPA- this is another metabolic process in liver that’s highly genetically determined. It’s now well recognized that there are diff acetylaters: 
Bimodal distribution

Fast
Clacetylation 0.19 L/kg/hr

Slow
Clacetylation 0.07 L/kg/hr

Average Clacetylation 0.13 L/kg/hr

Racial differences

50% of both white and black population are fast acetylators----more average 
Asian 90% fast acetylators-----so they may be ppl who may need higher dose of drug b/c they chew up drug to napa.
Fast acetylators doesn’t always give toxicity, it depends on drug, here napa gives both toxicity and efficacy 


Other non-renal clearance Clother 0.1 L/kg/hr


Total non-renal clearance ClNR = Clacetylation + Clother
D.
Elimination

Procainamide: 50% renally eliminated unchange

NAPA: 77-87% renally eliminated unchanged-----so if have bad renal dysfxn it will increase procainamide level and can lead to toxicity.
SKIP TO HALF LIFE”

Renal clearance:
Procainamide 3 X CrCl

NAPA 1.6 X CrCl

  
Total body clearance:

Procainamide
Fast acetylator: 

Cl(L/hr) = 3 X CrCl(L/hr) + 0.19 L/kg/hr X ABW + 0.1 L/kg/hr X ABW




    (renal Cl)             (acetylation Cl)              (other non-renal Cl)

Slow acetylator:

Cl(L/hr) = 3 X CrCl(L/hr) + 0.07 L/kg/hr X ABW + 0.1 L/kg/hr X ABW




    (renal Cl)             (acetylation Cl)              (other non-renal Cl)

Average acetylator:

Cl(L/hr) = 3 X CrCl(L/hr) + 0.13 L/kg/hr X ABW + 0.1 L/kg/hr X ABW




    (renal Cl)             (acetylation Cl)              (other non-renal Cl)

NAPA
Cl(L/hr) = 1.6 X CrCl(L/hr) + 0.025 L/kg/hr X ABW

 


    (renal Cl)               (other non-renal Cl)


Half-life:

Procainamide 2.1-3.5 hours, 11.3 hours in renal impairment

NAPA 6.2 hours, 41.5 hours(2days) in renal impairment----following renal fxn very imp in procainamide and napa
III.
Factors affecting pharmacokinetic properties of procainamide and NAPA
A.
Renal dysfunction-------#1 AND MOST IMPORTANT FACTOR THAT’LL EFFECT PHARMACOKINETIC PROPERTY 

↓ renal and non-renal clearance----non renal b/c of procainamide and napa equilibrium, if you have bad RF both napa and proc will start to accumulate in body which means more napa (more dependent on kidney) available to shift back to procainamide so it looks like procainmide is not being cleared/metabolized as effectively with bad RF so it looks like you have dec in renal and nonrenal Cl b/c of napa changing back to procainamide.

↑ half-life


no change in Vss

B.
Age

↓ renal and non-renal clearance, probable due to ↓ renal function with age

C.
Impaired cardiac function

Little information available with CHF and AMI, Cl appears similar for degree of renal insufficiency-----correlated to how much heat is effecting renal fxn (blood flow) so drug and metabolite accumulate.
D.
Obesity –procainamide doesn’t distribute to fat so extra fat doesn’t effect pharmacokinetics very much as long as you use IBW

Clearance appears similar when adjusted to TBW

E.
Hemodialysis

Both procainamide and NAPA are dialyzable, therefore can be used for toxicity management.


Replacement dose, if necessary, should be based on plasma level.---b/c dialysis will wash out some drug

Time-dependent redistribution of procainamide from peripheral compartments.

F.
Important drug interactions-most related to inhibiting tubular secretion

Cimetidine
-
inhibit tubular secretion of procainamide and NAPA

  
-
400 mg dose ↓ renal clearance of procainamide by 40% and NAPA renal clearance by 16%


Trimethoprim
-
inhibit tubular secretion of procainamide and NAPA

-
↓ renal clearance of procainamide by 47 % and NAPA by 13%


Amiodarone
-
compete for tubular secretion site—eventhough it’s not eliminated by kidney so if given together with procainamide it can worsen Cl of procainamide so check levels
-
↑ procainamide level by 60% and NAPA level by 30%

IV. Pharmacodynamics

Must understand what’s the right level to pick if chose therapeutic range for pt.

Therapeutic range

Procainamide 4-10 g/ml or mg/l
Atrial arrhythmia 4-8 g/ml

Ventricular arrhythmia 6-10 g/ml

General role of thumb: AA needs less drug and VA needs more drug

NAPA 10-30 g/ml- has own therapeutic range b/c very active on it’s own. But unless pt has sig poor RF then we don’t worry abt Napa as much, if procainamide level is therapeutic then napa will be therapeutic, there should be little risk of running into napa accumulating. But we do look at additive level
-
1/3 to 1/6 as potent as procainamide as an antiarrhythmic agent

-
may contribute significantly to the efficacy of procainamide therapy in renally impaired patients.

Procainamide + NAPA < 25-30 g/ml 

-
increase risk of toxicity when sum > 25-30 g/ml

V.
Clinical applications and therapeutic monitoring
SKIP CALCULATIONS TO THERAPEUTIC MONITORING:

A.
Procainamide dosing calculation
1.
General dosing guideline


IV -
Loading


17 mg/kg IBW over one hour (50 mg/min)

12 mg/kg IBW over one hour for severe cardiac (EF < 20%) or renal impairment (CrCl < 30 ml/min)

Maintenance infusion

2-4 mg/min


PO -
50 mg/kg ABW/d for normal and cardiac function

(q4h for immediate release, q12h for sustained release)


Conversion from IV to PO

To immediate release:
Total daily IV dose (mg/day) 

              0.83 X 6 

To sustained release:
Total daily IV dose (mg/day)
               0.7 X 2 

2.
Estimation from population parameters


Loading dose (LD) =  Vd Cpss
   S  F


Maintenance dose (Infusion or sustained release)

Cpss = F S MD    ( = 12 hours for sustained release)

                                            
Cl

Maintenance dose (Immediate release)

Single bolus dose

Cp = SFDose. e-kt
      Vd 

Multiple bolus dose

Cpss = SFDose.e-kt     ( = 4 hours for immediate release)

     Vd(1-e-k) 

B.
Calculate predicted NAPA concentration
Normally not monitored unless patients have renal dysfunction (then its monitor to prevent toxicity)


NAPA concentration

CpssNAPA = FS MD 

                 ClNAPA

MD/ CpssNAPA  ClNAPA
FS

MD/ = Rate of NAPA formation (g/min) = Cpss procainamide (g/ml) X Clacetylation (ml/min)

CpssNAPA  ClNAPA
=    Cpss procainamide (g/ml) X Clacetylation (ml/min)

FS

CpssNAPA
=  Cpss procainamide (g/ml) X Clacetylation (ml/min) X FS





Cl NAPA
C.
Therapeutic monitoring

When giving IV, you give CI drip so there is not trough, dug stays plateau but when switch to oral then need tough level ss. 

Steady state trough concentrations of procainamide and NAPA

Indications for levels:

Dosage/ formulation changes—from SR to IR switch
Suspected non-compliance

Disease states which alter pharmacokinetics

Toxicity

Suspected malabsorption (eg. colostomy)—don’t know if drug falls out in bag.
Concomitant use of interacting drugs


ECG (especially QT interval)—always when txing arrhythmia

BUN, SCr-  b/c procanianimde depends on kidney

Side effects -
BP—if starts dropping while on IV then slow down infusion rate
S/Sx of CHF

WBC, platelets---not dose related, need to stop drug if it occurs and switch to a diff agent, same for;
S/Sx of SLE


Summary of Pharmacokinetics Parameters of Procainamide and NAPA
	
	Procainamide
	NAPA

	F
	IV = 1

PO =
immediate release 0.83

          sustained release 0.70
	

	Salt factor
	IV/PO = 0.87
	

	Tmax (hour)
	Immediate release: 1

Sustained release: 2-3
	

	Protein binding (%)
	15
	10

	Vc (L/kg IBW)
	0.67
	

	Vss (L/kg IBW)
	2
	2

	Total body Cl (L/hr)
	Fast acetylator:

3XCrCl + 0.19XABW + 0.1XABW

Slow acetylator:

3XCrCl + 0.07XABW + 0.1XABW

Average acetylator:

3XCrCl + 0.13XABW + 0.1XABW
	1.6XCrCl + 0.025XABW

	Renal Cl (L/hr)
	3XCrCl
	1.6XCrCl

	Non-renal Cl (L/hr)

Clacetylation
Clother
	Fast: 0.19XABW

Slow: 0.07XABW

Average: 0.13XABW

0.1XABW
	0.025XABW

	Half-life (hour)
	2.1-3.5
	6.2


