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DIGOXIN

Most commonly monitored compared to others

I.
Introduction
A.
Common therapeutic indications

Congestive heart failure- more commonly used here


Supraventricular arrhythmia (atrial fibrillation, sinus tachycardia) : 



for rate control, slowering down of ventricular rate


B.
Commercially available preparations
Tablets (0.0625mg, 0.125mg, 0.25mg)

Injection

Elixir

Capsules (Lanoxicap)

C.
Mechanism of action


Positive inotropic- used to increase contractility of myocardial, and it works by Inhibition of Na-K-ATPase pump. Therefore leads to Ca infiltiration into cell, Ca dictates muscle contraction, so if more Ca then more contrations.


Augmentation of vagal tone (antiarrhythmic effect). Sympathetic nevrvous system driven by adrenalin and parasympathetic driven by ACH. Digoxin enhances the ACH portion. Adrenalin increase the heart rate and BP so para-sympathetic decrease the heart rate and that’s how digoxin works by decreasing heart rate and Bp.




D.
Adverse drug reactions ( VERY IMPORTANT, IF CAUGHT EARLY IT CAN BE PREVENTED)


(Occur in the exact sequence)-  everyone will experience N/V/D, if this is ignored they’ll get cns toxicity, if ignored they’ll go into cardiac arrhythmia which is lethal type of S/E. so we try to stop pt from getting to this stage by catching and tx’ing them early.
1. Nausea/ vomiting/ diarrhea/ abdominal pain------ this is an exception to other drugs, you’ll always see this with digoxin so if seen and you stop drug then it wont go to 2nd and 3rd SE
2. Neurological and visual manifestation (headache, fatigue, depression, yellow-green halo- you see this around light, UNIQUE TO DIG) If this is not reported they go to the lethal SE:

3. Cardiac arrhthymia (sinus block or arrest, first degree AV block, junctional tachycardia, AV dissociation, frequent PVCs, bigemity)- these have a lot of problem, can’t tx with shock. only way to tx this is to give digibind

NOT NECESSARILY THERAPEUTIC RANGE RELATED (only 85-90% correlated to serum levels)- therapeutic ranges are imp to guide you for therapy, but any time the pt is slightly below or slightly above range it’s extremely imp to look at pt. b/c even if levels are therapeutic they’ll start experiencing the S/E. so in add’n to levels, look at how pt feels.
F.
Analytical methods(FYI)   MESSAGE TO TAKE AWAY: THESE METHODS INTERFERE WITH DIG METABOLITES, & DIG LIKE SUBSTANCE FOUND IN OUR BODIES, SOME PT. POPULATIONS HAVE THESE DIG LIKE SUBSTANCE.

Radioimmunoassay (RIA)

Sensitivity 0.5 ng/ml

Low specificity [interfere with metabolites and digoxin-like immunoreactive substances (DLIS)] 


Enzyme Immunoassay (EMIT)

Low specificity


Fluorescence Polarization Immunoassay (TDx)

Sensitivity 0.5 ng/ml

Believed to be more specific 


Chromatographic Methods

Probably best specificity

Labor intensive, not feasible to be used routinely

II.
Clinical Pharmacokinetics—4 PROPERTIES;
A.
Absorption
· Dig mostly Absorbed by passive process primarily in the small intestine- if you swallow it’ll get absorbed in intestine. This is impt in ppl who have surgery/ stomach chopped away, but even if have this drug will still get absorbed b/c Abs is in intestine. 

· Dig is Actively reverse transport by P-glycoprotein- p-gly is a protein in wall of intestine, fxn is to pump things from out of our body into intestine. So it’s one of body’s natural mechanism to prevent from absorbing toxins. So Dig gets into our system and p-gly pumps it back out to the gut. 
Variability of amount of P-glycoprotein in the intestinal wall varied genetically.  Patients with more P-glycoprotein absorb less digoxin (P-glycoprotein reverse transport digoxin back to the gut), have reduce therapeutic effects. Right now we have no way to predict whether one has high/low p-gly protein activigy, but we know ppl have diff amts
Also p-gly protein is inhibited by grapefruit juice like cyp450. so if take grapefruit juice w/ Dig pt will have increased abs of Dig b/c no mechanism to pump Dig back to gut.
P-glycoprotein action may be inhibited by grapefruit juice.  Therefore, grapefruit juice increase the amount of digoxin begin absorbed.


Bioavailability: don’t need to remember, will give on exam if needed
IV: F= 1

Tablet: F= 0.5-0.85 (average 0.7)—if an oral drug is 70-80% absorbed then that’s not bad
Elixir: F= 0.75-0.85 (average 0.8)

IM injection: F = 0.77 - 0.85 (average 0.8)

Capsule: F = 0.9 - 1 (assume 1)


For oral dosage forms, Tmax = 0.75-1 hour- max level in one hr. this is not impt in calculations. Most of time we base it on trough level, peak less important. 
Factors influencing bioavailabilty

Diarrhea

Malabsorption syndrome (eg. short bowel syndrome)
If above two then Dig doesn’t get absorbed or gets out quickly 

 

Abdominal radiation- cancer pt, radiation to bowel, destroys gut wall
	Dig and warfarin are the two most drugs that have many drug interactions. 



Drugs:

1.cholestyramine (↓20-35 %)

                                     2.Antacid (↓ 25-35 %)

                                    3. Kaolin-pectin (large dose ↓absorption 60%)

                                    4. Sulfasalazine (destroy normal flora that metabolize digoxin)

        5.Neomycin (destroy normal flora that metabolize digoxin)

        6.Erythromycin (destroy normal flora that metabolize     digoxin)

                                                           7.Metoclopramide (↓ absorption)-
Drugs effect Dig abs in two ways, they either bind to Dig so they hold on to it in gut and can’t get absorbed, things like cholestyramine and antacid like pepto-bismol.

Also since Dig is partially metabolized by some of normal bacteria that live in our gut, so any ABX, most ABX kill normal flora in gut so they reduce Dig metabolism in the gut. So if less is metabolized then more free drug is absorbed. See above examples 4,5,6
Metoclopramide- works by increasing GI motility so stimulate gut movement so it pseudo increase flushing out of drug from our gut. So if taken with Dig, Dig will move thru gut faster, so less abs.
B.
Distribution- not highly protein bound drug, so we worry little about intrxn due to competition b/c little is bound and most is free drug

20-30% bound to plasma protein in patients with normal renal function or moderate renal dysfunction (CrCl: 50-75 ml/min)

(highly bound drugs are warfarin and phenytoin)

18% protein bound in patients with severe renal impairment—even in RF it’s not significant.
13% protein bound in patients receiving concomitant heparin therapy

(Heparin activates lipoprotein lipase, breakdown triglyceride to free fatty acid which compete with digoxin for protein binding site)


Dig follow Two-compartment model- works by penetrating myocardial tissue, so that’s the compt that it want’s to get to, so drug has 2 ½ life—don’t need #s on exam
1.Initial distribution phase 3 to 8 hours (t1/2 < 1 hour)- so in 1 1/2life-5hrs dig will be distributed into muscle compartment and blood
2.In normal renal function, Slow elimination phase t1/2 36 hours)- Dig has long elimination ½ life, so it’ll take long to achieve ss concentration so no need to give dig today and check level tomorrow, you don’t have to check until 5 ½ life later(so 5x36= so will take you 5-7 days to check trough level)
in certain circumstances you have to check level before ss is achieved, either if pt is showing toxicity so you will check now instead of waiting, or if pt.gets overdosed then you want to check whether at ss or not. But must remember that Dig takes some time to distribute evenly  into body and initial phase is 1 ½ life so if check in < 5 hrs you won’t get true representative level b/c most of drug will be still in blood compartment so it’s not really reflecting how much harm it will do to body, you’ll get a very high level and scare yourself for no reason. So to check a non-ss /non- trough level until 6hrs.
Serum level of digoxin should always be obtained at least 6 hours after ingestion to allow the distribution phase to achieve steady state.  Trough levels is best as it experiences less fluctuation.


Volume of distribution

Vc: 0.48 to 1.10 L/kg IBW

Vss: 6 to 7 L/kg TBW—use this for calculation, will give on exam. All Dig calculations use TBW
The larger the VD, the more extensive drug is distributed to other compartments so Dig is mostly in tissue and muscle, very little is kept in water or blood compartment

Extensively distribute to muscle

Minimal distribution to fat----even in obese pts we still go by TBW
Myocardial concentration: 30 to 50 times serum concentration—extensively distributed to other compartment.

Hypokalemia increases and hyperkalemia decreases tissue distribution (therefore, hypokalemia increase risk of toxicity, (K+ and Dig have a lot of relations with each other) HypoK+ enhance Dig distribution to muscle compartment so more toxic. If high K+ then Dig moves out of tissue back into blood so less likelihood of developing toxicity.

Physical exertion increases tissue distribution (standard rest of 1 to 2 hours is recommended before blood sampling)—not significant to make a pt toxic but ideal time to draw Dig level, is if a pt just ran into clinic it’s probably better for them to rest before you draw level b/c you might not be able to capture drug since some might move to other compartments

C.
Metabolism

2 Active metabolites:
Bisdigitoxoside (75% potency of digoxin)

Monodigitoxoside (66% potency of digoxin)

Metabolites interfere with assay, so if measuring assay you’re measuring effect of Dig + toxic metabolie

Metabolites interfere substantially with RIA assay.


Metabolism takes place in the GI tract (by normal flora, up to 40% in certain patients) and the liver

Dig is ½ renally eliminated and ½ liver metabolized so both imp in determining levels.

Factors affecting metabolism:

Drugs:
Erythromycin(kill bacteria flora) so reduce metabolism in the gut
Neomycin (alter intestinal wall properties, ↓ 20-40%)

Sulfasalazine (alter intestinal wall properties, ↓ 20-40%)

D.
Elimination

Primarily renally eliminated (50-80%)---if liver is not working well the kidney will compensate a little, so balance each other out. Kidney level is very impt in dictating what final Dig level will be like

30% undergoes enterohepatic recycling.

Average 20% fecally eliminated


FYI:


Total body clearance: 2.7 ml/min/kg TBW

Renal clearance: 1.86 ml/min/kg TBW

Non-renal clearance: 0.82 ml/min/kg TBW

II.
Factors affecting pharmacokinetic properties of digoxin
A.
Age
Newborns, infants and young children have decrease clearance and Vss

At young age liver and kidney not developed yet so have decreased CL to drugs and when toddler they have hyper metabolism so they’ll metabolize the drug faster. In DIG all have dec CL and VDss. 

Impt to remember that new born infants have Dig like substance in system. What are Dig like substances? Dig is a + ionotrope, our body naturally produces adrenaline which is also a + ionotrope, and if we have more adrenaline it binds to B1 receptor on heart and inc contractility. There are other chemicals, they look like cardia-glycosides-they enhance contractility of our heart. Difference bet these substances vs. B1 Receptor adrenaline is we all have adrenaline in our body but Dig like substance is not something everybody has a lot of. Usually our body produces these Dig like substances to enhance the + ionotropic effect only if our body needs it. The situation that will trigger our body to want our heart to squeeze harder is if we start to accumulate volume and fluids so our heart needs to pump harder. So new borns have larger % of water than adults. These Dig like don’t add to Dig toxicity, they’re natural. But do interfere with assay.
Newborns also have digoxin like substances (DLIS) in serum which may interfere with digoxin serum concentration measurement.

B.
Renal dysfunction—2nd population that has Dig like substance

↓ renal clearance---so dec CL of Dig

↑half-life of drug

Alter distribution (↓ myocardial distribution due to possible ↓ tissue binding or ↓Na-K-ATPase activity)- b/c more drug available

↓ Vss but not Vc—they don’t clear out water as much, so more water staying at central compartment and less is distributed.

Use lower maintenance dose


DLIS found in patients with renal failure, may lead to falsely elevation of digoxin levels.

Corrected CrCl (ml/min/1.73m2)
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7---takes 7D to achieve ss
C.
Liver disease
Possible decrease in elimination-------but kidney will compensate until both organs fail then they can’t compensate leading to problems
D.
Obesity
Clearance not change significantly when adjusted to TBW

E.
Electrolytes abnormalities

Hypokalemia increases and hyperkalemia decreases digoxin tissue distribution


Hypomagnesemia: Enhanced toxicity, perhaps due to decrease intracellular potassium


Hypercalcemia: extremely high calcium concentrations enhance digoxin toxicity

MG+ and K+ move in same direction so if one enhance tox(hypo) then so will the other. 

With high Ca+ concentration you can enhance Dig Tox b/c Dig enhances Ca infiltration into the cell so cell can contract more forcefully since Ca is impt ion in tissue contraction, so if have a lot of Ca then a lot of Ca will infiltrate into cell and cell will contract even more forcefully and may go into a spastic/ arrhythmic state. So this is impt in toxicity 
F.
Hypoalbuminemia- low protien
Decrease protein binding

Changes in free drug concentration in plasma appear to be clinically insignificant (digoxin is not highly protein bound)---no adjustment necessary 
G.
Exercise
Increase tissue distribution—but you can never exercise enough to get someone toxic if they’re not toxic to begin with
H.
Thyroid diseases

Hyperthyroidism increases while hypothyroidism decreases resistant to digoxin effects.

Hyperthyroidim increase metabolism of drug, so gets rid of Dig faster so looks like pt is more resistance to Dig effect, ppl with hyperthyroidism may need higher Dig dosages and vise versa is true with HYPO—need less drug.

Possible mechanisms: altered distribution to tissue, altered absorption, altered renal elimination, altered sensitivity of digitalis receptors.

I.
Cardiac diseases

Coronary artery disease/ previous MI: increased sensitivity to digoxin (??alteration of sensitivity of Na-K-ATPase at the myocardial tissue)- once tissue is dead/suffers from injury then there is alteration to na/k Atpase. So might get toxic earlier. Don’t suggest to give Dig right after a heart attack generally don’t give unless have no choice

Atrial fibrillation: decreased sensitivity to digoxin---need to target for higher level of Dig. But in txing heart failure you target lower levels of Dig.
J.
Hemodialysis
Not removable by hemodialysis-----so dangerous in toxicity b/c can’t remove
Digibind used in treatment of patients with life threatening digoxin toxicity.

Digibind- antibody of Dig derived from sheep protein, it will bind to Dig and prevent it from binding to other receptor. Digibind is only to be used in life threatening toxicity, meaning pt is experiencing arrhythmia from Dig. If having N/V/D or Cns S/E all you need to do is stop drug and let level drift down by itself, it’s not worth while to give digbind b/c of 2 reasons; dig is very expensive and risk of hypersensitivy b/c derived from sheep protein so don’t give unless really needed.
EXAM QUESITON; CALCULATION OF DIGIBIND. 

Each mg of digibind binds 0.015mg of digoxin.  Digibind available in 40mg vials.  To calculate number of ng of digibind needed:

Serum Conc of digoxin (ng/ml) X Vss (L/kg) X TBW (kg)

                                                            0.015


If you have Dig level, then total Dig in mg available in our body is serum con of Dig x Vd.

To double check calculation, can use this formula. Right now Digibind is available only in one size.                Since each vial of Digibind has 40mg then take digiving x TBW/100 this gives you number of vial of              digibind needed, to find mg you need then multiply by 40mg.(will change if manufacture changes the              mg in vial)

K. Important drug interactions

Really important (bolded ones) b/c they interact in sig degree so they can double dig dose. So instead of waiting, if pt. on any of these drugs or want to start to use them then you immediately decrease Dig dose by ½. There are significant number of pts on Dig + amiodarone, it’s a very popular combo for A.fib………..IMPORTANT

Quinidine - increases dig levels by 100%, half dig dose


Amiodarone - increases dig levels by 100%, half dig dose


Verapamil - increases dig dose 80-100%, half dig dose


Cimetidine - increase dig levels by 30%


Felcainide - increase dig levels by 30%


Antacids, cholestyramine, Kaolin-pectin, metoclopramide - decreases dig absorption


Propafenone - increase dig level by 30%


Spironolactone - decrease total body clearance of dig by 30%, monitor level closely

IV.
Pharmacodynamics
Therapeutic range

Digoxin: 0.8-2.0 ng/ml –can convert to ug/l
With Dig you must first decide what you’re txing and what you’re txing determines what range you’ll be targeting

Dig has 2 indications:
1.Atrial arrhythmia 1.5-2 ng/ml- dig require higher doses here than in heart failure, target higher
2.Congestive heart failure 0.8-1.5 ng/ml- here you only need little drug, target lower range. Usually use 0.8
V.
Clinical applications and therapeutic monitoring
How to calculate-
A.
Digoxin dosing calculation

For congestive heart failure (therapeutic range 0.8-1.5 ng/ml)---lower range
if given a pt case and has heart failure and you’re trying to tx it. You think about what dose you want to use. The 1st thing is that if txing heart failure NO LOADING DOSE REQUIRED reason is heart failure in not a dz you can immediately improve back to normal, it’s going to take time to gradually improve. So there is no reason to push a pt by giving a LD, if you do you’ll only increase the side effect and not really improve pt.

Maintenance dose based on age and creatinine clearance.- there are two things to pull out from a case must be able to calculate crcl. 
***Diagram below( must know for exam) look at diagram as a graph with x & y axis. Y-axis is pt’s age and x- axis is the clearance****

Dig comes in oral tabs, either 0.125 or 0.25 mg, tabs are very small, cutting tab is not practical to pt so any dosage will have to be cut down to 0.125 increment, you can’t cut smaller than that so that’s the increment of dosing the pt.
Example. Upper right quadrant, crcl >50 which is pretty good, it’s either mild or normal renal dysfxn. These pts are older than 65 so means if pt > 65 and with good renal fxn than start MD with 0.125 mg qd this will always make you fall into therapeutic range of the lower end for heart failure.

Quadrants are derived from dosing pt’s and it’s easy way to fall into right therapeutic range so you won’t poisoning pt.

Look at lower right quadrant. These are pts younger than 65, not geriatric, good crlc. so can generally handle more drug so can start MD with 0.25mg qd

Lower left: pt <65 and bad crcl <50 so must cut dose by 50%

Upper left: old ppl with bad renal fxn these pts are not able to handle drug as well as the other pts b/c dig half goes to kidney and half to liver, so with older age kidney and liver fxn might be declining so can only tolerate 0.125 mg qod so this is 50% of ppl >65 and good renal fxn.

If they fall exactly on 65 then it depends on how sick pt is and how frail they are, so can go either way. But this is only a starting dose, so you’ll be checking level at ss and can further make adjustments. This is a good guide for pts who need Dig for heart failure.

Example: if given pt and said tx heart failure using Dig, then think abt dose and if pt is also on amiodarone quinidine or verapamil wich completely double the Dig dose. So whatever dose you get from quadrant you must cut by 50%

	65 Years


	0.125mg qod


	0.125mg qd

	
	0.125mg qd


	0.25mg qd

	
	                              50 ml/min


Always Check steady state trough serum concentration (wait at least 5 days even with normal renal function)- dig half life in normal individual is about 36hrs so check ss then wait about 5-7days to check level. For pts with bad renal fxn, not normal, so half life will be longer so time to check ss will be longer. Don’t need to remember half lift, will give appox half life on exam so you can estimate when is a good time to check a level
If level subtherapeutic(maybe b/c of factors that you can’t recognize immediately), increase dose by 0.125 mg, recheck level in 5 days – remember tab is small so can only increase by 0.125
Heart failure is not something you can turn around overnight so they’ll take time to recover so can wait. The most impt concern is giving too much where they experience S/E.
If level therapeutic and clinical response adequate, continue the same dose and recheck level in # days. (# depends on patients' renal function)

If level supertherapeutic or patients experience signs and symptoms of side effects, hold digoxin until level if therapeutic and restart with 0.125mg less than the original dose.  Recheck level in 2-3 days.  Until they come back to therapeutic range, so must hold Dig until then. If at anytime pt experience arrhythmia then you tx with Digibind and draw level immediately to make sure digibind is working
IMPORTANT NOTE: after you give digibind you really shouldn’t be checking for Dig level, as long as pt’s symptoms resolve you don’t have to check Dig levels the reason is, if you check Dig level then it’ll be extremely falsely elevated b/c when you give digibind it stays in blood compartment, digibind has the ability to suck all of Dig out of tissue compartment. So it binds to Dig and pulls it out of muscle compartment and holds on to it so when you check Dig level then you’re actually checking Dig level that’s binding to digibind in the blood compartment. Even if level is high it doesn’t matter b/c Dig is bound to digibind and is not in cardiac muscle compartment so can’t exert toxic effect so you really shouldn’t check level b/c it’ll scare everyone for no reason.

For atrial fibrillation/ atrial flutter (therapeutic range 1.5-2 ng/ml)—target higher end/level
when txing arrhythmia you always want to stop or control arrhythmia as fast as you can so to do that a LOADING DOSE IS REQUIRED (unless patient already receiving digoxin)

If asked what if in case pt. has both heart failure and A.fib then what do u do? You tx the one that’s more severe, so control A.fib ASAP then heart failure will eventually take care of it’s self.
Loading dose = Desired Conc X Vd
                                           FS

Desired con= target leve, F and S will give on exam. Dig is not a salt so S=1

Average loading dose (0.75-1mg) given in the following manner. If out of this range you might have made a mistake so go back and check. But generally this is the range, but if 1.2 then that’s probably accurate, you might have bigger pt so need more drug. Generally it’ll fall around 1.
Once you calculate MD, you can’t push the whole 1mg into the pt over 1-2 hrs Dig is a 2 compartment drug. you must space it out and do it really closely. You want to allow enough time for drug to equilibrate to other compartment before you give more in. so there are two ways to do this. Also remember you can’t push > 0.5 mg of Dig in at one time, it’s us

0.5mg IV x 1, then 0.25mg 6 hrs later, another 0.25 mg 6 hrs later (TOTAL 1mg)


OR


0.25mg IV every 6 hours x 4 doses.

6 hrs is approx 5 half lives for the drug to equilibrate to rest of system, so we do 6hrs later  to try and give the .25 mg time to equilibrate throughout the whole body before giving more.

The advantage is the low one takes an extra 6 hrs before finishing the loading dose vs upper one will take 18 hrs to finish the loading so in urgent situation where you want to finish load faster, the top one would be a better choice, it’s a little faster. 

If the pt is getting < 1mg it would then finish faster and pt will get loaded quicker.
The next thing after loading is:
Maintenance dose, approach similar to CHF—this is similar to previous table for CHF, once finish laoding you can think of pt age and Clr and pick dose from grid. MD will start one day dafter LD is finish b/c Dig is generally qd dosing so don’t need to immediately start MD, you should give it one day

Dose adjustment based on serum concentrations---after checking ss
Assuming F and Cl remain constant in one patient.-----to make any adjustments use:
Tau is the interval of drug….these will be given to you on exam to figure out new dose for pt

Css =        FS X Dose      
                                            Cl X 
B.
Therapeutic monitoring

steady state trough concentrations of digoxin------ALWAYS TROUGH
Indications for levels:
Dosage/ formulation changes---if there are changes make sure new dose/formulation still gives right dose.
Suspected non-compliance

If pt  developing new Disease states which alter pharmacokinetics---e.g pt level are ok suddently he’s diagnosed with hypothyrodism you might have to recheck Dig level to make sure it’s ok with new dz state
Toxicity----if experiencing this, you’ll see SE, hold drug and check level then decide what to do
Suspected malabsorption

Concomitant use of interacting drugs---e.g starting new drug

ECG ---IMPORTANT must be checked everytime they see physician 

BUN, SCr- check b/c  dose is based on Crcl

Side effects -
HR

Nausea, vomiting, diarrhea (usually first signs of toxicity) ask abt CNS sx, are they dizzy, do they see a hallow. Before getting EKG, the first thing that clues you in is HR is abnormal, too fast or too slow this is something pt can check on own. w/o getting EKG
