Answers 495

or a current medical history, that they may be abnormal. They include
the following.

(a) A haemoglobin level. A patient with anaemia may have occult
bleeding which would be exacerbated by anti-coagulation. A base-
line haemoglobin level would also be useful to detect bleeding in
the future.

(b) A platelet level. Platelets are involved in the clotting process and
thrombocytopenia would make the patient very prone to bleeding.
However, platelet counts can be deceptive, as it is the ability to
adhere to one another and not just the number of platelets that
determines their activity. This adhesiveness is seldom checked
routinely, but such a measurement would detect the anti-platelet
activity of non-steroidal anti-inflammatory drugs (NSAIDs).

(c) Liver function tests. The liver is involved in both the production
of clotting factors and the metabolism of warfarin. Its normal func-
tion is therefore essential for safe anti-coagulation,

Mr WS only requires his INR to be measured. Although he may have
a history of taking NSAIDs (‘painkillers’) and there is thus a slight chance
he may have had a gastrointestinal bleed, he has given no history of
dyspepsia and has no obvious signs of anaemia.

Was the dose and route of heparin prescribed for Mr WS appro-
priate?

The route was appropriate but the dose was rather large.

The intravenous route for heparin is preferable to the administration of
subcutaneous injections during the active treatment phase when effec-
tive anti-coagulation is essential, as it gives much more rapid and
controllable results. The subcutaneous route is useful for prophylactic
therapy (e.g. during post-operative immobility).

Although, as the British National Formulary suggests, a dose
between 20 000 and 40 000 units is commonly required, Mr WS (who
is aged 52 and not excessively large) probably requires only a middie-
of-the-range starting dose, which should be adjusted appropriately once
the effect has been measured. A starting dose of 30000 units per day
may have been more appropriate in his case.

Alternatively, using the patient’s weight to adjust the starting dose
is a useful way of achieving the target level for anti-coagulation safely
and quickly. A dose of 500 units/kg/24 h would, for a 65 kg patient,
give a daily dose of 32 500 units (compared to the 40 000 units given
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in this case). Most centres now use standard dilutions of heparin, e.g.
1000 units/mL, delivered by a syringe driver and then alter the rate of
delivery to achieve appropriate control.

Although bolus doses of heparin are recommended at the start of
treatment, they are usually unnecéssary. An infusion will result in steady-
state levels within three to four hours, as heparin has a half-life of only
one to two hours.

How is heparin treatment monitored in the laboratory?

Heparin activity is estimated by a number of similar
methods based on the thrombin time.

We use the APTT, which has a normal range of 25-35 seconds, and
which, for effective anti-coagulation, should be elevated to 60-100
seconds. It should be noted that above this level of activity there may
be interference of the thrombin time on the prothrombin time tests.
For this reason, tests measuring prothrombin time should be adjusted
for heparin activity by the addition of protamine in the laboratory.

Heparin acts quickly and, having a short half-life, its activity can
be assessed about four hours after an infusion has started, although in
practice it is usually checked after about 12 hours. A similar time-scale
applies after dose changes. Once-daily monitoring is necessary for
patients on heparin therapy, although with some unstable patients
monitoring may be increased to twice a day.

Treatment of excessive heparin activity is usually effected by stop-
ping the infusion and ensuring, by repeating the APTT, that the drug's
activity is reducing. Protamine is only used for the treatment of haem-
orrhage following severe heparin overdose. The protamine dose is
calculated by assuming that 1 mg protamine will inactivate 80-100 units
heparin. Protamine itself has some anti-coagulant activity and this, in
addition to its potential for causing anaphylactic reactions, means that
care must be taken if it is used.

Would it have been more appropriate to prescribe a low molecular
weight heparin for Mr WS?

At the time of writing there is still insufficient evidence to
judge.

The use of low molecular weight heparin (LMWH) has become quite
common in the prophylaxis of deep vein thrombosis (DVT), particularly
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in orthopaedic and high-risk surgery, and is covered elsewhere in this
book.

At the time of writing, cornmercially available LMWHs are only just
gaining licenses for the therapeutic treatment of DVT. They are claimed
to have the advantage of not requiring regular APTT measurements
(in fact they have little effect on blood coagulation tests such as APTT)
and of having simpler dosage regimens. Our experience in prophylaxis is
that they do need some adjustment of dose to suit a patient and a dose
linked to a patient’s weight seems more effective than a single
dose option. Measurement of activity is by assay of plasma-anti-factor Xa,
which being an assay is less easy to carry out than routine APTTs.

At present the LMWHS are more expensive on a dose-for-dose basis,
although a full and realistic economic evaluation needs to be done to
give a true overall cost of each type of therapy.

To date we have not seen direct clinical comparisons of the two
treatments in sufficient numbers to justify changing from our current
use of heparin.

What loading dose of warfarin would you recommend for Mr WS?
What factors did you take into account when making this recom-
mendation?

Warfarin 7 mg daily for three days. This loading dose
takes into account the fact that Mr WS has left ventricular
failure.

Warfarin is highly protein-bound and has a long half-life. The admin-
istration of a loading dose thus reduces the time taken for the drug to
achieve steady state.

The standard warfarin loading dose is 10 mg daily for three days.
This should be reduced in the presence of conditions which may poten-
tiate the action of warfarin. The following factors should be considered:

(a) Age. In general, elderly patients are more sensitive to warfarin: it
is recommended that a reduced loading dose is given to patients
over 60 years of age.

(b) Body weight. Given that the volume of distribution is at least
partially linked to body weight, a reduced loading dose should be
given to patients weighing less than 60 kg.

(¢) Plasma protein-binding capacity. This will be reduced in patients
with low plasma protein levels or in those already taking drugs
that are highly protein-bound. Albumin is the principal plasma
protein fraction that binds warfarin.
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(d) Concurrent pathology. Some diseases, such as congestive cardiac
failure, reduce the liver’s ability to produce clotting factors and to
metabolise warfarin effectively.

(e) Other drugs. Although already mentioned under plasma protein-
binding, concurrent drug th'erapy can also interfere with warfarin
activity in many other ways and nearly all types of drug interac-
tion have been reported.

In Mr WS§'s case his loading dose should be reduced to 7 mg daily for
three days on the basis that his left ventricular failure may enhance the
activity of warfarin. If he had had two or more of the above factors,
then his loading dose should have been reduced to 5 mg daily for three
days.

It should be noted that prescribers sometimes reduce the loading
dose by giving 10 mg, 5 mg and then 5 mg over the three days. The
first dose (10 mg) will often produce an exaggerated response on day
4, which makes calculation of the maintenance dose difficult and can
lead to doses being omitted because of the seemingly high INR.

How is warfarin treatment monitored in the laboratory?

Warfarin activity is monitored in the laboratory by
measuring the prothrombin time.

The citrate in the blood sample is neutralised with excess calcium ions
and thromboplastin is added. The time taken for the sample to clot is
then known as the prothrombin time. Comparing this with a sample
containing no anti-coagulant will give a prothrombin time ratio.

The thromboplastin used in this test has been standardised so as
to allow a patient to be controlled by any laboratory. This standard-
isation has resulted in the test being named the International Normalised
Ratio (INR)

INR values in the range of 2.0 to 4.5 are accepted as being thera-
peutic, although subgroups within this range are used to cover the
various indications for warfarin anti-coagulation. In Mr W$’s case a range
of 2.0 to 3.0 would be appropriate to prevent an extension of his DVT.

Why is it important that a complete drug history is taken from Mr
WS?

A drug history is essential prior to starting oral anti-
coagulation therapy with warfarin or other coumarin
derivatives because many drugs can interact with warfarin
to a clinically significant extent.
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Two important facts were elicited from Mr WS$’s medication history.
Firstly, it was noted that Mr WS has a history of epilepsy. On ques-
tioning, he indicated that he had been taking phenytoin some three
months . earlier. Phenytoin and other drugs that induce warfarin
metabolism may exert their effect for up to six weeks after stopping
therapy. This demonstrates that not only current medication, but also
any other medication taken over the previous six weeks, should be
considered in an effort to reduce potential complications of warfarin
treatment.

Secondly, Mr WS had referred to ‘painkillers’ he had taken at home.
When questioned further, he said that he usually took Hypon® tablets,
but as he had run out he had taken some of his wife’s Veganin® Both
of these over-the-counter products contain aspirin. This means that he
should be counselled regarding their future use, as he will need to avoid
aspirin and aspirin-containing products while he is taking warfarin. In
addition, attention should be given to the possibility that his recent
ingestion of aspirin may cause aspirin-induced low platelet activity
which may lead to bruising or other minor bleeding, despite normal
INRs, or that drug-induced gastrointestinal erosions may cause major
bleeding complications,

QOutline the key elements of a pharmaceutical care plan for
Mr WS.

XX This is high risk treatment and a care plan to
ensure adequate anti-coagulant control is essential.

All patients starting anti-coagulant therapy should have a
clear pharmaceutical care plan which ensures,- wherever
possible, that the patient is protected from the potential risks
of treatment.

Monitoring of heparin activity has already been covered
in answer 5, although there is also a need to check Mr W§’s
platelet count every five days if treatment continues for more
than four days. Thrombocytopenia is a recognised problem
with heparin therapy and has an incidence of up to 6%.

Warfarin activity monitoring should be planned, with
the first significant laboratory result being reported on day 4
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after introducing the drug. Thereafter, INRs should be done
regularly and with a gradually increasing time interval
between tests, as stability is achieved. While Mr WS is under-
going acute treatment in hospital with changing drug
regimens, however, frequent monitoring is required.

The care plan should include discharge arrangements
and allow time for counselling the patient to ensure he has
a good understanding of the treatment and its implications,
before discharge.

Mr WS will need to be followed up at the anti-coagu-
lant clinic after leaving hospital and these arrangements (e.g.
when and where) along with communications with the clinic
should be included in the care plan. In our own hospital
these clinics are run by our pharmacists, making the organ-
isation much simpler. We are also using Intermediate Care
Centres (or peripheral clinics) to provide a more local service
for patients.

The plan should also consider how to communicate with
both the patient’s GP and, if possible, their community phar-
macist. Good communications are essential to reduce the risks
to the patient.

What changes in drug therapy would you recommend?

Reduce his heparin dose to 30 000 units intravenously
per day.

Mr W§'s APTT is too high, and so a reduction in heparin dose is needed.
This is an empirical dosage reduction but experience suggests that it
would be expected to give an APTT of around 80 seconds.

It is not necessary to alter Mr WS’s analgesic therapy. Co-dydramol
should not affect his warfarin activity, unlike co-proxamol (which can
enhance warfarin activity).

How long should Mr WS$'’s heparin therapy be continued?

LAMN Heparin therapy should continue until the desired effect
of warfarin has been achieved.

The INR value on day 4 is the first indication of warfarin activity
and is the level from which the maintenance dose of warfarin can be
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calculated. As Mr WS’s INR is already in the therapeutic range, his
heparin therapy can be stopped in 24 hours, providing that his leg is
improving. Some patients can however have high INRs but still have
coagulation problems because an imbalance in the clotting process had
occurred. This may be seen as a worsening of the DVT. In such cases,
heparin should be continued until it is certain that warfarin activity is
fully established, which may mean a further two or three days of heparin
therapy.

What maintenance dose of warfarin would you recommend?

(Mr WS’s loading dose had been 7 mg daily for three days.)

How should his therapy be monitored after the maintenance dose is
initiated?

Warfarin 2.5 mg daily

This dose is calculated using the method of Dobrzanski, which relates
the maintenance dose to the cumulative loading dose over three days
(in this case 21 mg, rounded down to 20 mg) and the INR achieved
on the fourth day. This relationship is shown in the table. Although
many factors can affect this relationship, in general it gives a good
conservative estimate of the maintenance dose required.

To use the table, the cumulative loading dose given prior to the
time of INR measurement should be calculated.

The horizontal line corresponding to the measured INR should
then be followed to the point where it intersects with the vertical column
headed by the cumulative loading dose. The value at the point of inter-
section represents the recommended maintenance dose.

Cumulative warfarin dose (mg)

INR 15 20 25 30 35 40* 45*
2.0 3.5 4 5 5.5 6 7 7.5
2.2 3.5 4 4.5 5 5.5 6 6.5
2.5 3 3.5 4 4 4.5 5 5.5
3.0 2.5 3 3.5 3.5 4 4 4
3.5 - 2.5 3 3 3.5 - -
4.0 - - 3 3 3 - -
4.5 - - 2.5 3 3 - -
5.0 - - 2.5 2.5 3 - -

*Values of cumulative doses exceeding 30 mg may be found when the INR has not been
measured at the correct time, Such values should not normally be used .



502 Anti-coagulant therapy

Further monitoring should be carried out after two to three days,
and then, depending on the results obtained, the interval can be
increased, initially to once a week and then to every two, four and even
six weeks. If a graph is drawn of INR against time, the slope will indicate
the need for more frequent monitoring; for example, a sharp change in
the slope of the graph would indicate the need for more frequent moni-
toring or intervention to prevent values going outside the agreed limits.

Changes in treatment, or in a patient’s pathology, also necessitate
more frequent monitoring. The overall aim must always be to ensure
that sufficient monitoring is undertaken to enable adverse changes to
be detected without inconveniencing the patient excessively.

‘How long should Mr WS's warfarin therapy be continued?

For six months, providing there is no recurrence of his
DVT.

A first DVT with no complications is normally treated with warfarin for
a period of three months, although some authorities feel that patients
who have suffered a thrombotic episode may be predisposed to this
condition for much longer. In the case of Mr WS, his mild heart failure
could have been a contributing factor: until this is controlled he will
continue to be at risk (it was a spontaneous DVT). We would recom-
mend at least six months’ anti-coagulant therapy and, if the DVT should
recur, then continuous treatment.

What are the possible causes of Mr WS’s high INR?

LYEd There are a number of possible causes of the high INR,
including changes in Mr WS’s fluid balance (as a result of
frusemide therapy), worsening of his heart failure (no
clinical signs), drug interaction and failure to take the
correct dose. However, the most likely explanation is an
interaction between erythromycin and warfarin.

Erythromycin is known to inhibit the enzyme systems involved in
warfarin metabolism (as do trimethoprim and ciprofloxacin) and is best
avoided in patients anti-coagulated with warfarin. If erythromycin
therapy is necessary, a reduction of 50% in the dose of warfarin is
required before the antibiotic is started. Weekly monitoring should also
be recommended until the effect of the erythromycin is no longer seen,
which may be two or three weeks after antibiotic therapy is stopped.

_ 42 J—
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How should Mr WS’s high INR be managed?

Omit one dose then recommence treatment with 1.5 mg
warfarin orally daily.

The British National Formulary gives good guidance on the manage-
ment of excessive anti-coagulation. Mr WS has a high INR but no
apparent bleeding, and the probable cause of the increase in INR is
known. He should therefore have one dose of warfarin withheld to
reduce quickly the risk of a bleed and he should then continue treat-
ment with a lower dose. Reducing the dose to approximately 50%
of that previously suggested would be appropriate. His INR should
be monitored after a further two days and the dose readjusted if
necessary.

When the erythromycin therapy is stopped, Mr WS$’s hepatic
enzyme systems will return to normal. However, this return will not be
as sudden as the inhibition: monitoring should therefore continue at
least weekly, and his dose of warfarin should be adjusted until he returns
to his pre-erythromycin dose.

What points would you cover when counselling Mr WS about his
warfarin therapy?

X[ It is essential to counsel patients who have been
prescribed warfarin for the first time. There is a large
amount of information to be conveyed to such patients
and counselling requires a high level of skill and a
substantial amount of time. We take the view that it is
unethical for a patient on warfarin to be discharged from
hospital without being counselled.

The major points to be covered with Mr WS include the following.

(a) What warfarin is, and what it does.

(b) Why Mr WS is taking warfarin and how its action can help.

(¢) How much to take and how the dose can be described (i.e. the
colour or strength of the tablet, and how dose changes may involve
different combinations of the three strengths of tablet available).

(d) When to take the dose, what happens if a dose is missed and the
importance of regular dosing.

() TFactors that affect the action of warfarin. These include food (diets
high in vitamin K in particular); social activities (smoking,
drinking, travel, exercise); and other medicines, including over-
the-counter products and alternative medicines.
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(f)  Who Mr WS should tell that he is on anti-coagulant therapy (GP,
dentist, pharmacist).

(g)  What symptoms to look for which may indicate too much anti-
coagulant activity (e.g. gum bleeding, bruising, blood in urine),
what the significance of each might be and what to do about it.

(h}  Who to contact if there are problems or doubts about treatment.

(i)  What to do about diseases that might occur during treatment (for
instance, influenza).

(j)  When to come to clinic and why monitoring is important.

(k) What the treatment goals are (to help Mr WS visualise his therapy
and therefore assist compliance and co-operation).

The counselling sessions will also be an opportunity to develop a clinical
relationship between Mr WS and the pharmacist which will continue
after discharge.

What are the possible causes of Mr WS’s low INR?

His warfarin dose was not increased when his
erythromycin therapy was stopped.

This is the most likely cause of Mr W§'s low INR. Assuming non-compli-
ance at this stage would be inappropriate. The effect of hepatic enzyme
inhibition may take a week or two to be fully reversed, so monitoring
and small dose increases (in this case 0.5 mg aliquots) will be required
during this time and until the original activity is resumed.

What are the probable causes of Mr WS$’s problems? What action
would you recommend?

A Azapropazone therapy is the most likely cause of his
problems. It should be withdrawn and replaced by alter-
native therapy if needed.

On admission Mr WS was found to have a very high INR (greater than
7.0) which was most probably caused by the addition of azapropazone
to his warfarin therapy.

Most NSAIDs have some anti-platelet activity and, as such, can
enhance bleeding, although this does not affect the INR. Similarly,
although many NSAIDs are protein-bound, the warfarin that is displaced
by their concurrent binding in rapidly eliminated by the liver so that,
at most, a small transient rise in INR (usually for no longer that a day
or two) may be seen. However, as with the classic reaction between
phenylbutazone and warfarin, which is now fortunately rarely seen,
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azapropazone is not only capable of displacing a significant amount of
warfarin from its protein-binding sites, but it can also inhibit hepatic
enzyme activity very rapidly. This produces a very profound increase in
free warfarin levels and, therefore, in anti-coagulant activity.

The use of azapropazone (or phenylbutazone) must be avoided
wherever possible in patients already taking warfarin; however, the data
sheet for azapropazone gives good guidance on its use if it is deemed
necessary.

NSAIDS also affect the gastrointestinal mucosa, causing damage
and some blood loss, and this will be enhanced in the presence of
warfarin.

Mr WS8’s acute symptoms of gout may require an NSAID, but
diclofenac would be a more appropriate choice, being potent enough
to treat the pain while having no effect on warfarin metabolism and
only a small effect on the protein-binding of warfarin.

In our experience we have seen problems with high INRs following
the use of colchicine for gout. Whether this is a result of an interac-
tion between colchicine and warfarin or a physiological effect of gout
on warfarin therapy is unknown. We would welcome other reports of
this potential interaction.

The use of allopurinol for long-term prophylaxis of gout may also
be considered, provided that increased monitoring of Mr WS'’s warfarin
therapy is undertaken while allopurinol therapy is being introduced, as
this drug is also reported to have an effect on anti-coagulant therapy.
An increase in warfarin activity is likely, although the size of the
response varies from patient to patient.

Finally, the diuretics taken by Mr WS should be reviewed to see
if improvements in control or choice could be made, as they are the
likely cause of his acute episode of gout .

Whichever method is used to control Mr W$’s gout, more frequent
monitoring of his anti-coagulant treatment must be initiated.

What other drugs should be avoided or prescribed with caution and
careful monitoring while Mr WS continues to take warfarin?

INPd Warfarin and related compounds interact with many
different drugs. A comprehensive, but not exhaustive, list
of compounds involved can be found in the British
National Formulary.

Patients can vary quite markedly in their response to interactions, some-

times making it difficult to predict the outcome. For this reason it is
important to:
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(@) Recognise known drug interactions before the interacting medicine
is given and initiate treatment changes that will avoid marked
disruption of anti-coagulant control

(b) Ensure that the patient (and their GP and community pharmacist)
is aware of the problem of drug interactions and that the clinic is
informed before any new medication, including alternative and
over-the-counter medicines, is started. As more medicines transfer
from prescription only to over-the-counter status, for example cime-
tidine, the involvement of the community pharmacist becomes
essential. Also, regular reminders should be given to the patient that
many health store products taken in large doses can also have a
marked effect on anti-coagulant control. Ubidecarenone (Coenzyme
Q10°®), vitamin E and fish oils have all been implicated, the latter
two probably affecting platelet activity rather than the INR. Patients
often do not equate health store products with medical products.

(¢) Remember that changes in the dose of concurrent medication may
influence the anti-coagulant effect

(d} Use the smaller range of medicines known to be safe in the pres-
ence of anti-coagulants

(e} Monitor patients carefully when medication is being changed.

It is very easy to recognize a drug interaction after a marked change in
anti-coagulant control has occurred. It is more beneficial to the patient
if that change is anticipated and prevented.
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7o R o 2 o — AR RTie,
QOAF 5 BT
BEItoEEEEYNL, LECLUT2EHUERET S,
QAFITEERGE 18-, FERi: L TEERET 5,
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(ﬁ%)ﬂ)
{1INR
INR {International Normalized Ratio)iZ, 1977 21 WHO »EXEmR & L
EFBEr vy ETIFRFVYALWREBAEOPTHICBELLETHS,
(1979 F iy, “HREERLIL Ty Bt r v E7 325 FBR T
5,)
INR=(EZ Mo PT(H) EFMEED PT(E))S!
18I : International Sensitivity Index
(2}r m s HF A+ (TT) & INR ©1HBES

TT(%)  INR TT(%) . INR
100 1.00 : 16 2.1
9 1.00 15 2.1
80 1.00 14 2.2
70 1.00 13 2.3
60 1.00 12 2.5
50 1.00 11 2.6
45 1.00 10 2.8
40 1.00 9 3.0
35 1.00 8 3.3
30 1.00 7 3.6
25 1.00 6 4.2
20 1.00 5 4.8
19 1.00 4 5.9
18 1.00 3 7.5
17 1.00
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HRH15 2 36.313.5 %] (Mean+S. D. ) (EERRA n=1212 0. 75 mg/kg &
Bl 50 : AERAT - %),

AHERE . EFEHE(20-40%)193 mL/kg, FRE (65 ~ 94 4%)200 mL /kg (&
BAF—%)

MFFARAEDY : T% AEAT—5)

PIEEBEHR  PLER L

BRTRON(FARRERMN & GIEMS | (FRRBIEN 12-24 B, 1ERREE
F5fd] 48 ~ T2RERI(AABAF — 2)

BT EREEEHL EHO TR BN S, NFTCImMBEEATLY I v &
9T VAL THETLINEBAT -2 ),

R : 777000k, FOF1L27e—-aP-450%0 L - T, FERLESHC
RMEND, & FTiL, acetonyl EOBITIZLIEZ7AZ > VT a— 4,
CRLIV T4 770 vaiFEKBYWTHLIIDNEAT — 2),
AR (KHERMEGO S ORBCEE 45 E 425 TEX CYP2CI TH 518,

B -

PR ETAr 1 RebhR I ORA AL TEED B s D, BHEAHLTH
ftEhtc b OR—HFRRINBFERTZ HBEAOT~ %),

PR . Repic i S B0 /3 Pt 3 h o8, REMMEILEEA LR
VW, E FICEORELIBE, T090% X 96 BEILIAK, 99% ¢k 144
RfLI At X h D (AEADF — £ ),

FVTZ7 RS FEFK20 ~ 4083, 8mL/kg/hr, SkE (65~ 94 %)3.26
mL/kg/hr(#AEA T — )

AR - 235561
FHEEBRFS CLFHEMNICE, ©5 I KHOBKRASSHEDL, —BSIC
IBEFRLLATRIET 5,
GE iR
FHARERR - B, 0B, JEFE
EREOFB TR TRAERIIENTH B,
|m, FTHM, K- BERSFoHMm, wiRrm, mF, meE, EEED,
PaB DR (FEA~ORMD), FRE(GREE~oEMmoid), Hil
DEEET D LM s v £ D, RERYE WTEE, THRERE
BE TerbteveiSHET
e b e sEEEOERE
BERE DR
(4L @B
s R EES L BT RE
100 mg A EARF L 7o &t T B 75,
B
@REH
@TF A

HEEORE

TR (40 ~ 60 g -~ K 200 mL)
Gifg~ 7 & 27 2(30 g — K 200 mL)
F oL,

72— L%P(148— Kk 200mL)



