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Cover picture
William Ernest Henley (1849-1903)

An ailing, half-starved journalist in his early twenties was making
hisslow and pitiful way on crutchesto the Old Edinburgh Infirmary.
The year was 1873, and the man was William Ernest Henley, the
‘Laureate of the Hospital’. Even as a schoolboy in his native
Gloucester, where hisfather kept abookshop, Henley had to struggle
with the diseasethat al hislifewasto hold himinitsgrip —tubercu-
lous arthritis of hisfeet. Though it did not cause his own death —he
died through an accident when leaving amoving railway carriage—
tuberculosis probably carried off his little daughter Margaret, the
‘Golden Wonder Child’, who inspired Wendy in Sir James Barrie's
Peter Pan. Asayoungster Henley lost one leg through his disease,
and in early manhood, though he had submitted to every form of
treatment that medical knowledge and quackery alike could devise,
he was threatened with the amputation of the other foot. This he
refused, and, against the advice of hisown doctor, persuaded Joseph
Lister to have him admitted to thewards of the Edinburgh Infirmary.
Two years later, after drastic surgical treatment which spared him

amputation, Henley left the Infirmary.

Hisimpressions of those two years he has handed down to usin a
series of poems entitled In Hospital, published in 1888. Inthem, he
paints with a quick and assured touch, with insight, imagination,
and often humour, the conditions, routine, patients, events, and
personalities — particularly Lister — of hospital life; more, with
simpledelicacy he seizesthevery atmosphere and elusive emotional
fabric of thewards. Only inrare momentsisthere bitterness, mostly
the robust lines testify to the mental vigour and the courage which
have made adjustment to ilI-heal th through the conscious acceptance
of the facts as he found them. His determination to write was never
impaired by the depression of an exhausting disease. Nevertheless,
it was with awild joy that he could write on his discharge from
hospital:

‘Carry me out

Into the wind and sunshine

Into the beautiful world . . .

These are the streets:
Eachisan avenueleading
Whither | will

Free. ..

Dizzy, hysterical, faint,

| sit, and the carriagerollson
Into the wonderful world.’

*Key to
Iustration

1. William Ernest Henley 2. Joseph Lister



Aspirin in primary prevention; whom to prescribe?

I ntroduction

Aspirinisone of the most widely used drugsin medicine.
Since its invention, aspirin was widely used for anti-
inflammatory effectsduring thefirst half of the 20th century,
but its use declined following the development of
paracetamol and ibuprofen which havelessadverse effects.
However, later with the discovery of antithrombotic
(antiplatelet) effects of low dose aspirin, it became clear
that aspirin was highly effective in the secondary
prevention of cardiovascular disease (CVD) and its use
increased significantly, and this benefit is undoubted.
Subsequently large scale primary preventiontriasprovided
evidence of small-to-modest CV D benefitswith aspirinin
highrisk patientsalbeit with mildincreased risk of bleeding.
These findings led to the recommendation of aspirin for
primary prevention. Further to that, observational studies
showed a lower incidence of colorectal cancer with long
term aspirin use. With such evidence aspirin usefor primary
prevention of CV D was added to the guidelinesin theyear
2000 [1]. Later, with growing evidence of significantly
increased risk of bleeding, guidelineswere changed to use
aspirin in primary prevention only for patients with high
CVD risk. According to the latest evidence, the benefits of
aspirin in primary prevention is not consistent with an
unfavorable benefit risk assessment and the AHA/ACC
guidelineon primary prevention of CVD 2019 recommends
against using it [2]. The present article aimsto summarise
the latest evidence and the current recommendations for
the use of aspirinin primary prevention.

Evidence

Aspirin was recommended for primary prevention
following 2 large scaelandmark studies; Physicians Health
Study in 1989 and Women's Health Study in 2005.
Physicians' Health Study assessed the effect of aspirinin
primary prevention of CVD in 22,071 participants, for an
averagefollow-up period of 60.2 months and found that it
reduces the risk of myocardial infarction by 44%, but the
evidence concerning stroke and total cardiovascular deaths
remained inconclusive. The study observed a non-
significant rise in intracerebral hemorrhage (ICH) and
gastric ulcer.

Women’s Health Study, evaluated aspirin in primary
prevention of CV D among 39,876 apparently hedthy female
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health professionalsaged 45 yearsand ol der for an average
follow-up period of 10.1 yearsand concluded that it lowered
the risk of stroke by 17% without affecting the risk of
myocardial infarction or death from cardiovascular causes,
but with a 1.4 times increased risk of gastrointestinal
bleeding requiring blood transfusion.

The evidence on aspirin primary prevention was not
consistent and several studies done later-on identified
mixed findings. Therefore, the effect of aspirinin primary
prevention of CVD was studied in threelarge randomized
trialsin different popul ations and were published in 2018 .

A Study of Cardiovascular Events in Diabetes trial
(ASCEND tridl), studied aspirin primary prevention in
15,480 patients with diabetes with no evidence of CVD,
followed up for amean of 7.4 yearsand found that aspirin
reduced serious vascular events by 12%, but with 29%
increase in major bleeding episodes. This study did not
detect any differenceintheincidenceof Gl adverseeffects,
any cancer or in all-cause mortality.

Aspirin to Reduce Risk of Initial Vascular Events trial
(ARRIVE rid), followed up 12,546 high-risk participants
without diabetes for a mean of 5 years and found no
differencein major vascular events(4.3%vs4.5%) or CVD
deaths (2.55 vs. 2.57%) but found that the risk of bleeding
was doubled. The overall incidence of serious adverse
events was similar in both treatment groups.

Aspirinin Reducing Eventsin the Elderly trial (ASPREE)
followed up 19,114 >70 year old individuas without
previous CVD from Australiaand USA for amean of 4.7
years and found that there was no benefit towards
reducing death, dementia, or persistent physical disability.
In fact this study showed an increased risk of higher all-
causemortality (HR, 1.14), major bleeding and high cancer
mortality.

Since the evidence is conflicting several recent meta-
analyses were done and they found that aspirin primary
prevention is associated with reduced risk of myocardial
infarction and colorectal cancer (with long term use more
than 10 years) but at a high risk of major extracranial
bleeding and with no effect on stroke or total mortality [3]
(Tablel).



Table 1. Meta-analysis of aspirin primary prevention trials

Outcome Number of participants Relativeeffect Conclusion
(number of studies) (95% Confidence Interval)

Total mortality 161,660 RelativeRisk 0.97 No effect
(13RCT9) (0.93t01.02)

Myocardia infarction 142,566 RelativeRisk 0.83 Reduced risk

(non-fatal events) (12RCTy9) (0.76t00.90)

Stroke 127433 RelativeRisk 0.95 No effect

(non-fatal events) (12RCTy9) (0.85t01.06)

Major extracranial bleed 155911 RelativeRisk 1.46 Increased risk
(11RCT9) (1.32t01.62)

Colorectd cancer 14,033 Hazard Ratio 0.76 Reduced risk

(incidence) (4RCTy) (0.60t00.96) (effectsafter 10 yrs)

RCT - Randomized Controlled Trid

* Adapted from: Vandvik PO, Lincoff AM, Gore JM, et a. Primary and Secondary Prevention of Cardiovascular Disease: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines.

Chest 2012; 141: e637S.

Discussion

Benefits of aspirin in primary prevention of CVD isless
clear even though it's benefit in secondary prevention is
well established. Aspirin prevents myocardia infarction,
and ischemic stroke, but increases hemorrhagic strokes
and major bleeding when used in the primary prevention
of cardiovascular disease.

Aspirin usein primary prevention isdifferent to secondary
prevention and needs careful consideration dueto several
reasons. In primary prevention, aspirin is given to
apparently healthy people, and it will be used for prolonged
periods. Further, the validity of recommendations of
previous large-scale primary prevention trials to current
preventive practice remain uncertain as those trials were
done at a time when CVD risk factors were less well
controlled compared to now; i.e. smoking was more
common, blood pressure control was suboptimal, and
aggressive lipid lowering was rare during that period.
Furthermore, definition and diagnosis of acute coronary
syndromes have become more objective with invention of
cardiac biomarkersin current era and this may also have
had an effect on the differences observed in the primary
endpoints of older and newer aspirin primary prevention
trials. Therefore, in primary prevention, wheretherisk is
determined largely by age and the presence or absence of
risk factors, the benefit of aspirin according to latest
evidence is exceptionally small compared to its risks.
Hence, the recommendation that treating physicians should
consider probable benefits and harms of aspirin in each
individual patient beforemaking adecision [4] (Box 1). We
need to think how we can explain the different outcomes
observed of aspirin primary prevention trials done before
twenties and now.

Box 1. Factorsto be considered when prescribing
aspirinfor primary prevention
* Assessment of theindividual'srisk for each
outcome

> Degreeof cardiovascular risk

> Risk of colorectal malignancy

> Riskof bleeding

> Risk of total mortality

" Assessing thevaluethe patient placesonimmediate
increasein risk of bleeding versus delayed potential
benefit on cardiovascular disease and cancer

" Assessment of therelativeval ue, theindividual places
on preventing specific outcomes

* Patient’sattitudeto inconvenience of long-term daily
therapy

Expertsargue against the conclusions of therecent aspirin
primary prevention trails. One argument against the
ASPREE trid is that weight-adjusted dosing of aspirin
might be superior to the one-dose-fits-all strategy [5].
However, theASPREE trial group had stretified participants
according to body-mass index (BMI), and had not found
any association of BMI categoriesand thelack of effect of
aspirinon disability-freesurviva . Currently thishypothesis
is being validated in a systematic review and we should
get an answer onceit is published.

Another view against the conclusions of theA SPREE trial

isthat, deathsfrom cardiovascular causes and deathsfrom
non-cardiovascular causes were competing risks in this
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trial and the hazard ratio for death from cardiovascular
causes was non-significantly lesswith aspirin (0.82; 95%
Cl, 0.62 to 1.08). However, this means that deaths from
non-cardiovascular causeswould have been higher among
participants who received aspirin than among those who
received placebo. However, thisargument isnot valid as
the ultimate goa of primary prevention is to increase
disability-freesurvival or postponement of death from any
cause, not just from CVDs.

Another argument against the ASPREE trial resultsisthat
the benefits of use of low-dose aspirin in healthy elderly
was observed only for lessthan five years which may not
be adequate as most previous studies which described
benefits of aspirin primary prevention detected benefits
withlong term follow-up after 10 yearsor more.

Conclusion

Based on the ASPREE, ARRIVE, and ASCEND trials, the
ACC/AHA guidelines concluded that the risk of adverse
effectsof aspirin outweighed its potentia benefits, and there-
forerecommendsthat most adultswithout ahistory of cardio-
vascular disease should not be prescribed |ow-dose aspirin
daily for primary prevention of CVD on aroutine basis;
especialy theadultsover 70 yearsand thosewith anincrea-
sed risk of bleeding. It is recommended that the decision
to use aspirin for primary prevention of cardiovascular
diseases, should be made based on shared decision
making, taking into consideration the probabl e benefit and
harm of aspirinin relation to each individual .

Theway forward

Compared to low dose aspirinin primary preventiontrials,
statins have been shown to reduce the risk of major vascular
events by 25% with an enviable safety profile, minusthe
bleeding complications of aspirin. Thus, beyond ahealthy
diet, exercise, and cessation of smoking, the best strategy
for primary prevention of cardiovascular diseases would
simply beto prescribe astatin, instead of aspirin. However,
there are mixed opinion on this also.
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Self-assessment questions on aspirin

1. Which of thefollowingistrue/falseregardingaspirin primary prevention in a50-year-old otherwisehealthy man?

Aspirin,

a Reducerisk of stroke

Reducerisk of myocardial infarctions
Reducerisk of colorectal cancer
Reducerisk of extra-cranial bleeding
Reducerisk of total mortality

® a0 T

2. Regardingaspirin,

a Itisrecommended for cardiovascular protection in people without diabetes

® oo o

Si Lanka Prescriber, Vol. 28, No.3& 4, 2020

Itisrecommended for all patients with type-2 diabetes

Colorectal cancer prevention requireslong term use

Itisrecommended for cardiovascular protection in the elderly

Itincreasestherisk of major extracranial bleeding, with noimpact on incidence of ischaemic stroke or total mortality

(Answers on page 13)



How to adjust drug doses in chronic kidney disease

Summary

Drugs excreted by the kidney require dose
reduction in chronic kidney disease. This adjust-
ment depends on the severity of the disease and
what proportion of the drug is eliminated by the
kidneys.

The estimated glomerular filtration rate can
generally be used to guide dose adjustment in
patients with stable kidney function. However, the
formula can be misleading in some patient subsets
and other approaches are required.

At extremes of body mass, the estimated
glomerular filtration rate can under- or overestimate
kidney function. It may need to be adjusted for
body surface area, particularly for drugs with a
narrow therapeutic range or requiring a minimum
concentration to be effective. Close monitoring of
drug effect and toxicity is also needed and can be
supported by therapeutic drug monitoring.

For short courses of drugs with a wide therapeutic
index, dose adjustment may not be needed.

Alternative methods for quantifying kidney function
include the Cockcroft-Gault formula (estimates
creatinine clearance) or direct measures of
glomerular filtration rate using exogenous isotope
compounds. These are not commonly required.

Keywords: chronic renal insufficiency, creatinine,
drug dosage calculations, glomerular filtration rate

(Aust Prescr 2019; 42: 163-7)

Introduction

Chronickidney diseaseisdefined by aglomerular filtration
rate (GFR) of lessthan 60 mL/min/1.73 m? or evidence of
glomerular-tubular injury, for example haematuria or
proteinuria. Thediagnosisisbecoming more commonwith
1.0% of Australians being diagnosed in 2017-18. In those
over 75 years old, the prevalence was 4.6%.* However,
biochemical resultsindicate the actual prevalence may be
closer to 10% in adults,2 and more than 30% in a hospital
population.®

Many drugs are eliminated by the kidney to someextent. If
the dosageis not appropriately decreased in apatient with

chronic kidney disease, drug concentrations can increase,
risking adverse drug reactions. On the other hand, unneces-
sary decreasesin dosage may result in undertreatment, or
changing to an alternate drug with anarrower therapeutic
index, lower efficacy or both. Examplesinclude changing a
patient with chronic kidney disease from metformin to a
sulfonylurea (lower effectiveness and reduced long-term
benefit), or rivaroxaban to warfarin (narrower therapeutic
index and requiring more blood tests).

The requirement for dose adjustments in adults with
chronic kidney disease should be anticipated at the point
of prescribing. Itisimportant for prescribersto understand
that there are different methods of calculating the dose
adjustments in these patients.

Theinfluenceof kidney diseaseon drug prescribing

The need for and extent of dose adjustment depends on
the severity of chronic kidney disease, the proportion of
the drug eliminated by the kidney, the risk of adverse
effects from the drug, the duration of treatment and if the
drug hasactive or toxic metabolitesthat rely on thekidney
for elimination.* Drug toxicity due to an inappropriately
high dosage is seen after multiple doses due to drug
accumulation, rather than after the first dose.® The dose
adjustment in patients with kidney disease involves
increasing the dosing interval or reducing the dose.

Quantifyingkidney function

GFR is the key clinical measure of kidney function. In
general, for drugs that are excreted by the kidney, a
decrease in GFR is associated with a decrease in drug
clearance and the dosage needs to be reduced.

The GFR can be quantitated in multiple ways and each
has advantages and disadvantages. The measured GFR
(mGFR) is the gold standard but it is resource intensive
and expensive, so the estimated GFR (eGFR) isused to
classify and monitor the severity of chronic kidney disease
(Table1).

Serum creatinine-based formulae

GFR can be assessed using serum creatinine-based
formulae - Cockcroft-Gault® and CK D-EPI (Chronic Kidney
Disease Epidemiology Collaboration)’. Sincecreatinineis
an end product of muscle breakdown, each formulaallows
for the serum creatinine concentration to be adjusted for
body mass based on patient characteristics.
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Tablel Relationship between glomerular
filtration rateand stageof chronic

kidney disease
Kidney function stage €GFR (mL/min/1.73m?)
1 >90
2 60-89
3a 4559
3b 3044
1529
<15o0rondialysis

eGFR estimated glomerular filtration rate

* The stage of chronic kidney disease is not only based on eGFR,
but also on an assessment of kidney damage (eg. proteinuria,
haematuria)

The Cockcroft-Gault formulaestimates creatinine clearance
(eCrCl) and incorporates age, sex and body weight
(Box 1).° Because eCrCl was validated against measured
CrCl based on 24-hour urine collection, it overestimates
the actual GFR given that creatinine is both filtered and
secreted in the nephron tubules. The usual unitsfor eCrCl
aremL/minuteand multipleonlinecalculatorsare available.
However, by 2010 most laboratoriesinAustraliawereusing

Box 1 Formulaeusedin estimatingglomerular
filtrationrates

Cockceroft-Gault crestinine clearance (mL/min):
=(140- age) x weight + serum creatinine x 0.814 (x 0.85
if female)

De-indexed eGFR (mL/min):
=eGFR (mL/min/1.73 m?) x patient’sbody surface area
+1.73

Body surfacearea (m?):

=0.007184 x weight®4? x height %7

I deal body weight (kg):

=(height-152.4) x 0.9+ 45.5 (+ 4.5if male)
Adjusted ideal body weight (kg):
=IBW + 0.4 x (weight - IBW)

Serum creatinine (micromol/L), weight (kg), height (cm),
age (years)

eGFR estimated glomerular filtration rate

IBW ideal body weight
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anewer creatinine assay standardised to isotope dilution
mass spectrometry (IDMS) which resulted in a 10-20%
decrease in creatinine concentrations. This, in turn, will
increase the eCrCl compared to what would have been
calculated pre-2010.

The CKD-EPI formula estimates GFR because it was
validated against GFR measured using exogenousfiltration
markers.” It incorporates age and sex into a relatively
complicated formula. These demographics are known at
the time of blood collection so the eGFR is automatically
calculated and reported by the laboratory. The units for
the automated eGFR are mL/min/1.73 m? and it isnow an
accepted method for the classification and monitoring of
chronic kidney disease (Table 1).8°

Theinitial report describing the CKD-EPI formuladid not
observe an effect of age or body massindex (BMI) on the
accuracy of its prediction.” However, it should be noted
that theinitial report was based on a popul ation who were
mostly younger than 66 years old with amean body surface
areaof 1.90-1.93m? and aBM | of 27-28 kg/m? (mean height
170 cm, meanweight 79-82 kg). The automated eGFR may
not therefore apply to patients with different demo-
graphics. Since the body surface areafor most patientsis
higher than 1.73 n?, theactual GFR in such apatient will be
higher than that reported by thelaboratory. The eGFR can
be de-indexed (converted to actual mL/min) by multiplying
the automated eGFR by the patient’s body surface area
(m?) andthendividing by 1.73 (seeBox 1).

Measured GFR

The mGFR is determined after giving an exogenous
filtration marker, such as®'Cr-EDTA, ¥l -iothalamate, DTPA
or MAG3. It is the most reliable method of quanti-fying
GFR because these markers are filtered and not
substantially secreted into or reabsorbed from the nephron.
The mGFR can be indexed by adjusting for a standard
body surfaceareaof 1.73m?2

The mGFR methods require parenteral administration of
the exogenous marker and multiple blood and sometimes
urine samples over time. The incremental gain from the
mMGFR above eGFRisuncertainin most cases, but they are
used in specialist practice before aunilateral nephrectomy
when considering the split GFR in each kidney.

Serum cystatin C-based formulae

Cydtatin C is another endogenous solute that can be used
to estimate GFR. However, thetest isnot universally offered
by pathology laboratoriesin Australia at present.



Cystatin Cislessinfluenced by muscle mass, so it may be
advantageous in patients at extremes of body weight or
thosewith cirrhosis. An alternative CKD-EPI formulahas
been developed to incorporate cystatin C.

How accur ateareeGFR and eCrCI?

Thereisdebate about which formula— Cockcroft-Gault or
CKD-EPI —ispreferred for drug dosing because neither is
aperfect representation of the true value of the GFR.

First, the criteria generally applied in developing these
formulae are that the estimated value should be within
30% of thegold standard value (e.g. mGFR). For an eGFR
or eCrCl in any patient at any time, the true GFR or CrCl
could be nearly half or double that of the estimated value
(so the absolute variability increases at higher GFRs, see
Fig.). This significant uncertainty probably reduces the
impact of the IDMS standardisation of creatinine assays
onthe calculated eCrCl.

Second, the eCrCl and automated eGFR do not give exactly
the same results and eCrCl generally overestimates
MGFR.?° For patients with a body surface area that is
substantially different from 1.73 m?, the eGFR can be de-
indexed to give units of mL/minute (Box 1). Thisvalueis
used to inform drug dosing. For example, for the average
patient enrolled in the study that devel oped the CKD-EPI
formula,” the mean actual GFR (mL/min) is approximately
10% higher than the automated eGFR, and more than 30%
higher for those who aretaller or heavier.

When theautomated eGFR isan unreliable estimate
of eCrCl or mGFR

Some dosing recommendations are based on eCrCl soitis
useful to understand how eGFR relates to eCrCl and the
gold standard measurement mGFR.

The eGFR and eCrCl formulae were validated in people
older than 18-20 years, and advancing age is associated
withimprecision. For example, astudy in patients over 60
years of agefound that eCrCl and de-indexed eGFR were
within 10% of each other in only 45% of casesand in most
of these casesthe eCrCl waslower than eGFR.** TheeCrCl
was more likely to be lower in patients with alower body
weight (e.g. lessthan 60 kg) and increased age (e.g. older
than 80 years).* Unfortunately, mGFR was not measured
in this study to assess the accuracy of the two serum
creatinine-based formulae.

A study in 269 people aged 70 years and older noted that
the absolute bias by eCrCl waslessthan that of de-indexed
CKD-EPI (bias-3.2+14.2mL/minvs+7.1+ 15.1 mL/min)
compared to measured CrCl.*2 However, another larger

study (n=805) with asimilar popul ation except for adightly
higher average BMI found that the mean bias of de-indexed
CKD-EPI was +2.7 mL/minute compared to mGFR,
supporting the use of CKD-EPI.

In obese patients (BM | above 30 kg/m?), automated eGFR
can underestimate GFR, and eCrCl based on actual body
weight will overestimate GFR.1%14%5 | n these patients, eCrCl
based on adjusted ideal body weight (Box 1) or de-indexed
eGFR aremorereliable estimates of GFR (seeBox 2 for
anexample). The oppositeistruewith eGFR for thosewho
areunderweight (BMI lessthan 18.5 kg/m?) with correction
for body surface arearesulting in alower GFR estimate.*°

The accuracy of these formulae may also vary depending
on the GFR. For example, automated eGFR may be more
accuratethan indexed eCrCl at lower GFRs (e.g. lessthan
30 mL/min) and younger ages (e.g. under 40 yearsold).%°

Theimpact of these patient characteristics on estimates of
GFR aresummarisedin Table 2.

There are many other reasons why drug clearance (rena
and non-renal) does not adequately correlate with
creatinine-based measures of kidney function.®

Fig. Corrdation of eGFR and eCr Cl with mGFR’
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* The correlation of eGFR isimprecise, for example eGFR 30 mL/
min may reflect an mGFR of 20-40 mL/min. The error on the
prediction of mGFR from eGFR, and vice versa, increases at
higher GFRs. Data based on simulation.

€CrCl estimated creatinine clearance
eGFR estimated glomerular filtration rate
MGFR measured glomerular filtration rate

Si Lanka Prescriber, Vol. 28, No.3& 4, 2020



Box 2 Different methodsto assessglomerular
filtration rateyield different results

A 42-year-old manis 1.75 mtall, weighs 132 kg (body

mass index 43 kg/m? and body surface area of 2.5 m?)

and has a serum creatinine concentration of 300

micromol/L.

Glomerular filtration rate indexed to body surface area

1.73 m?for chronic kidney disease staging:

* automated eGFR 21 mL/min/1.73 m?

* indexed measured GFR (DTPA) 19 mL/min/1.73 m?

« indexed measured 24-hour cregtinineclearance 36 mL/
min/1.73 .

Each of these methods place this man somewhere

between Stage 3 and late Stage 4 chronic kidney disease.

Actual glomerular filtration rate for drug dosing:

e deindexedeGFR30mL/min

* measured GFR (DTPA) 27 mL/min

» measured 24-hour cregtinine clearance 52 mL/min

» eCrCl (actual body weight) 53 mL/min

» eCrCl (ided body weight) 28 mL/min

 eCrCl (adjusted ideal body weight) 38 mL/min.

Therefore, if adrug’'sdosageisreduced when apatient’s

GFR is <30 mL/min, the dose for the patient is usually

higher if the de-indexed eGFR is used to guide dosing.

The preferred formulato guide dosing is not certain at

this time, but eCrCl based on actual body weight and

measured 24-hour CrCl are likely to overestimate the

actua GFR.

DTPA diethylenetriaminepentacetate (isotope to measure GFR)
eCrCl estimated creatinine clearance (Cockcroft-Gault formula)
eGFR estimated glomerular filtration rate (automated)

GFR glomerular filtration rate

Doseadjustment based on kidney function

Despite these complexities and limitations, international
and local expert groups support the use of automated eGFR
to guide drug dosing.’® Overall, this appears reasonable
giventhat potential benefitsfrom aparticular method (even
if it was used to establish the therapeutic dose) are likely
to be reduced in most cases due to inherent errors
associated with any of these methods.

Drug information resources do not apply a consistent
approach to the dosing of drugs in the context of kidney
disease. For example, metformin and rivaroxaban dosingis
based on creatinine clearance (presumably Cockcroft-Gault
eCrCl), eplerenoneon eGFR, and tranexamic acid on eGFR
or serum creatinine depending on the resource. For lithium
or sotalol, guidance for dose reduction is generally vague
and a conservative approach is recommended for initia
dosing and up-titration.

Small deviations in eGFR are not likely to be clinically
meaningful and should not lead to an immediate dose
adjustment (or cessation) but instead prompt ongoing
monitoring of kidney function.

A more careful approach may bewarranted for drugswith
anarrow therapeutic index. Thisisparticularly the caseif
the patient’s eGFR is close to athreshold prompting dose
adjustment, the patient hasabody surface areathat differs
significantly from 1.73 m?, and the drug requiresaminimum
concentration to be effective (e.g. antimicrobials). Insuch
cases, the eGFR should be corrected (de-indexed) for the
body surface area, and drug efficacy and toxicity should
be monitored. Therapeutic drug monitoring is also useful
for somemedicinessuch asdigoxin, lithiumand potentially
oral anticoagulants.

Table2 Impact of patient characteristicson estimatesof GFR
Patient characteristic eCrCl eGFR
Reduced GFR May be less accurate May be more accurate

Actual BSA >1.73n7

Older age (>70years) Acceptable

Younger age (<40 years) May be less accurate
Obesity (eg. BMI >30kg/n?) OverestimatesGFR, use

or weight >120 kg adjusted ideal body weight

BMI <18.5 kg/n? or weight <60 kg

Depends on body weight
only, height is not incorporated

Acceptable, use actual

Actual GFRis>30% higher for taller
or heavier individuals

Acceptable
May be more accurate

UnderestimatesGFR, use
de-indexed eGFR

Overestimates GFR, use de-indexed

eCrCl is estimated cresatinine clearance as determined by the Cockcroft-Gault formula The formula was validated against a 24-hour creatinine
clearance and the units are mL/min. Actua body weight is commonly used in the calculations. The eCrCl is usualy higher than the actual GFR.
eGFR is the estimated glomerular filtration rate as determined by the CKD-EPI formula. The formula was validated against a measured
glomerular filtration rate and the units are mL/min/1.73 m? body surface area.

BSA body surface area BMI body massindex

GFR glomerular filtration rate
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Conclusion

Automated eGFR is an adequate measure of kidney
function for drug dosing in most cases, but there are
notable exceptions requiring further consideration. Dose
adjustment in chronic kidney disease always requires
decision making on a case-by-case basis. Alternative
laboratory methods for guiding drug dosing are being
researched, such as tests based on cystatin C, and may
have auseful rolein the future.

Acknowledgement: Darren Roberts acknowledges
support of the Clinician ‘ Buy-Out’ Program, & Vincent’s
Centre for Applied Medical Research.
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Lithium therapy and its interactions

Summary

Lithium is one of the most effective mood
stabilisers for people with a mood disorder.
However, many of these patients are also taking
other medicines that could potentially interact with
lithium.

To minimise the risk of relapse, it is usually
necessary to maintain the lithium serum concen-
tration between 0.6 mmol/L and 0.8 mmol/L.

Lithium clearance is easily influenced by drugs
that alter renal function such as ACE inhibitors,
angiotensin receptor antagonists, diuretics, and
non-steroidal anti-inflammatory drugs.

It is therefore prudent for prescribers to monitor
and adjust the lithium dose to avoid adverse effects
or loss of efficacy

Keywords: bipolar disorder, lithium, mood
disorders

(Aust Prescr 2020; 43: 91-3)

Introduction

Driven by new research reinforcing the unique benefits of
lithium, there has been a worldwide resurgence in the
prescription of lithium. In clinical practice it is used
predominantly to stabilise mood.! It remains one of the
most effective optionsfor bipolar disorder,? along with the
newer atypical antipsychotics.® Lithium also servesasan
effective adjunctive option for recurrent or resistant major
depressive disorder and has anti-suicidal propertieswhich
areinvaluable in the management of mood disorders.

Lithiumissmpleto administer andisusualy well tolerated.
Routine management of patients receiving lithium mono-
therapy is relatively straightforward.* However, compli-
cations can arise when other drugs are added that could
potentially interact with lithium.

Regular monitoring of lithium plasma concentrations and
other safety parameters is essential. Results should be
communicated to the patient and everyone involved in
their care. Aids are available to assist prescribers with
lithium management, including an Australian tool called
the‘Lithiumeter .*

Sri Lanka Prescriber, Vol. 28, No.3& 4, 2020

Indicationsfor lithium

Patients with classic, episodic and remitting bipolar
disorder with afamily history and no psychiatric comor-
bidity aremost likely to respond to lithium. Typicaly, lithium
is effective in about a third of patients — with response
rates up to two-thirds in those whose relatives have
achieved good responses.® It is likely that people who
commence lithium early in the course of their illness may
have greater likelihood of response. In major depressive
disorder, lithium isused to augment antidepressant drugs.

Lithium monitoring

Lithium has a very narrow therapeutic window for
maintenancetherapy. Too littlelithium risks undertreatment
of themood disorder and increasestherisk of relapse. Too
much lithium increases therisk of both acute and chronic
toxicity. Lithium concentrations should always be
measured 12 hours after the last dose.

For the mai ntenance phase of treatment, recent guidelines
recommend that patients maintain a serum concentration
of 0.6-0.8 mmol/L to maximise therapeutic benefit.®
For acutetreatment in mania, serum concentrations should
beincreased to 0.6-1.0 mmol/L astolerated. In depression,
concentrations can be in the range of 0.4-0.8 mmol/L. In
practice, target concentrations and monitoring practices
are often inconsistent. Not all pathology laboratories use
the same reference ranges, therefore noting whether the
lithium concentration is consistent with the patient’s
presentation and the guidelines is essential.

Asapart of optimising lithium dosing, cliniciansmay notice
that aspecific concentration achievesthe most therapeutic
benefit during euthymic periods and during manic and
depressive episodes. Taking note of this is essential and
helps to ensure stability of these patient-specific concen-
trations over time, particularly during each illness phase.

Maintenance of the therapeutic concentration (and
adherence) isthe strongest predictor of long-term stability.
However, in some patients, stabilising their mood is not
always possiblewith lithium alone. A trial with other mood
stabilisers, such as adjunctive sodium valproate or an
atypical antipsychoatic, is often necessary.

A recommended monitoring schedulefor lithiuminapatient
not taking other drugs is outlined in the Box.* Drug
interactions are more likely to affect patients as they get



older because of declining renal function and the
accumulation of medical comorbidities. Close monitoring
and dose adjustments are therefore often needed as
patients get older.

In patients taking concomitant drugs, extracare should be
taken because of the risk of drug interactions. Lithium
concentrations should be closely monitored around the
time of medication changes—at least just before and when
the drugs have reached steady states. Lithium’shalf-lifeis
about 24 hours, so asteady state is usually achieved after
5-7 days. A complete list of lithium drug interactions can
befound at MIMS Online or Drugs.com.

Regular monitoring isrequired until atherapeutic concen-
tration of lithium isreached and maintained, and any time
that the patient presentswith symptomsof lithium toxicity.”
Conditions|eading to haemodynamic and volume changes
such as dehydration, febrile illness, gastrointestinal oss,
drug interactions, perioperative management and surgery
can affect lithium serum concentrations and level s should
be rechecked in these circumstances.

Prescribers should contact the treating psychiatrist or
consult a medicines information pharmacist if they are
unsure how to manage a patient. Having up-to-date serum
lithium concentrations at hand will assist.

Adver seeffectsof lithium

Regular long-term monitoring of lithium concentrationsis
essential to avoid both acute and chronic toxicity. Physical
examinations and laboratory investigations should be
performed at baseline and regular intervals after that
(seeBox).

Common acute adverse effectsinclude tremor, polydipsia,
polyuria, dysgeusia, nausea and diarrhoea (see Table).
Prescribers can reassure patients that these adverse effects
areusually transient after starting treatment. They are often
dependent on the serum concentration of lithium and
frequently subside within days or weeks. Nephrogenic
diabetes insipidus (polyuriaand polydipsia) isacommon
adverse effect of lithium.

Chronic adverse effects include subjective cognitive
effects, thyroid and parathyroid dysfunction, and renal
dysfunction (see Table). Some patients may report more
mild neurocognitive effectssuch as‘ brainfog’, ‘ emotional
greying', ‘slowing’, ‘shakiness’, anomia, and ‘reduced
cregtivity’. Thehigher thelithium concentration, the grester
the risk of toxic presentations. In the long term, or with
higher blood concentrations or repeated acute fluctuations,
lithium leads to end-stage renal failurein 1% of patients
(over 15 years treatment).2 However, it should be noted
that most patients do not experience renal adverse effects.
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Common drug-druginteractionswith lithium

The most common and noteworthy drug-drug interactions
with lithium are pharmacokineticin nature. Thelithiumion
is extensively absorbed in the gastrointestinal tract. The
main determinant of serum concentrations is renal
excretion, therefore the main drug interactions occur when
co-administered drugs ater rena function, specifically
modifying glomerular filtration and tubular reabsorption.

The most commonly prescribed drugs that have the
potential to interact with lithium are ACE inhibitors,
angiotensin |1 receptor antagonists (sartans), diuretics, and
non-steroidal anti-inflammatory drugs (NSAIDs). Combi-
nations of these are frequently used, so prescribers should
beaware of their additive effectsfor apatient taking lithium.

Box Monitoringschedulefor lithium ther apy

Baseline assessments and follow-up of patients should
be performed:

* during the early maintenance phase (e.g. baseline, 7
days, 14 daysand 28 days) then at 3, 6 and 12 months,
then annually

and

e when there are any changes in presentation
 following abnormal findings

» when altering the treatment regimen

Regularly check thefollowing:

e serum lithium concentrations and mood and stability
overtime

 rena function
- €electrolytes, urea, creatinine
- edtimated glomerular filtration rate
« thyroid and parathyroid function
- hyroid stimulating hormone
- cacium
* blood and cardiometabolic tests
- full blood count, glucose, lipids, liver functiontests

- ECG
- weight, BMI, umbilical girth
- diet and eating behaviour
- exerciseand hydration
- other comorbidities
e adverse effects
e cognition
e global functioning
 treatment adherence

Based on reference 4
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Table Major adver seeffectsof lithium therapy

Toxicity Adver seeffect Action
Acute Any acute adverse effect or presentation Measure lithium concentration
Headache, fatigue Consider stopping lithium
Thirst, taste Review medication
Arrythmias Hospitalisation
Nausea, vomiting, diarrhoea, polyuria Review hydration and consider
haemodialysis
Tremor Monitoring and review medication
Chronic Cognitive effects, ataxia, agitation, Monitor changes, optimiselithium

confusion, sluggishness

concentrations, neurological referral

Thyroid or parathyroid dysfunction

Monitor changes, optimiselithium
concentrations, endocrinology referral

Rena dysfunction

Monitor changes, optimiselithium
concentrations, nephrology referral

ACE inhibitorsand angiotensin || receptor antagonists

Several case reports and hospital admission studies have
shown that ACE inhibitors and angiotensin Il receptor
antagonists can increase lithium serum concentrationsand
increasethe chance of toxicity. Closer monitoring of lithium
concentrationsis needed when people start either of these
drugsand thelithium dosewill probably need to bereduced
until astable therapeutic concentration has been achieved.
Closer monitoring is also required when these drugs are
stopped.

Diuretics

When any diureticisused, lithium concentrations must be
carefully monitored. Thiazide and thiazide-like diuretics
increase sodium reabsorption which decreases the
clearance of lithium and significantly elevates lithium
concentrationsin serum. Thisis enough to fall out of the
therapeutic rangein many cases. Asarule of thumb, many
prescribers halvethelithium dose then up- or down-titrate
the dose with monitoring. Other prescribersavoid thiazide
diuretics altogether.

Amilorideisrecommended as adiuretic becauseit blocks

entry of lithium through the epithelial sodium channel in
the collecting duct. Thisreduceslithium accumulation and

Sri Lanka Prescriber, Vol. 28, No.3& 4, 2020

may improve kidney function in patients on long-term
treatment.®

Other diuretics such as the osmotic methylxanthine (e.g.
theophylline) and loop (e.g. furosemide (frusemide)) and
potassium-sparing (e.g. spironolactone) diuretics may also
ater lithium concentrations.

Non-steroidal anti-inflammatory drugs

Patients on lithium therapy should be advised to avoid
NSAIDs. Regular use is more problematic than episodic
use. NSAIDsdifferentialy alter lithium concentrations by
multiple mechanisms, and one of these is to reduce
prostaglandin E2 by inhibiting cyclo-oxygenase. This
reduces vasodilation of the afferent arteriole which
decreases blood flow to the glomerulus. This decreases
glomerular filtration and consequently lithium excretion. If
NSAIDsareindicated, they should be used under medical
guidancewith closer monitoring of lithium concentrations.
Lower lithium doses may berequired.

Other drugs

Acetazolamide for intraocular pressure, glaucoma and
epilepsy has been shown to significantly increase lithium
clearance.
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Conclusion

Lithium has an important role in the treatment of mood
disorders. Prescribers need to be mindful of its potential
drug interactions and theimpact they can have on patients.
Improved knowledge of and confidence with monitoring
will contribute to better patient outcomes.
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Answers for self-assessment questions on aspirin

1. FTTFF
Aspirinin primary prevention reducesrisk of myocardial infarction (RR 0.83) and colorectal cancers(OR 0.76).

2. FFFTT
Aspirin primary prevention in non-diabetics (ARRIV E trial), in diabeticswithout evidence of CVD (ASCEND trial)
andin elderly (ASPREE trial) have more or equal risksthan benefits. Colorectal cancer protection comeswith more
than 10-year use of aspirin.
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