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CLINICAL PRACTICE

Aminoglycoside monitoring: perspective on current trends

in the Western Cape

Pieter van der Bijl

Therapeutic drug monitoring (TDM) of antibiotics is employed
only for aminoglycosides, chloramphenicol and, arguably,
vancomycin."*

Aminoglycosides are first-line antibiotics in treating
infections of Gram-negative micro-organisms that are resistant
to less toxic agents.” They have potent concentration-
dependent bactericidal activity, a post-antibiotic effect (PAE),
relatively predictable pharmacokinetics and act synergistically
with many other antibiotics. With susceptible organisms,
clinical responses are rapid and understanding their toxicity
profiles has allayed fears relating to adverse effects of these
drugs (principally nephro- and ototoxicity).

TDM of aminoglycosides is costly and some controversy
exists with regard to its role in patients with adequate renal
function.”” The serum levels in such patients must be carefully
interpreted, since pharmacokinetics may be altered by many
factors other than renal function.*®

Aminoglycosides are administered by traditional or pulse-
dosing regimens, i.e. they may be given in divided doses thrice
daily or as a bolus (total daily dose) 24-hourly. With pulse-
dosing, toxicity and costs (logistical and TDM) may decrease
and higher plasma concentrations could improve their PAE.

Resistance to aminoglycosides may be due to decreased
antibiotic uptake/accumulation and efflux from the organism,
modification of the ribosomal target as well as enzymatic
degradation of the drug.” Except for amikacin, the latter
mechanism appears to be the primary cause of acquired
resistance to these drugs.

In view of the above, it was the aim of this study to
investigate the demands for blood level determinations of
amikacin, gentamicin, netilmicin and tobramycin over the past
13 years in the Western Cape, to compare these results with
resistance patterns and to discuss the patterns in terms of
changed dosing regimens, costs and published literature.

Pieter van der Bijl is a 6th-year medical student. He performed
the study as a student intern project in the departments of
Pharmacology and Medical Microbiology, Faculty of Health
Sciences, Stellenbosch University, Tygerberg.
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Methods and materials

The Pharmacology/Toxicology Laboratory of Stellenbosch
University and Tygerberg Academic Hospital provides a 24-
hour service, primarily to the Tygerberg Academic Hospital,
but also an after-hours service to Groote Schuur, Victoria, Red
Cross, 2 Military and a number of satellite hospitals. As a
result, this laboratory processes the largest number of
specimens by a single laboratory in the Western Cape. The total
requests received for TDM of aminoglycosides, which in 1991
and 2004 numbered 8 585 and 2 204, respectively, are therefore
probably the best available reflection of the demand for these
analyses, and by extrapolation, the usage of aminoglycosides,
in the Western Cape.

Laboratory records from the Pharmacology/Toxicology
Laboratory of Stellenbosch University and Tygerberg Academic
Hospital were examined, spanning the period 1991 - 2004. The
number of requests for serum determinations of four
aminoglycosides, i.e. amikacin, gentamicin, netilmicin and
tobramycin, was extracted from these records. All routine
serum determinations of the aminoglycosides are performed
quantitatively by means of a fluorescence polarisation
immunoassay (FPIA) technique. The data were transferred to
an Excel spreadsheet (Microsoft Incorporated, Seattle, USA).
Hereafter, the number of requests for determinations
performed (totals per month and totals per year between 1991
and 2003) was plotted for each aminoglycoside using
GraphPad Prism software (GraphPad Software Inc, San Diego,
USA).

Similarly, laboratory records from the Department of Medical
Microbiology of Stellenbosch University and Tygerberg
Academic Hospital were examined, spanning the period
October 2002 - September 2004. The number of organisms that
were exposed to amikacin, gentamicin and tobramycin,
excluding netilmicin, the latter being primarily used in the
private sector, as well as their susceptibility profiles, was
obtained from these records. Acinetobacter species was chosen
as an example of a bacterium that demonstrated a relatively
high level of resistance to aminoglycosides in comparison with
other organisms of which fairly large numbers were also tested.
Acinetobacter species, in particular Acinetobacter baumannii, has
been associated with a number of clinically significant
infections in Tygerberg Academic Hospital, Johannesburg
Hospital and other hospitals worldwide.*” The data were again
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transferred to an Excel spreadsheet (Microsoft Incorporated, i
Seattle, USA). Hereafter, the percentage of Acinetobacter — = =
species, as well as A. baumannii, that was resistant to amikacin, ] 754 i
gentamicin and tobramycin, was plotted (in 6-monthly i
intervals for the period October 2002 - September 2004) using h 50
GraphPad Prism software (GraphPad Software Inc, San Diego, s
USA). | 2% H |'|
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The number of analyses for amikacin, gentamicin, netilmicin o™ pv‘sy ¥ ,#“"
and tobramycin for the period 1991 - 2004 (requested per Period

month and per year) are shown in Figs 1and 2, respectively. Fig. 3. Percentage of Acinetobacter species resistant to amikacin,

gentamicin and tobramycin.
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Fig. 1. Total number of analyses for aminoglycosides requested per Period
month (1991 - 2004).

Fig. 4. Percentage of Acinetobacter baumannii resistant to
amikacin, gentamicin and tobramycin.
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result of these daytime services, data obtained from the current
study are therefore necessarily somewhat conservative with
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% 500 regard to the true usage and demand for aminoglycoside TDM
g 400 in the Western Cape.

S 300 The data on microbial resistance reflect only the patterns at
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Tygerberg Academic Hospital, since the Department of Medical
Microbiology of Stellenbosch University and Tygerberg

Academic Hospital performs these determinations only for this
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particular institution.

F th ber of level t th
Fig. 2. Total number of analyses for aminoglycosides requested per rom the number of serum level requests per month (average

year (1999 - 2004) approximately 3 000) (Fig. 1) it appears that peaks occurred in

early winter and spring for amikacin TDM, therefore reflecting
a seasonal pattern in the demand for analyses for this

The percentage of Acinetobacter species and A. baumannii that
aminoglycoside antibiotic. A similar pattern was observed for

were resistant to amikacin, gentamicin and tobramycin for the
period October 2002 - September 2004 (divided into 6-monthly
intervals) are shown in Figs 3 and 4, respectively.

netilmicin and tobramycin, with monthly totals for these two
agents approximating 16 and 50 analyses, respectively.
However, in contrast, this did not appear to be the case for

Discussion gentamicin, for which the monthly demand remained relatively
constant at approximately 2 000. While no definite

Several of the previously mentioned hospitals, other than explanation can be given for these observations, one may

Tygerberg Academic Hospital, as well as certain private speculate that the increased number of seasonally related

pathology laboratories, provide their own daytime analytical requests is associated with a higher incidence of infections

services for serum determination of aminoglycosides. As a occurring during winter and early spring.

“'\
July 2005, Vol. 95, No. 7 SAMJ b:m



s31y) $00g Toquandag - 700z 1090300 porad ay) Sunmp jueisuod

AJIrey paurewal sey upeIue pue unIwejuss 0} Jueisisal
nuupnpg 7 pue saads 4ajovqojauidyy jo adejuadrad ayg,

‘sauojoumb

pue surtodsoreyded jo suonerouad Y3y pue pig "89 ‘sonjorquue

dAneuId)[E JO AJI[IqeTeae ) pue susawrdar Jursop-asind jo asn

3y} 03 pajeral aq Aewr s1eak ¢ jsed a3 1040 saprsodASourure
Jo 93esn a ur auIPIp [LdIS0[OUOIYD [enperd oy} ‘Terousd uy

s SyuRnzRd ([T A[[RonLD Ul apImpriom wapqord Surseamdur ue

SI ‘2Injeu ur peaidsapim aIe YDIYM ‘I[[IDBqODD0D dAIRSaU-Welr)
snojymbiqn asayy 03 sdoue)sISaI SNIPHNUW JO SDUILINDIIO A,

o' SWISIURSIO 127004072119/ JUR)SISAI-DOIGIIUE YJIM SUOT}ORUL

ur ‘wrepoeqns /uroidure 8- ‘syuade 1930 YIIM UORUIqUIOD UL
Pasn uaym 9ATIOAJJ SI 1 “saprsodA[Souruue oy} Juowre saqyord
£3101X0} S[qRINOAR] SSI] A} JO U0 sey unAweiqo} Y3noyiry
upIejuag pue unerwe urpnpur ‘spuade [eIqoIWiueR
IS0 [[& 03 Jue)sIsar sarads [9190q0jau1dy YIIM PajOdJul oIe
oym spejrdsoy adeD) UIa3Sap UT SJIun a1ed dAISUJUI Ut sjuanjed
Surjear) 10§ 3SN “JUSHIULISIUL JId[E ‘[1JSSIONS A[qeUOSELaI

ST §3097§a1 A[uUIe}IaD JSouIfe 00z ,/ 00z Ut aseamur dieys

sry, reak Surpaoard ayj ur ULy} I9MO[ JRYMIWOS SeM IdqUINU
12303 a3 Y31y paurewas (g Ul uAureiqoy 10y sysanbax

a3 ySnoyyy -s1eal g1 Surpadaxd a3 ur dnorquue Sy} 10y

sysanbar yarm paredwod ¢og Ul paAISSqo sem UDAWRIGO] 10§
sysanbau ur (p[oj-0[ 3sowrre) st JuedyIuSIS pue uSPPNs y 000z
pue 6661 U9IMIaq PUe /661 ‘Se61 Ut Sunjead sysenbar “ouuew
Sunenjony padIew B Ul paseaidap os[e sasA[eue unAuwreiqo}
10§ SPURWISP A3 “[661 2OUY "TO0T PUL 6661 U9OMIA]
Surrmooo sead [ews e ‘g0z Ul [ 03 661 Ul G¢ WOIJ PISeaIdap
A[renpeid ospe unnumau 105 sysanbair Jo vquunu ay [, dHOIqIIUER
3[qPI[aI  SI0JAI3Y) SI PUE (SA0JE 3S) DURISISAI DIJRWAZUD
SBunnpur 03 duoxd SS] ST UIDLYIWE “OIOULISY}N,] "JLInNdde
arow Juriojruow Sunyeu S[PAJ] poo[q IYSIIY A[PAne[RI
SGumnsus ay3 ‘oryord £jayes 19139 ST 03 SUIMO paId)SIUTWPE
9q Aewr sasop 1oY31Y pue upuejuad uey} OIxo} ssaf A[[erousd
sI 31 “aarsuadxa st oporquue siy} Y3noyiy “zoog ur paxead
S[@A9] POO[q UDENIWE I0] SPUBWIP “ISAIMOL] UOILAIISAO
SIy3 03 pangruod aaey Aew ‘srejrdsoy ajeys uo paoed
sjurensar A1e3a8png ayj pue ‘sasop A[rep [ensn ayj ur (1a33e[
a3 se aarsuadxa se a01m} Jsea Je SuIaq JSULIOY 3Y}) UDIUIRjuas
SINSIDA UDEIWE JO 3S00 IOY3IY 3} Jey} S[RATIdUO0D SI I “100T
puE 6661 U99MIaq UDIWIRIUSS JO 3s0) mo[aq Surfey sjsanbax
JO IdqUUNU 3y} “UdeIue jo adesn ayj ur aurpap dieys e sem
313 ‘100C PUt [66] U9aMIdq A[IPLalS PauIap UunIuejuas
pue upeyIwe jo sask[eue 10y sysanbar jo roquunu ayy jeyy g "8ty
W01y 183D ST J1 ‘PAUISDUO0D S SPUSI} [BNUUR J} SE Iej Sy

INNI0J [INVS




*889T-1891 b ‘C00C 2HjoutayD) sjualy qoiopujuy
100 01 8661 ‘sa1018 pajtun) ayy ut syusnyed pazipeydsoy woxy nuuvunyg 12jouqojauIdy
pue psourSniay suuouopnasd Jo saye[ost feorurpd Suoure Aiqudassns [erqomnnunue

10§ SOUB[[PAING {( WIS Y] PUL[paL ‘D Auagswioy, ‘g sauof ‘D Sei( ‘v( Bismopey ‘[T
*§C-12 *LT HO0T (010N MIN “SUOHRUIGUIOD
JnoIqIue dYSISIBUAS JO 109JJ9 AU} PUE SUIRL)S NULDUNDQ L2]IVG0]ILIY TEIUIODOSOU JO dIUR)SISAT

J1OIqUUE UT SPUaI) [ENUUY N UBIRqUBIADIOYS ‘g I9Z() ‘S ULdIND) ‘[ unyjO-uewie], ‘o[
“L62-¥8T 8 F00T ST #9fu] [ juf “wreaBoxg
SDUB[[IDAING [CIqODIWNUY AN LNHS 943 JO 110da1 1eak-aA1 :surens Juejsisal Snip-nmnu
JO UOIPUTWSSSIP [EUONPUISIUT JO UONRZLIDIORIRYD pue eduawy une ut ‘dds sajovqojauidy

JO Spua1} dURISISaY “SH I19PRS ‘N SIUO[ ‘DY Sa[eD) ‘G 1A[IS ‘S dpeIpuy ‘GO wruso], 6
“182-8/T 1T€ H00T 10411100 J9afu] [ 1y “edLIyy YINOG ‘SINGSaUULYO[ Ul SUTRKS L2]ODG0JIULIY

Jueysisai-ued jo roysuen reydsoyraiu] Oy 9sn( ‘g LAO[RIA ‘A ZeLd,] ‘0 Suof (] ‘g SIeIRN ‘8
"0SP-0€Y 19T ‘€00T 2 [01qOIN UlD

armny a1ay) 10§ spadsoxd pue saprsodA[Sourwe jo Lesisp G AIYSEqOIA ‘gS ONUS[NNEA L
"96-b¥ €2 ‘€00 Adviayjoovuriviyg “udIpIyd Ut Suisop

aprsodA[Sourue AJrep-ouo SUIPUNOLINS SANSST [EIIUID) M SSNG V[ 12I9AT ‘YD) I219pouwy] 9
‘LPE-TEE LE ‘6661 UpjoovuLYd 1D K[19p[d

Ay ur unruejua$ jo Surrojruowr Snap onnaderay) pue sopaunjodewLrey ] g soreyD ‘q s88uy g
‘Sep-see ‘1 1ddns :zg {100 j0ovuinyd wid [ 4q

‘sjuae [erqomdrumue jo Surrojiuow dynadesayy sy D ornedsuny ‘T Aepreq ‘(g 883g b
F6E-GE BT ‘661 So1ulou02a0ovuLipy ~Surrojuow Snip onnadersay) ySnonyy uonuasaxd

$31 pue £)11x03 apisodA[Sounue jo edwr onuouody N Anefedde) Ty eySneg g
"OFLL-6CLL ¥ ‘8661 tayD 1]

*s@nup [erqonnumnue Jo SuULIO)IUOW 10§ SAUNPPMSE A101eI0qRT *[, UYO[ VD) IB[qRIS-1oWwWel] 7
‘Sh-1€ 9861 ‘sdLI0jeIoqe] HOqqY XL “Sutalf
“Sutiognuopy Sniq oynadviay ] fo uowonddy oty ayy 40f y00qixal 'SP ‘HIA SSOUIARD)

SIdI(] ‘[M I0[AR] U] *suonenuadu0d Snup wnias jo uonejardioquy (M 10[e], ‘([ uosuiqoy ‘L

‘eyep Aroyeroqe] a3 Suraarnar ur Aoy Jay) 10y ‘A[pAnoadsax

‘A30701qOIDIA] [EIIPIA pue ASojodewureyJ jo syuaunredag

9} JOo Aempooo) [ pue udnig ap H [ SISSIJN 03 [nJojerd os[e we |

Apnys s1y3 Sunyeropun 10§ JUSWISLINOIUD PUE [}IM dDUL)SISSE
IV} I0J UBULIISSEA F PUe YAH UeA (] Y SI uey) 03 Ysim |

"syuaryed [[e JO S)SOIAYUI 3S9q Y} UI 9] [[IM ST

‘A[renunuod sureyed adueisIsar pue JULIOJIUOW ‘asn Iy} JO
SpuaI} 93 9AIISAO 03 JueiodwI ST 3T PUe “DInjny 9[qeaasaioy o)
UT POIOJIUOW PUB Pasn 3 0} SNUNUOD [[IM SIPISOdA[Sourury
-ade) ureisopy a3 ur sureyed 9OURISISAIL YIIM UOTIR[OLIOD

S)1I pue saprsodA[Sournuue jo (L 10j puewap a3 03 predar yim
Apnis spuaI} PapPU)Xd ISIIy Y3 ST SIY} ‘OILME WeE | Se Ief Sy

suoIsnPuUo)

‘pouad awres a3 SuLmp unAurerqo;

JO asn a3 o Aouanbaiy paseaIdur S} YIM INdUOD PNom
SUOTJEAISSqO s ], ‘F00g oquaidag - Zpog 1090300 porad a3
ID9AO0 9,99 0} %[ ¢ WOIJ PISLIIDUT S9)L[OSI JUe)SISaI Jo a3ejuadtad
oy sorads 1ape oYy 104 (¥ pue ¢ s3LY) nuuvmnng 'y

10§ paounouoid arowr yonu st ureyed Sy ‘@due)sisax

ur aseaIdulr ue s3sa33ns sarads 4a70vqogau1dy, 03 predax

UM puarn [erauad a3 ‘Apnjys juasaxd ay) ur “YSnoyiy 4 eoLyy
INOG JO JeY} 03 SOINJONIIS DTWOUODIOIIOS ILIWIS dARY UITYM
‘SILIJUNOD ULDLIWY UIje] Ul [0 Ul punoj (%%G) umiureiqoy
0} S93L[OSI JUr)SISAI JO aZejuadiod o8eIsAr Ay} YIM SINdU0d SIY L,
(€ "8L]) %16 pue 9%g¢ Usamiaq Surduer Inip siyj 0} jueisisal
S9E[OSI JO JOqUINU 3]} “DTWEUAP SI0W U] Sey UDAWEIqo) 03
juessisar sarads agovqojaudy Jo urapred ayy IOAIMOL (F pue ¢

IWNI0A [INVS



