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 GENTAMICIN: ACTIVITY IN VITRO AGAINST GRAMNEGATIVE 

    ORGANISMS AND CLINICAL EXPERIENCES IN THE 

     TREATMENT OF URINARY TRACT INFECTIONS

     M.  OHOKOSHI*, Y.  NAIDE, T. KAWAMURA, K.  SUZUKI, 

 T. KAWAKAMI and I. NAGAKUBO 

Department of Urology,  Keio University School of Medicine, Tokyo, Japan

 Gentamicin is a new broad-spectrum antibiotic 

which is produced by the fermentation of  Micro-

monospora purpurea, originally found by WEINSTEIN 

et  al',^)  . Chemically, gentamicin is composed of 

two components closely related each other, both of 

which contain three primary amino  groups1,2).  2- 

Desoxystreptamine was isolated after acid hydro-

lysis from both components. Acetylation deprived 

of their antibiotic properties as was in the cases 

of other antibiotics belong to oligosaccharide group. 

Formula weight of gentamicin determined by osmo-

metric measurements was  425±211,2). The renal 

clearance of gentamicin was approximately equal 

to the glomerular filtration  rate. Single doses of 

 0.8 mg/kg administered intramuscularly gave ave-

rage peak blood levels of  4.  7  mcg/ml and average 

urinary levels of 240  mcg/ml at first two hour  frac-

tiono. With larger intramuscular doses, 86 to 100% 

recovery in urine was obtained during 24  hourso. 

Activity of gentamicin was very much affected by 

pH and salt concentration in the medium. The 
antibiotic was most active at an alkaline pH, and 

decrease of activity was noted at acid pH. The 

area of most significant change was around the 

point of neutrality. Increasing concentrations of 

sodium chloride in the medium caused a progres-

sive decrease in the  -sensitivity of the  organisms'). 

Gentamicin was found to act bactericidally at 

any phase of growth, and sulfate salt of .genta-

micin was approximately twice as active on a 

weight basis as its sulfonate salt". Toxicity 

studies in the  cat- showed that vestibular damage 

(ataxia) was noted at the 50 mg/kg level on the 
15 th day. Also, renal tubular necrosis was  found 

in the rat and dog dosed with more than 40  mg/

 kgo. 

 In vitro and clinical studies were undertaken to 

determine its efficacy in stubborn urinary  tract 

infections caused by multi-resistant organisms. 

 MATERIALS AND METHODS All organisms 

tested were the strains which had been isolated 

from infected urine specimens in out-patient clinic 

and wards of Urology service at Keio University 

Hospital. Most of them had multiple drug  resis-

tance. In the study of cross resistance an E. coli 

and two Klebsiella strains which harbor R  6(R-fac-

tor carrying resistance markers of sulfa-drug, st-

reptomycin. tetracycline, chloramphenicol,  kanamy-

cin and neomycin) were employed. The three 

substrains of E. coli K-12, which received these R-

factors by the method described elsewhere, were 

also used in this experiment. Generous supply of 

Watanabe was a substrain of K-12 carrying R 6 of 

 Lebeck6). 

 All organisms were cultured in Penassy broth or 

on Penassay agar (Difco). Gentamicin sulfate was 

donated by the Shionogi Pharmaceutical Co. Ltd., 

Osaka, Japan. Incubation of cultures was at 37°C 

for 16 to 20 hours. Minimal inhibitory concentra-

tions of gentamicin against these organisms were 

determined in vitro by the serial agar dilution me-

thod.  About  104 cells were inoculated on  each small 

segments of plates using a small platinum loop. 

The patients who received gentamicin courses were 

those who had been treated at clinic and wards of 
our service and had been suffering from complica-

ted urinary tract infections. Most of them had 

some underlying conditions such as stones, tumors 

or fistules, and some of them had received surge-

ries followed by indwelled catheter treatment re-
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Tables1 Patternofsensitivityofurinary

pathOgenStogentamicin

Table2 Susceptibilityof

togentamicin

strainscarryingR6

Species
No.of

strains

tested

No.ofstrainsi無hibited

(dugcoコcentration三nmcg/漁1)

0.250.51.02.55,0102525<

E.`o疏 10 0 4 5 10 10 10 10 10

α 〃oう46∫〃 3 1 3 3 3 3 3 3 3

K'6う ∫弼 ∫σ 6 3 4 4 6 6 6 6 6

αoαω 2 0 1 1 2 2 2 2 2

Pγ0まθ駕S

伽 夏9姻3
2 0 0 0 2 2 2 2 2

伽 名9伽8〃 σ 3 1 2 3 3 3 3 3 3

R6≠ 忽6ザ6～∫α 3 3 3 3 3 3 3
'3

3

Pγo"毎6伽o`σ 2 0 1 1 1 1 1 1 2

P3θ 駕40勉o"σ3 15 3 10 10 10 13 15 15 15

E.oo魔93

Klebsiella309

Ktebsiella313

E.coliK-12

E.coliK-12/R-93*

E.coliK--12/R-309*

E.celiK-一 一12/R・・-313*

E.coliK-12-R6**

Minlma1inhibitory
concentration
(mcg/ml)

0.5

0.5

0,5

0.5

0.5

0,5

0.5

0.5

Tota1 11 1128304344 454546

*E .celiK-12receivedresistancefactorfrom

thestrainscitedbynumber

**亙 。coliK-12habori箆gresistancefactorwhich

carriessixresistancem.arkerfoundbyLEBECK

Table3(1)Resultsinpatie益tstreatedwithge且ta血ici簸

Diagnosis Age,Sex Underlyingcoditions
Dosis

mg×days
1 幽1

1 Chronicpyelonephritis 52 M StrictureatP-Ujun.cti◎n、Y-Vplasty 80×7

2, Chronicpye1◎nephritis 28 M StrictureatP-Ujun.ctionY-Vplasty 80×7

3 Chronicpyelonephritis 8m.F Vesicour琶teralref[ux。Hydronephrosis(unilateral) 40×7

4 Chroniccystitis 60 M Bladdertu.mor.Transurethra正resection 80×7

5 Chroniccystitis 51 M Bladdertumor.Partialresectionofbladder 80×7

6 (Prophylacticuse) 65 M Bladdertumor.Transurethralresection 80×7

7 Chroniccystitis 6ユ M Benignprostatichyperplasis(B.P.H.)
Suprapubicprostatectomy

80×7

8
.

Chroniccystitis 56 M
雀

B.P.H.Suprapubicprostatectomy 80×7

9 Chroniccystitis 64 M B.P.H.Suprapubicprostatectonユy 80×3

10 Chronicsystitis 81 M B.P。H.,T。U.R.prostate 80×7

11 (Prophylacticuse) 60 M B。P.H。Suprapubicprostatectomy 80×7

12 Chronicpyelonephritis 36 M None 80×7

13 Chronicpyelonephritis 64 M
琴

、

Non,e 80×7

14 Chroniccystitis&
chronicpyelonephritis

45 F Ureter◎vaginalfistule.Radicalhyste祀ctomy 80×7

15 Chroniccystitis&wound
infection 53 F

Ureter◎vagi簸alfistule、UreteroneocystomX

Vesico-abdomina1飴tule、Radicalhysterectomy
80×7

16 Chroniccystitis 32 F Ves三co-vagina1丘stule.Radicalhysterectomy 160×7

17 Chronicpyelonephritis 30 F Uretero-cutaneQstomywithindwelledcatheter 80×7

18 Chroniccystitis 26 M
Ureter◎-ileo-cystost◎my,Contractedb王adder

(tubercu五 〇sis)

80×7

19 Chroniccystitis 4 M Bladderrupture.Cystostomy 80×7

20 Chroniccystitis 27 M Urethralstricture.Urethro-plasty,cystostomy 80×7

21 Chroniccystitis 22 M Bladdercalculus 160x7

22 Chronicpyelonephritis 59 M
Ureteralstone(unilatera1)、Ureterolithotomy

]臼[ydronephrosis
80×9

23 Chronicpyelonephritis 37 M Episodeofureteralcalcu1(?) 80×7

24 Chroniccystitis&acute

pyelonephritis
29 M Urethralstricture.Bladderstone 80×7

1 脚
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Table3(2)Resultsinpatientstreatedwithgentamicin

Organism

Before Attheend
UrineW,B.C. Followupweeks Comments

Rθ玩9〃 ¢πσ None Diminished 20Wsterile Cured

Psθ 駕4ω 卿"σ3 None D三minished
2Wrecurrence
symptomeless

Improved

jPs2%40拐o"σs None Uncha職ged 4Wsuperiロfectio豆 Indeterminate

K∫ ¢うsf8z∫ご7&1～6麗967・6π σ None Unchanged 4Wsterile Improved

Pε2%40甥o"σs NGne Unchanged 4Wsterile Improved

None None
1

Unchanged 4Wsterile Successfu1

R召ま匁〃¢互18 Non.e Diminished 4Wsterile Cured

A8初40甥 ω躍s P32銘40魏o"ご2s1051m1< U跳cha箆ged 一 Failure

Ps2駕40甥o"σ3 Ps2銘40甥o鍬2s1051m1< U益cha血ged 一 Failure

αoα`復 None Dimiaished
1Wsuperinfection

symptomeless
Improved

None None Unchanged 2W Su、ccessfu1

Psεπ40甥o襯s N◎ne Diminished 8Wsterile Cured

Ps6"40魏o"σs No豆e Dilninished 1Wsterile Impr侃ed

κ妨 εfθ砺 None Uncha益ged 30Wsterile 互mproved

」Pyoま¢駕Sρ 認9. Pゲo伽s捌 ㎏.1061m1< Uncha論ged 一 Failure

濯 ゐσz∫8膨s 4∫加 ∫∫86錫85105/m1< U麓changed 一 Failure

Ps6駕40携 ㈱ αs Ps8%40携o叙2s105ノ 通1〈 Unchanged 一 Failure

Ps¢ 彿40甥 伽 σs Ps2駕40伽 獺 ε105/m1< Unchanged 一 Failure

lPS6%40彿0紹S Ps飾4備o辮s105/m1く Unchanged 一 Failure

ル勧㎎ σ"8πα&κ ∫6うS惣πσ F伽oゐ4漉 吻 魏105/m1〈 Unchanged 一 Indeterminate

Rθ 鵡9θγ召zzσ&KJのsゴ θ〃σ None Unchanged 2Wrecurrence Improved

lPs2彿40翅o"σs 」P32%40甥o"∠zs5×1051m1 Diminished 4Wsterile Improved

lP3¢掘o翅 伽 σs None Unchanged 2Wsterile Improved

E.coJj&hemolytic

s〃6μoω ご傷s
None Diminished

2Wrecurrence

symptomeleSS

ノ

Improved

cently.Thepathogenswereusua王1ythemultiイesis・

tantstrainswhichhadsurvivedsomeantibiotic

courses。Repeatedlaboratoryinvestigationswere

perfofmedtofindearlysignsoftoxicity.Fo11◎w

upstudiesweredoneforonetothirtyweeksafter

discontinuanceofmedication.

RESULTSANDDISCUSSIONSMinimalinhi-

bitoryconcentrationstu.dywasdo鶏ein46urinary

isolates.Fourtythreestrainswαeinhibitedtogrow

bythepresenceofgentamicinattheconcentration

of2.51ncgpermlorless.Onlytwomoderately

resistantPseudo〃zo"σsstrainsandonehighlyresis-

tantPγovidenciastrainwerefound(Table1).In

thestudyofcrossresistance,everystraincarrying

R6failedtogrowbyO.5mcgpermLInanother

woτdresistancemarkerofkanamycinandneo鵬y。

cincouldnotexpressresistanceagainstgentamicin

inE.ごoliandKl¢bsiellacells.{naddition,strains o
highlyre§istanttostreptomycinwerealsosensitive

togentamicin(Table2).

Intheclinicalstudy,si鵬pleacuteurinarytract

infectionswereexcludedbecausetheyarerather

self-limitingandusuallycanbecuredbyless

potentdrugs.Wehavenopara-andquadriplegics

inourwards,itisthereasonwhytheywerenot

included.Theresultsofthetreatmentsaresum・

罵narizedinTable3.

Twopatients(caseland2)weresufferedfrom

infectedhydronephrosisfollowingtoPlasticopera・

tionsontheirstrictureatpyelo-ureterallunction.

Bacteriuriaandpyuriaassociatedwithtendemess

atcost_vertebralanglewhichhadbeenpersistent

againstafewantibioticcouressquicklydiminished

byge難tamicin・Oneofthem(case1)hasremained
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abacteriuricformorethan20weeks,hisurinary

offenderwasa1～etig〃 θ砺strain.Anotherpatient

hadrecurrenceofbacteriuriaafter2weeksbuthe

wasvirtuallyasymptomatic,hispathogenwasa

Pseudome%σs.

Aneight血ontholdgir1(case3)hadunilatera1

vesico_ureteralrefiuxfollowed

UpPerurinarytractinfection

Pseudomenas.Thisorganism

72hoursaftergen、tamicinwas

whitecellsin.u、rineremained

termin.ationandinthefollowup

than2weeksuntila1～ettg〃ella

herurinarytract.

Twomalepatientshaddeve1◎pedurinarytract

infectionswhiletheyweretreatedwithindwelling

cathetersaftertransurethralresectionofbladder

tumororpartialresecti◎nofthebladder.Genta-

1picinwasstartedseveraldaysbeforeremovalof

thecatheters。Theorganisms(RettgerellaandKle"

bsiellaincase4,andPs8駕40伽o初 εincase5)were

rapidlyeliminatedfromurinarytract.However,

incase4,urinewhitecellsdidnotdiminishfora

fewweekseventhoughurgencyandfrequency

havenotrecurred.Incase5,highfeverandCVA

tendernesswhichdevelopedafewdaysafteropera-

tionalsosubsidedquicklybyge煎amicin.Pyuria

ihasbeenpersistentforseveralweeksthoughbac-

teriuriadidnotrecur.Anotherpatientwastreated

withgentamicinduringthepostoperativecourseof

transurethralresectionofbladdαtumorandpreven-

tionwassuccessfu1.

Fivepatients(case7,8,9,10and11)hadbeen

treatedfortheirbenignprotatichyperplasia.Three

ofthemreceivedsuprapubicprostatectomy。The

complicatingchronicinfectionsweretreatedwith

gentamicin。In7thpatientpathogen◎fchr◎nic

cystitiswasaRetig〃eUastrainwhichquickly

disappearedfromhisuτineandnosignsandsymp-

tomsofinfectionwerefoundforatleast4weeks.The

eighthpatientwasinfectedbyPseudomenaswhichdid

notrespondtogentamicin.Theninethpatientco斑 一

plainedofseverenauseaandvomittingonthe3rd

dayofmedicationandthedrugwasdiscont三nued.

In,case10,acystostomytubewesindwelledat

thetimeofadmissionandthepatientwascomplain。

byhydronephrosis.

wasdevelopedby

disappearedwithin

started.However

unchangedatthe

courseform◎re

strainreinfected

ingofheavyurgencyandmarkedpywiawasnoti。

ced.UrineculturerevealedaCloacastrainwhich

wasverysensitivetogentamicin(lessthan2mcg

『b
ydisc)。Responseエomedicationwasmarkedand

rapid.AweeklaterPseudemenasreinfectedthr・

oughthecystotomytu.be,butthepatientremained

symptemeless。Inthellthcase,prophylacticuse

ofgentamicinagainstinfectionviaacatheterwas

againsuccessfu1.

Twochronicpyelonephritiscases(12and13)who

hadbeenresistanttoseveralantibioticcourseswere

givengentamicin.Thebacteriadisappearedquickly

duringthecourseandurinewhitecellsdiminished

markedly。Itisnotpossibletostatewhethercase

13wasc犠redorn.otsincefollow-upcoursewas

onlyoneweek.

Intworadicalhysterectomycases,uretero-vaginal

fistuleswerethecomplications.Indwellingcatheters

inbladderorureterinducedchroniccystitisand

probablychronicpyelonephritis、Incase14genta一

面cinwasveryeffectivetoexpectivetoexpellthe

bacteria(Klebsiella)fromherurinarytract.The

patientdidnotreceivereconstructingoperationand

kidneyfunctionhasbeengraduallydeteriorated.

Howeverherurinehasbeensterileforrnorethan

halfayear(probablybecauseofureteraloccul-

sion),The15thpatientwasinfectedbyProteus

v"lgaγisrightafterureterocystostomyoperation.

Gentamicintreatmentwasineffectiveinthiscase

partlybecauseofsecondaryvesicocutaneousfistule

andprolongeddurationofindwellingcatheter.

Anotherpatient(case16)alsodevelopedcomplica・

tingcystitisfo11◎wedtovesicovaginalfistulepro・

ducedbyradicalhysterectomy.Herstubbornchro。

nicinfectionhadresistedagainsteveryantibiotic

treatmentandgentamicinwasnoexception.Alhali-

genesstraininfectingherurinarytractwasresis。

tantmorethan30mcgofgentamicin(paperdisc

methodinclinicallaboratory).

Theseventeenthpatienthaddevelopedchronic

pyelonephritisbecauseofindwelledcatheterinthe

cutaneostomizedureter.Gentamicintreatmentwas

startedtoreduceureasplittingorganismsinurine

asapreliminarytreatmentofurineacidi丘cation.

OffendingPseudomonasstrainwasnotreducedby

medication.
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Theeighteenth'patientwasatubercuユosiscase

ofurinarytract.}lereceivedureteroileocystostomy.

an.dhadbeensufferedfroπ1stubbornPseudo魏enas

infectionofhisreconstructedurinarytract.Genta・

じ つ ロ 　 ロ

mlclnwasagammeffectユve,

Ayoung叉nale(case19)hadbeentreatedwith

cystostomytubeforエnorethan3魚 ℃nthssincehis

bladderwasheavilydamagedわytraf丘caccident.

Psε 駕40勉o犯 復sinfectionhaddevelopedthro昼ghindwe1ρ

ledcatheterwhichdidnotrespondanyan.tibi◎tics

includinggentamicin.

Thetwentiethpatie雛thadbeentreatedindwelled

Foleycathetertorestorehisurethrallesio獄.Ge筑 七a-

micinwasusedtorenユoveinfectingMor8ane〃aan、d

」KlebsielJastrains.After7days粗edicati◎n,cult肛e

becamenegativ喚,howeverwhitecellsremainedun-

changed.Hisfollowups加dywasveryshort

becausehecamehomeoneweeklaterandnever

returnedtoclinic.

A22yearsold血ale(case21)receivedgentam,icin

treat魚enttogetsterileurineattheti加eofopera賞

tiontoremovehisbladderstone.Thepathogens

werもKlebsiellaandRettgereilawhichresponded

gentamicintreatment.]E【owevertheoperationwas

postponedandKl召bsiellawasfoundagainafter2

weeks.

Thetwenty-secondpatienthadbeensufferedfrom

chronicinfectionofupPerurin、arytractevenafter

uretero-1ithotomy.APs6駕40獅 伽asstrain,which

hadbeenpersistentlyfoundinurineaftertetracy-

clineandkanamyci無courses,wasmarkedlyreduced

innumber.Urinewhitecellsalsodi烹ninishedand

hislatercoursewasuneventfu1.Af[erfou、rweeks

urineculturewassteτile.

Thirty-sevenyearsoldmalepatient(case23)had

alsobeensufferingfro魚chr◎nicpydonephritis.He

hadanepis◎deofflankcolickypainsevera1斑onths

agobutexactdiagnosiswasobscurebecauseof

negativeXイay丘nding.TheoffenderwasPs召%40-

〃zonaswhichhadbeenpeτsistentafterτetracycli薮e

andkanamycintreat魚en、ts.Urinecultureobtained

72hoursaftergentamicinwasstartedwasnegative.

Clinicalimprove醜e豆ti且cludingte豆demessatcost-

vertabralangleandbackachewasremarkablethough

pyuriadidnotdimi漁ish.Aftertwoweekswhite

ce11sinurinehasgraduallydisappeareda豆dculture

wasnegatwe,

Thetwenty-fotlrthpatienthadurethralstricture

complicaしedwithbladderstone,andu、rineculture

revealed」E.oo灘andα 一hemolツticS彦reptococcus.He

suddenlydevelopedacutepyelo簸ephritisandgenta・

micintreatmentwasstarted.On,seventhdayurin6

wassterile,howeverwhitecellssuggestedlatent

infectionandrecurrenceofbacter圭uriawasnoticed

withintwoweeks.Survivingpathogensinthe

layeresofthest⑨nemightcausetherelapse.・

Asawhole,steriliza‡io箆ofurinewasachieved

in62%◎fthecases(Table4).Withoneexception

gentamicinwasveryeffectiveto撮1strainsbelong・

edtoEnterobac彦eriaceae.】Fiveof13strainsof

Psendomonaswereresistanttogentamicintherapy.

An/ilkaligenesstrainwashighlyresist蓼nttogenta・

血icin.Thecasesselectedforgentamicin.courses

wereth◎sewhowereexpectedtobeditHcUlttoget

satisfactoryresultsbyantibioticstreatmentonly.

Inthesecomplicatedinfectionsfaiiureandrecur・

rencearecommon。Thelayersofstonesinbedding

bacteria,abscessintheinfectedwoun、d,incom・

pletedrainageetc.arethemaincauseofdif・

ficuity.Thus,inthecasesshown・sbov・erecur・

re訟ceswerefrequentand且nalimprovementwas

obtainedin60%ofwholecases.Superinfection

wasrareprobablybecauseofwideantibacterial

Table4Evaluationofgentamicinintherepect

ofchangeinbacterialpopulatiQnat

theendoftreatment

Species

E.celi

Klebsiella

Cloaca

Pアo蜘 εvuig.

Ret彦gerella

Morganella

Pseudomonas

Alkaligenes

-hemolytic

streptococeus

1

4

-
晶

-
ゐ

達4

1

9
醒

1

1

1

Disap-'Dimi・Unch・ 』Su石stitu-

peaヱ ℃d黛ishedangedted

1

3

1

1

4

0

ρ0

ハU

1

0

0

0

0

0

0

ー

ハU

0

0

0

AU

O

O

0

鱈0

噌■

0

■

0

1

(F伽 伽`ゼ
まθ蜘 甥)

0

0

0

1

(F伽 伽`・
オθγ`翻)

0

0

0

Tota1 26
16

(62%)
1 7

(27%)
2

・}
一
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   Table 5 Evaluation of gentamicin in the 
           respect of clinical results 

         Total No. Inde-                      Impro -Fai- 
                               eDiagnosis of patients Curedtrmi-                  vea .ure       treated nate  

 Chrohic  11  1  4  1  5 
  cystitis 

  Chronic       8 2 4 1 1 
pyelonephritis 
  Chronic 

 cystitis &       1  0  1  0  0 
   chronic 

pyelonephritis 
  Chronic 

 cystitis &       1  0  1  0  0 
    acute 

pyelonephritis 
  Chronic 

 cystitis &       1  0  0  0  1 
   wound 

  infection 

 Total 22 3 10 2 7 

spectrum of this drug. Also, in the cases of mixed 

infection gentamicin had remarkable effect. No 

serious toxic effect was found in whole series of 

the patient. In two cases nausea and loss of ape-

tite were the mild expression of probable vestibular 

damage (case 9 and  14). Elevation of serum gluta-

mic-oxaloacetic transaminase and glutamic-pyruvic 

transaminase was found in two cases (case 9 and 

 20). However both of them were affected by serum 

hepatitis and had high transaminase levels previo-

usly, and it is still obscure whether gentamicin is 

toxic to liver cells. 

 In one azotemic patient, blood urea nitrogen level 

 elevated only in minimal degree (from 30 to  38  mg 

per dl) with 560 mg of gentamicin. Hematology 

and serum electrolytes remained in normal range. 

 At present gentamicin can be recommended for the 

treatment of complicated urinary tract infections. 

However, medication should be limited in selected 

cases to prevent development of resistant clones and 

to avoid possible toxic effects. Especially in patients 

with impaired renal function serum level of the 

drug should be frequently measured during the

course. 

 CONCLUSION Gentamicin  Atas found to have 

very broad spectrum of antibacterial activity which 

covers whole species of urinary tract offenders 

including Proteus species  and Pseudomonas strains. 

No cross resistance was found between gentamicin 

and other members of oligosacharide group of anti-

biotics. Resistance markers of kanamycin and neo-

mycin on R factor could not express resistance 

against gentamicin. Clinical results were rather 

satisfactory. Improvement was obtained in about 

60% of the complicated cases. Toxic efiects were 

minimal in our series. However, selection of ap-

propriate patients for gentamicin treatment and 

prevention of serious toxic effects must swait fur-

ther clinical experience. 
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