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Summary: High doses of colistin were used in the treat-
ment of severely ill patients with refractory klebsiella

chest and urinary tract infections. At the same time renal
function was monitored to determine possible nephrotox-
icity. In all patients it produced acute renal failure and
in some acute tubular necrosis. Though renal failure con-
tributed to the final cause of death in some cases, in the
majority death was due to the primary neurological ill-
ness.

Introduction
The nephrotoxicity of colistin has been a matter of con-
troversy. In spite of reports of renal damage (Tallgren,
Liewendahl, and Kuhlback, 1965; Elwood, Lucas, and
Muehrcke, 1966), several authors have failed to find any such
evidence (Yow, Tan, Shane, Schonfeld, and Abu-Nassar,
1961; Colley and Frankel, 1963; Halliday, 1967).
During a 10-month period in 1968 30% of patients in an

intensive care unit had klebsiella chest infections and 12%
had urinary tract infections. Eight patients developed kleb-
siella meningitis (Price and Sleigh, 1970), all of whom died
despite appropriate antibiotic therapy. All the strains isolated
were sensitive to colistin in vitro, but none of the patients
with chest or urinary tract infections responded to colistin in
standard dosage (4 mega units per day).
Though we were aware of the possible adverse effects of

colistin on renal function, the failure to control the infection
with conventional doses led us to increase the dosage sixfold
to 26 mega units per day (10 mega units by intramuscular in-
jection, 10 mega units by intravenous injection, and 6 mega
units by aerosol inhalation). In the subsequent six-week
period the incidence of klebsiella chest and urinary tract
infections was halved.

Patients and Investigations
Fourteen patients aged 31 to 71 years (10 men and 4

women) were treated with high doses of colistin, each receiv-
ing 26 mega units per day. Four had a 15-day course, five
between one and two weeks, and five less than a week. The
mean length of treatment was 9-7 days. Five of these patients
had cerebral abscesses, three had cerebral tumours, four had
head injuries, and two had intracranial haemorrhage. Nine of
the group were deeply unconscious and four required
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tracheostomy. Eight had klebsiella tracheobronchitis, one had
klebsiella urinary tract infection, and five had both. During
and after treatment eight patients died-one with a cerebral
abscess, two with malignant tumours, three with head
injuries, and two with intracranial haemorrhages. Six of the
patients came to necropsy.

Sequential specimens of urine and sputum were examined
bacteriologically and the urine was examined for casts. Serum
and urine colistin levels, blood urea, serum creatinine, and
creatinine clearance rates were determined at the onset of,
during, and after treatment.

Results
Bacteriology.-The organism was eliminated from the spu-

tu-n in 11 out of 13 patients within a week and from the
uriie of six out of six patients in three days.

Renal Function Tests at Onset of Treatment.-Some
patients were dehydrated, but within 24 hours of intravenous
fluid therapy none had a blood urea above 45 mg./100 mL or
a serum creatinine above 1.4 mg./100 ml.

Effects of Colistin on Renal Function.-In all patients a
considerable fall in creatinine clearance and rises in both
blood urea and serum creatinine levels were observed. Casts
appeared in the urine of five patients during the course of
treatment. In the six who survived the creatinine clearance
rates serum creatinine, and blood urea returned to within nor-
mal limits. On the basis of these findings the patients seemed
to fall into two categories. Category 1 (Fig. 1) comprised
four patients whose creatinine clearance rate returned to the
lower limits of normal within an average of three weeks (19,
30, 19, and 20 days respectively. The graphs of Cases 1 and
4 show the expected rise in serum creatinine as the creatinine
clearance rate falls. In Cases 2 and 3 this expected concurrent
inverse relationship is not apparent at the time of the greatest
reduction in creatinine clearance rate. This was presumably
due to faulty collection of 24-hour urine specimens. Category
2 consisted of two patients whose creatinine clearance rate
did not return to normal for about nine weeks (60 and 64
days respectively). Full information is available on only one
patient (Case 5) (Fig. 2), though the trend was very similar in
the second (Case 6).
In the eight patients who died during or shortly after treat-

ment there was a similar fall in creatinine clearance rate and
a rise in the blood urea and serum creatinine (see Table). In
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Creatine Clearance Rate, Serum Creatinine, and Blood Urea Livels in the
Bight Patents Who Died during or after Course of High-dosage Colissn

cuse Days from Start of Treatment
No. 1 2 4 6 8 10 12 14 16 18 20 22

7- 150 77 89 77 4243 12je65 -

8 90 58 51 64 50 - 52 20 2. 8 16 --
9 - 35 14 21 28 30 -

(in~fmin.) 12 7 9 9 +
'113 - 16 18 - 0'04 +
14 14

7 - 1-2 0'9 1-3 1-6 2-0 1-8 1-3 1-4 - _ -
8 - 1.0 0'9 069 0.9 0-9 1-2 1. 1'8 1-2 1.1 1-0
9 - 1-42-11I'9 16Sennn 10 0'7 0'72'6 +cretiine 11- 1'0 3-6 +tmg/100m1.) 1 12 0'6 0:6 2'6 +

. 13 0'7 0-9 0-8 3-2 5-3 +114 - +
7 - 66 40 47 53 79 68 5t S0 - - -
8 44 63 37 35 30 44 47 t 61 58 50 40

B.llood ; 19 29 38 66 57 45 58 84 +I10 17 21 52 +
(Ug.lOml) 129 56 104 +I12 23 29 {62j +

L 13 40 59 97 128 171 +~114 36 +
tEnd of Coune of Treatment.+Death
the two patients (Cases 7 and 8) who survived the full course
of treatment the bi l finds had started to retum to
nornial before they died.

Colistin Levels.-The mean serum colistin levels during
treatment ranged from 22 to 82 pg./mL (mean 49 pg./ml).
The mean urinary levels were very variable, anng from 85
to 1,074 pug./ml., with a mean of 340 jig./ml. and a 95% con-
fidence range of 278 to 405 pg./ml.

Necrops findings
In the six patients on whom necropsy was carried out

between 1 and 3 days after death, the only residual evidence
Of kebsela infectio was a solitary thick-walled lung abscess
in one. No histological evidence of tracheolronchitis was
found.
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FIG. 1.-Creatinie clearance rate, serum creatnine, ad blood urea in the
four patients c isg category 1 in whom acute renal failure devdlped.
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FIG. 2.-Creatinine clearauice rate, serum c ne, d
bloodum in the catepory 2 patient who probably developed
acute tubular necrosis after high-dosage colistin therapy.

In three (Cases 10, 11, and 13) the kidneys wee unifomly
enlaged (weight 200-260 g. each), the ct surfaces shing
pallor of the cortex and congestion of the medulla In two
(Cas 12 and 14) they appeared normal and in one (Cas 9)
they were scarred from pyelonephritis. Deinite
histological evidence of tubular necrosis was seen in five cases.
This was shown by focal irregular dilatation of tubules, many
of which cont granular casts, debris, and desqu I
epithelial cells. Many tubules were denuded of epthelium or
lined by flattened ar regerating cells showing mitic
activity (Figs. 3 and 4). In all instances the b t
membrane was intact. Theglomeruli were maL Apart fom
hypertensive vascular disease in Cases 10 and 11 and s g
from chronic pyelonephritis in Cas 9, no otherAaii
were seen and i prticular there was no histoogica ev
of acuteinflIn the five cass showing acute tubular

sis h j i apparatus enl dIn the
sixth patient (Case 14) only degenerative aes the
tubular epitheliun were seen. Though this patiet had

FIG. 3.-Kidney of Case 10 with features of acute tubular necrosis. Some
of the tubules contain granular cats, debris, and desquamated epithelium,
and are lined by fattened regeeraig celia. (Haemalum and eosin. x 190).
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FIG. 4.-Kidney of Case 10, showing acute tubular necrosis with mitotic
figure in regenerating tubular epithelium. (Haemalum and eosin. x 300).

received only 52 mega umits of colistin the histological appear-
ances, in conjunction with the biochemical findings, are prob-
ably indicative of an early form of tubular necrosis.

Discussion

Sequential renal function tests were performed on eight
patients who received the full course of treatment. In the six
who survived there was a return to normal of the serum crea-
tinine, blood urea, and creatinine clearance rates after varying
periods. The time taken for the creatinine clearance rates to
return to normal suggests that the patients in category 1 had
developed acute renal failure and that acute tubular necrosis
had not supervened (Sevitt, 1959; Finckhl, Jeremy, and Whyte,
1962), whereas the delayed return to normal of the creatinine
clearance'rates of the patients in category 2 indicates that they
had developed acute tubular necrosis (Briggs, Kennedy,
Young, Luke, and Gray, 1967). Even though data from the
eight patients who died are necessarily incomplete, the abnor-
mal biochemical findings had started to return to normal in
the two who had completed the course of treatment (Cases 7
and 8). These two cases are included in the group of patients
who came to necropsy, most of whom were found to have
histological evidence of acute tubular necrosis.

In the past five years there have been several reports of re-
versible nephrotoxicity with antibiotic therapy. They include
penicillin (Schrier, Bulger, and VanArsdel, 1966), methicillin
(Brauninger and Remington, 1968), ampicillin (Caldwell, Mar-
tin, and Trigger, 1969), polymixin B sulphate and neomycin
sulphate (Vinnicombe and Stamey, 1969), colistin
sulphomethate sodium (Brumfitt, Black, and Williams, 1966;
Caidwell et al., 1969; Vinnicombe and Stamey, 1969), pento-
N-sulphomethyl polymyxin sodium (Caldwell et al., 1969;
Vinnicombe and Starmey, 1969), and cephaloridine (Lawson,
Macadamji, Singh, Gavras, and Linto, 1970).
Many factors predispose to acute renal failure (Heptinstall,

1967; Brown et al., 1970). Though a single major contributing
factor has not been identified in any of our patients, many
were postoperatively severely ill and debilitated, with signifi-

cant sepsis. These factors alone would be ufficient to lower
the creatinine clearance rate but only in the cases comprising
category 2 and in five of the six who died was treatment with
high-dosage colistin a sufficient stimulus to precipitate acute
tubular necrosis. No patient in the entire series was receiving
other drugs with known toxic effects on the kidneys, and in
all cases the blood pressure was maintained at normal levels.
We would like to stress that while renal failure undoubtedly.
contributed to the final cause of death in some of our
patients, in only one (Case 13) was it the actual cause of
death, which in most instances was due to the primary
neurological illness.

In the five cases whose kidneys at necropsy showed-
histological evidence of acute tubular necrosis there was obvi-
ous enlargement of the juxtaglomerular apparatus. This is of
particular interest in view of the suggestion (Brown et al.,
1970) that renin is concerned in the initiation of many
different types of acute renal failure. It is possible, therefore,
that in some way the increased dose of colistin initiated a
cycle of events in our patients which produced reversible
acute renal failure in some (category 1) and acute tubular
necrosis in others (category'2 and necropsy cases).
We would conclude that, in common with other frequently

used antibiotics, colistin is nephrotoxic, particularly when
given to severely ill patients. In such cases it may precipitate
either acute renal failure or acute tubular necrosis. In our
opinion colistin may be used in the treatment of refractory
*klebsiella respiratory and urinary tract infections even in
high dosage, provided renal function is carefully monitored.
In all patients receiving high dosages of colistin there was a
pronounced fall in the creatinine clearance, rate, which in our
limited experience of six patients who survived fell to
extremely low levels without precipitating fatal urania.

We would like to thank the physicians and surgeons of the Institute
of Neurological Sciences, Glasgow, for allowing us to study patients
under their care; and the technical staff of the chemical pathology
laboratory, Killearn Hospital, for the biochemical, estimations.

Requests for reprints should be addressed to Mr. D. J. E. Price,
Division of Neurosurgery, Institute of Neurological Sciences, Kil-
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