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The pharmacokinetics of intravenous ciprofloxacin 400 mg 12 hourly in
patients with severe sepsis: the effect of renal function and intra-
abdominal disease
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Bristol Centre for Antimicrobial Research and Evaluation, Southmead Health Services NHS Trust and the
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Serum concentrations of ciprofloxacin were reviewed in 22 patients given ciprofloxacin
400 mg intravenously 12 hourly for severe infection. No dosage modifications were made in
patients with renal impairment. Patients who had either bowel or liver pathology in addition
to renal failure had significantly higher serum concentrations than all other patients. Dosage
reduction of ciprofloxacin in patients with severe sepsis and impaired renal function is not
required unless they have co-existent intra-abdominal disease.

Introduction

As the tenth anniversary of its UK launch approaches, the
indications for ciprofloxacin use have widened and the
dosages used increased. For example, in severe sepsis
involving ICU patients in our hospital, a dosage of 400 mg
iv bd is now routine. However, the debate over dosage
modifications in renal failure continues. Dosage reduction
of 50% has been recommended in severe renal failure both
for oral doses'? and for iv doses of 100 mg and 200 mg.®*
The current UK data sheet recommends a 50% dosage
reduction if the serum creatinine is >265 wmol/L or the
creatinine clearance (CrCl) is <20 mL/min. However,
Brindschedler et al.® and Dirksen et al.® found no correla-
tion between CrCl and renal clearance of ciprofloxacin
and, in a previous study of 16 patients receiving iv cipro-
floxacin 200 mg bd, MacGowan et al.” found no correlation
between the CrCl and pre-dose ciprofloxacin concentra-
tions. These findings can be explained by increased trans-
intestinal elimination of ciprofloxacin® compensating for
the reduced renal elimination seen in renal failure. We
have, therefore, continued to use ciprofloxacin without
dosage modification to treat patients with severe sepsis and
renal failure. So far relatively few data on the use of iv
ciprofloxacin 400 mg bd are available, but Shah et al.’
reported that at this higher dose the CrCl could be corre-
lated with pre-dose serum ciprofloxacin concentrations and
that dosage modification is indicated. We report here a
study of ciprofloxacin pharmacokinetics in 22 patients in an
intensive care unit (ICU) who received iv ciprofloxacin
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400 mg bd to treat known or suspected severe bacterial
infection.

Materials and methods

All patients included in this survey were inpatients on the
ICU at Southmead Hospital, Bristol, UK. All patients
required parenteral therapy and received iv ciprofloxacin
400 mg bd unmodified for the degree of renal impairment.
Any dosage modifications were made on the basis of
ciprofloxacin serum concentration. Serum ciprofloxacin
assays were performed by HPLC.

Results and discussion

The data from 22 patients were available for analysis, 13
males and nine females. The mean age was 60 years, range
29-76 years (Table). Many of the patients received other
antibiotics in addition to ciprofloxacin. Ten of the patients
had septicaemia, four had community-acquired chest infec-
tions, three hospital-acquired chest infections and three
had intra-abdominal sepsis. Almost all had underlying
conditions for which they had initially been admitted. For
the purpose of analysis they were divided into four groups:
group 1 (n = 5) had serum creatinine concentrations of
<120 pmol/L; group 2 (n = 4) had serum creatinine
concentrations >120 pmol/L but did not require renal sup-
port; group 3 (n = 5) required renal support but had no
intra-abdominal disease; group 4 (n = 8) required renal



E. M. Jones et al.

©OOYIIRIP L1.0 01 ATepuosds
0ST 919495 1594 18 ¥'9 S [ 1102 PROUIYISH erwoeondos €08 W 9L (44
165 ou LS 6T S [u supdoazgn vardsoyday sisoqidsoyda €9 W w 12
EREEN afeyIIowoey UOTJORTUT 151D
Q JBI[200 159K 8L 1€ 1 proutoereqns umouyun paxmboe-ejdsoy <op A P 0z
snuojrrad pate1ado ‘searoued sisdos [eurwopqe
9T¥ 50k 11 9L S JO peol PWOoUuILd umouun -enui oanerado-jsod 9717 I 1. 6T
snuoirrad pateiodo ‘searoued sisdos [eurwiopqe
or1 5ok 9'¢ 91 1 JO peoy rwouIIed umouwyun -enui oanerodo-jsod 997 W 69 ST
STITOD UOTJORTUT 271201ff1p
snoueIquwopnasd WHIPLISO]D)
L1 apouffip *y :sok 8L 79 8 INWIDJ JO YOoU paInjoeIy umouwyun pue sisdos SET W 9/ LT
snmoltrad g, sauadosop erwoeondos pue
0ce 1594 9 e 6 biposqary SIsO[noIdqM) ATeliur - QY7 d ¥9 91
N3 pororeyul T[OqUI2 [I1M SNqUIOIY} UOTJOSJUT SO
{ 50k L'L ST Z TRTNOTIIUDA 1J9] [e11030Rq POXTW paxmnboe-fendsoy  gg1 W <9 ST
y dnoin
poterado ‘wsAmoue
Wl ou 9'¢ <1 < onoe poInidnl ‘ds uappqosaug erwoeonidos ggg W vl i
porerodo ‘wsAmnoue SH2AND Areanrerado-isod
ST ou T ¥0 v onIoe Suryes| sno2020) ydpyg sisdos oul] [enyUad  7/¢ W 79 T
WSATNOUR O11I0% vryrydogppuut stsdos
08 ou INY ¢1 IS paaredar pue ponjdni spuouioydosjoussg aanerado-jsod 105 W 7L vl
ewoydwA] apruowmnaud
<€ ou 9 97 1 s urySpoy-uou $H23020)d2418 UOTIORTUI 18210 /T I <5 11
UOTIOQJUIT 1SAYD
{9 ou S 97 S eUI)SE umouwyun poxmboe-Ajunurmos S91 A 95 01
¢ dnoin
In ou %% <1 I wsAImoue o110 paredar umouyun sisdos  /1¢ W g9 6
(1oeI) [RUST WOIJ
{9 ou 1% 81 1 SOUOIS OTIIOIN/[RUDT umouun Suneurdumo—sisdos (L1 W LS 8
snuoirrad
A 594 ¥ 1 9 pareropad—snoipuadde umousun snuojrad LET A €9 L
8T ou ¥'e S0 9 porerodo—ewoutdIEd O11012IN umouun sisdos (g1 W 69 9
z dnoin
cL ou L€ 91 ST ewon3 ‘ds uapopqojauy” erwoeonydos /1T A |y g
UOTJORTUT 151D
I ou 97T €0 01 mu umouyun paamboe Hrunwwod c8 W 67 1%
2n3uo] Jo ewounIed seuowopnoasd UOT)IJUT
{ ou 81 10 v 19> snowrenbs pue SuLIofod PUNOM DIOADS 08 W 09 I
UOTIORJUI-]SAYD
71 ou < 80 / 9SOPISGAO umouwyun paxmboe-feydsoy {9 A 09 Z
6 ou ¥ 60 9 SISEIOOMOUON]  PSOULSHIZD SPUOUOPHIST evruowmsud ¢S I 0L 1
1 dnoin
(N1 07-7) ASojoyied osop-1sodyy osop-o1xd  Aesse 910J2q uonIpuod ASojonay SIsougerp (Town)  x9§  (s1B94) ‘ou
uqnIIreg [omog (7/8ur) U92AIS s9sOp SurA[ropun) QATJOIJU] QUTUNRIIO o8y juene g
UOTJEIIURIUOD UREXofoIdr) Jo 'ON wnIog

porpmis sjuoned 1) UT SUCIIRI)UIOUOD UdRXOoIdId WNIOS pUe UGHIUNY [BUDL ‘S9INJLIT [EdIUID) IR

122



Pharmacokinetics of iv ciprofloxacin

support and had intra-abdominal disease. Intra-abdominal
disease was defined as bowel pathology (severe diarrhoea,
gut infarction, pseudomembranous colitis, peritonitis,
coeliac disease) or hyperbilirubinaemia (10 X the upper
limit of normal) (Table). In groups 3 and 4 two patients
were receiving haemodialysis and 11 haemofiltration.

The data were analysed by an unpaired t-test to assess
whether there was a significant difference between the
ciprofloxacin pre-dose concentrations in patients with
normal renal function compared with those with renal
impairment. The data were also re-analysed using the
Tukey-Kramer method' in order to confirm our initial
findings. The median (range) of the serum creatine and the
median (range) of the pre-dose ciprofloxacin concentra-
tion, respectively, for the three groups were: group 1, 80
(55-117) pmol/L and 0.8 (0.1-1.6) mg/L; group 2, 153.5
(130-317) pmol/L and 1.15 (0.5-1.8) mg/L; group 3, 501
(165-588) pmol/L and 1.5 (0.4-2.6) mg/L; group 4, 260
(116-503) pwmol/L and 3.15 (1.5-7.6) mg/L. The UK data
sheet recommendations for reduced dosage in renal
impairment are for patients with serum creatinine >265
pmol/L or CrCl of <20 mL/min. The median pre-dose
ciprofloxacin concentration in patients with serum
creatinine <265 pmol/L was 1.5 mg/L (range, 0.1-7.6
mg/L) and in those with a serum creatinine of >265 pmol/L
the median pre-dose ciprofloxacin concentration was 1.6
mg/L (range, 0.4-6.4 mg/L). When creatinine clearance
was calculated, patients with clearances <20 mL/min had a
median pre-dose ciprofloxacin concentration of 2.6 mg/L
(range, 0.4-6.4 mg/L) while those with clearances of >20
mL/min had a median pre-dose ciprofloxacin concen-
trations of 1.5 mg/L (range 0.1-7.6 mg/L).

No significant difference was demonstrable between the
concentrations of ciprofloxacin in groups 1, 2 or 3, or
between those with serum creatinine above or below 265
pmol/L or CrCl above or below 20 mL/min. When the
patients, excluding those in group 4, were split into those
patients not requiring renal support (group 1 + group 2,
n = 9) and those who required renal support (group 3, n =
5), again there was no significant difference. The median
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Figure. Creatinine clearance plotted against ciprofloxacin pre-
dose concentration r? =0.13.

(range) of the pre-dose ciprofloxacin concentration for the
former group was 0.9 (0.1-1.8) mg/L and for the latter 1.5
(0.4-2.6) mg/L. A linear regression analysis was performed
to assess the correlation between the estimated CrCl and
the pre-dose ciprofloxacin concentration (Figure). No
clinically significant correlation could be demonstrated
(r* = 0.13; n = 22). A comparable finding for the iv cipro-
floxacin 200 mg bd dosage has been described.’

A significant difference (P < 0.01) was, however,
demonstrated between the ciprofloxacin concentrations in
groups 1, 2 and 3 (median pre-dose ciprofloxacin concen-
tration 1.15 mg/L, n = 14, range 0.1-2.6 mg/L) compared
with group 4. There was no association between the
number of doses of ciprofloxacin given before assay and the
pre-dose concentration achieved (r? < 0.1; n = 22). There
was only a weak correlation between serum bilirubin
concentration and pre-dose ciprofloxacin concentrations
(r* = 0.23; n = 22). Pre-dose and post-dose concentrations
were correlated (r? = 0.77; n = 22) indicating that high
post-dose ciprofloxacin concentrations (>7 mg/L,n = 5, all
group 4) were due to accumulation. For those patients with
pre-dose concentrations of ciprofloxacin > 6 mg/L a dose
reduction was made resulting in the drug concentrations
falling to more acceptable levels.

This study again supports the view that ciprofloxacin
dosage modification on the basis of serum creatinine or
CrCl may result in sub-therapeutic concentrations in
certain patients. In addition the data underline the impor-
tance of transintestinal and biliary elimination of cipro-
floxacin as a compensatory pathway for excretion of
ciprofloxacin when renal impairment is present. In eight of
our patients who had both renal impairment and intra-
abdominal disease, high ciprofloxacin concentrations were
seen. We, therefore, recommend the use of iv ciprofloxacin
400 mg bd without dosage modification in renal failure
unless there is co-existent bowel pathology or a high bili-
rubin concentration. Consideration should then be given to
dosage reduction but, if possible, this should be based on
assays of serum ciprofloxacin concentrations, since these
vary considerably between such patients.
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