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ABSTRACT 

Background. Amikacin monotherapy is recommended for urinary tract infection ( UTI) treatment with multi-resistant 
pathogens. Even though amikacin efficacy in the treatment of UTIs is dependent on its urinary concentration, there are 
no robust data proving that sufficiently high urinary concentration is reached in patients with reduced glomerular 
filtration rate ( GFR) . 
Methods. A prospective study to monitor amikacin penetration into urine of 70 patients [40 males, median ( interquartile 
range) age 70 ( 65–79) years] with different levels of glomerular filtration decline, including patients treated by dialysis, 
was conducted. The bactericidal efficacy of amikacin in urine samples has been evaluated. 
Results. Patients with estimated GFR ( eGFR) < 30 mL/min had significantly lower median amikacin urinary 
concentration than patients with eGFR > 30 mL/min ( 89.75 vs 186.0 mg/L, P < .0001; 200.5 vs 830.0 mg/L, P < .0001; and 
126.0 vs 408.0 mg/L, P < .0001 for minimal, maximal and minimal together with maximal concentrations, respectively) . 
The amount of amikacin eliminated in the first 10–13 h after dose administration was dependent on eGFR ( r2 = 0.6144, 
P < .0001) . The urinary concentration of amikacin in patients treated by dialysis was indirectly proportional to pH of 
urine. The plasma concentrations of amikacin did not correlate with urinary levels in patients in either of the GFR 

categories. Microbiological evaluation showed that the critical urinary concentration for efficacy of amikacin during UTI 
monotherapy in patients treated by dialysis is 100 mg/L. We found that 4 out of 11 patients treated by dialysis did not 
reach this level during the treatment. 
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Conclusion. Systemic administration of amikacin monotherapy in patients treated by dialysis is questionable as the 
concentrations of amikacin in their urine are often below the threshold of effectivity. Amikacin plasma concentrations 
are not a major determinant of amikacin concentration in urine, therefore pulse dosing is neither necessary nor safe in 

patients treated by dialysis, and may cause undesirable toxicity. 

Keywords: aminoglycosides, dialysis, kidney impairment, pharmacokinetics, UTI 

KEY LEARNING POINTS 

What was known: 

• Amikacin clearance depends on glomerular filtration rate.
• Amikacin concentration in urine of patients with impaired kidney function should therefore be lower than in patients with 

preserved renal function.
• Direct measurement of amikacin concentration in urine of patients with kidney impairment was not available.

This study adds: 

• Information about urinary amikacin concentration in patients with various severity of kidney dysfunction.
• Direct microbiological evaluation of the bactericidal activity of amikacin in the urine of patients with kidney impairment.
• Evaluation of covariates that influence the amikacin concentration in the urine of patients with kidney impairment.

Potential impact: 

• Systemic administration of amikacin as monotherapy for urinary tract infection in dialysis-dependent patients does not 
provide reliable amikacin concentrations in the urine; therefore, other administration routes ( e. g. direct instillation into 
urinary bladder) should be considered.
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NTRODUCTION 

mikacin ( AM) is an antimicrobial agent recommended for 
he treatment of acute complicated urinary tract infec- 
ions ( UTIs) and acute pyelonephritis caused by antibiotic- 
esistant G-organisms [extended spectrum beta-lactamase 
 ESBL) -producing, multi-drug resistant Pseudomonas and Acine- 
obacter spp.] [1 ]. It is a highly hydrophilic drug virtually un- 
ound to plasma proteins that is almost entirely eliminated by 
lomerular filtration. Kirby et al . recovered 94% of AM dose in the 
rine collected during 24 h after administration to healthy vol- 
nteers [2 ], confirming the theoretical expectation of high con- 
entrations of AM in urine and making it an optimal antimi- 
robial agent for the treatment of UTIs. High drug penetration 
nto the urine was also proved for a similar antibiotic, gentam- 
cin, in patients with preserved kidney function treated for UTIs 
3 , 4 ]. However, there are no direct data on AM urinary exposure 
n patients with decreased glomerular filtration rate ( GFR) . There 
s only one study that included patients treated by aminoglyco- 
ides ( AG) with reduced GFR, which reported mean urinary con- 
entrations of gentamicin and tobramycin at 48 h after therapy,
ut no correlation of these urinary drug concentrations with pa- 
ients’ GFR can be inferred from the sporadic data [5 ]. Since the 
learance of AM is strongly dependent on the GFR [6 ], the theo- 
etical assumption is that a significantly lesser amount of drug 
s filtered into the urine in patients with reduced GFR, while re- 
iable data quantifying urinary AM concentrations in these pa- 
ients are virtually nonexistent. Decreased urinary AM concen- 
rations could be expected particularly in patients in whom re- 
uced GFR is accompanied by preserved urine output. 
Moreover, the pharmacodynamic activity of AM may be de- 

reased in urine, possibly requiring higher target concentrations 
o be achieved compared with those seen in plasma. It has been 
eported that AG efficacy is highly pH dependent. The minimum 

nhibitory concentration ( MIC) of gentamicin for Staphylococcus 
ureus rises up to 70-fold at pH 5, which is not an unusual urine
H value, when compared with the MIC at pH 7.4 [7 ]. Similar re-
ults were also described for gentamicin/ Escherichia coli and to- 
ramycin/ Pseudomonas aeruginosa , while the post-antibiotic ef- 
ect was also shortened in an acidic environment [8 ]. Another 
tudy further revealed that ion concentrations greatly influ- 
nced the efficacy of gentamicin [9 ]. 

As there are no robust experimental data available for correct 
ose selection in this patient population, several recommen- 
ations propose switching to lower AM doses with prolonged 
osing interval ( i.e. a “conventional” dosing regimen with ex- 
ended dosing intervals) when estimated GFR ( eGFR) decreases 
elow 20–40 mL/min [10 –12 ]. The appropriateness of AM for the 
reatment of UTIs in patients with significantly reduced GFR is 
ontroversial as it has never been demonstrated that the drug 
eaches an efficacious concentration in urine in this patient pop- 
lation and extrapolated evidence from subjects with normal 
FR is likely not relevant. 
The aim of this study was to determine pharmacokinetic 

 PK) /pharmacodynamic suitability of systemic administration of 
M for the treatment of UTI by measuring the concentrations of 
M in the urine of patients with decreased GFR, including pa- 
ients treated by dialysis. Furthermore, the efficacy of antibiotics 
n the urine of patients with various GFRs was directly measured 
ia microbiological methods. 

ATERIALS AND METHODS 

atients and sampling 

 prospective study was performed in The Nephrology Depart- 
ent of the General University Hospital, Prague, Czech Republic 
nd 3rd Department of Surgery of the Motol University Hospi- 
al, Prague, Czech Republic between August 2019 and December 
022. All patients signed informed consent and the study was 
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Figure 1: Scheme of plasma and urine sampling. ( A) Patient with normal GFR with 24-h dosing interval; ( B) patient with severely decreased GFR with 48-h dosing 

interval; ( C) patient with moderately reduced GFR with 36-h dosing interval. The urine sampling was irregular due to the clinical issues. AM: infusion of amikacin. 
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pproved by the local ethic committee under the number 69/17.
he study was carried out in compliance with the ethical prin-
iples of the Helsinki Declaration. 

Patients were offered participation in the study if they were
reated by AM according to recommendation of antibiotic cen- 
er, regardless of the indication. The choice of the antibiotic was
ully independent of the study. Urine from patients willing to
articipate in the study was collected for further analysis of AM
oncentration. The urine samples were collected according to
linical suitability most commonly in two daily intervals, 12 h
ach. The total length of urine collection was determined ac-
ording to AM dosing interval with the intention to cover at
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Figure 2: Calibration curve of AM in urine. 
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Table 1: Basic demographic characteristics of patients in the study. 

Characteristic Median ( IQR) 

Age ( years) 70 ( 65–79) 
Weight ( kg) 81 ( 68.25–94.75) 
Body surface area ( BSA) according to DuBois ( m2 ) 1.97 ( 1.78–2.11) 
eGFR ( mL/min) 46.5 ( 16.25–86.5) 
Treated by dialysis 11 
eGFR < 15 mL/min not treated by dialysis 6 
eGFR 15–30 mL/min 11 
eGFR 30–60 mL/min 16 
eGFR 60–90 mL/min 12 
eGFR > 90 mL/min 14 
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east one complete dosing interval. During the one dosing inter- 
al, also two AM serum concentrations were drawn according 
o hospital therapeutic drug monitoring ( TDM) guidelines. Fig- 
re 1 depicts the scheme of the study sampling. The beginning 
f sample collection was preceded by complete emptying of the 
ladder or replacement of urinary bag if the patient had an in- 
welling urinary catheter, and the urine collection started with 
he beginning of AM infusion administration. The volume and 
H of each collected urine sample was recorded immediately 
fter the collection. The aliquot samples ( ∼30 mL) were taken 
rom each collected urine sample and stored in the deep freeze 
t −80°C until analyzed for AM levels. After the AM concentra- 
ions were determined, chosen samples were tested for microbi- 
logical activity. The samples were selected to cover the whole 
ange of AM concentrations found in the urine and to test the 
fficacy of AM monotherapy and AM combinations with beta- 
actams and other antibiotics. Information about dosing and 
erum AM concentrations were recorded from standard TDM 

rotocols. Current creatinine level was recorded and individ- 
al eGFR to categorize kidney functions was calculated accord- 
ng to the Chronic Kidney Disease Epidemiology Collaboration 
009 formula normalized for body surface are ( BSA) . Weight and 
eight was recorded, and BSA calculated according to DuBois 
ormula. Other antibiotic co-medication was also recorded. 

M biochemical analysis 

M levels in plasma samples were determined using an EMIT 
 Enzyme Multiplied Immunoassay Technique) method ( Siemens 
ealthcare Diagnostics Inc., USA) , measured on a DxC 700 AU 

nalyzer. The analytical measuring range for plasma samples 
s 2.5–50 mg/L. When higher levels were detected, the sam- 
les were diluted to obtain measurable values that were subse- 
uently multiplied according to the dilution factor. The method 
as validated for urine samples by measuring a series of AM 

oncentrations between 6.25 and 50 mg/L. The calibration curve 
erived from sample triplets is depicted in Fig. 2 . A high level 
f reproducibility was obtained when samples were reevaluated 
fter a year in the deep freeze. 

icrobiological analysis 

he microbiological evaluation of the bactericidal activity of the 
rine samples with AM was adapted from the study by Wise et al .
13 ]. The urine samples were diluted with tryptic soy broth in di-
ution sequences 1:2 from 1- to 1024-fold. Strain of E. coli CNCTC
276 was cultivated for 24 h in 37°C on Columbia blood agar. Bac-
erial suspensions of 0.5 McF ( 108 CFU/mL) were subsequently 
repared. These suspensions were further diluted in tryptic soy 
roth in a ratio of 1:100. Furthermore, 100 μL of diluted samples
ere then transferred to every well in a 96-well plate and incu- 
ated for 24 h at 37°C. Ten microliters of broth in wells that were
ot cloudy were then transferred to the Columbia blood agar and 
ncubated for 48 h at 37°C. The first dilution was regarded as bac-
ericidal if 99.9% of bacteria growth was suppressed. 

harmacokinetic analysis 

s recommended approach for TDM in our facilities is to mea- 
ure at least two levels in one dosing interval to characterize PK
arameters, we were able to determine the elimination constant 
ccording to the formula: 

Ke = ln ( c 1 ) − ln ( c 2 ) 
�t 

here Ke is the elimination constant; c 1 and c 2 are the first and
econd plasma concentrations; and �t is the time between c 1 
nd c 2, and half-life according to formula: 

T1 / 2 = ln ( 2) 
Ke 

here Ke is the elimination constant; and T1/2 is the half-life . 
From T1/2 and measured plasma AM concentrations, peak 

oncentration 1 h after the beginning of the infusion was calcu- 
ated for each patient to compare the levels between the patients 
nd for further analysis. 

tatistical analysis 

edian and interquartile range ( IQR) were calculated using MS 
xcel 2010 ( Microsoft Corporation, Redmond, WA, USA) . The ef- 
ects of categorical and continuous variables on AM PK were as- 
essed using the Mann–Whitney U test and linear regression 
odel, respectively. GraphPad Prism 8.2.1 software ( GraphPad 

nc., La Jolla, CA, USA) was used for evaluation of all relation- 
hips and P < .05 was considered as statistically significant. 

ESULTS 

uring the study period, 70 patients ( 40 men, 30 women) were 
nrolled into the study with 224 urine samples and 200 AM 

lasma levels available for PK analysis. Fifty-five urine samples 
ere tested by microbiological methods. Basic demographic pa- 
ameters of the studied population are listed in Table 1 . 
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Figure 3: AM urinary concentration ( median, 1st and 3rd quartile and IQR) of in patients with various eGFRs. 

t  

t  

t  

e  

n
m
t  

d  

I  

i
e  

8  

i
t  

e
t  

(  

(
m
c
f  

i  

o  

e  

s  

t
 

n  

a
 

A  

P  

p  

a  

g
 

s  

T  

N  

t  

w

M

W  

t  

A  

P  

r  

c  

b  

O  

a  

t  

b
 

a  

1  

i  

u  

>  

T  

t  

a  

(  

m

Figure 3 depicts the comparison of the median concentra- 
ions measured in urine of patients with various eGFR. The pa-
ients are divided according to eGFR into GFR categories. Even
hough some of the patients had unstable kidney functions,
GFR was calculated according to current creatinine level. As the
umber of samples differed between the patients, only mini- 
al, maximal and minimal together with maximal concentra- 

ions from each patient were used for calculation of the me-
ians in Fig. 3 to ensure equal representation of each patient.
n this analysis, patients with eGFR 30–60 mL/min had signif-
cantly higher urinary AM concentrations than patients with 
GFR 15–30 mL/min [122.0 vs 211.0 mg/L ( P = .0151) , 282.5 vs
46.0 mg/L ( P = .0009) and 171 vs 450.5 mg/L ( P = .0057) for min-
mal, maximal and minimal together with maximal concentra- 
ions, respectively] and when taken as a whole, patients with
GFR < 30 mL/min had significantly lower AM urinary concentra- 
ion than patients with eGFR > 30 mL/min [89.75 vs 186.0 mg/L
 P < .0001) , 200.5 vs 830.0 mg/L ( P < .0001) and 126.0 vs 408.0 mg/L
 P < .0001) for minimal, maximal and minimal together with 
aximal concentrations, respectively]. This means that urinary 
oncentration is significantly influenced by eGFR. Also, the dif- 
erence between maximal and minimal levels of AM in the urine
s much larger in patients with preserved GFR. The medians
f maximal levels increase more rapidly from lower to higher
GFR groups than the medians of minimal levels. Altogether, this
hows how patients with lower eGFR lose their ability to concen-
rate the drug into urine. 

We found a strong correlation of the amount of AM elimi-
ated into the urine and eGFR during the first 10–13 h after AM
dministration ( r2 = 0.6144, P < .0001, Fig. 4 ) . 

We also found a slight inverse correlation of urinary pH and
M concentration in patients treated by dialysis ( r2 = 0.2685,
 = .0067) with higher concentrations in lower pH, which sup-
orts the mechanism of ion trapping ( Fig. 5 ) . We did not find
ny significant differences between urinary pH in various eGFR
roups. 

Figure 6 depicts all measured urine concentrations of AM
orted according to patients’ eGFR regardless of urine output.
he crosses in Fig. 6 show calculated peak plasma levels of AM.
o significant correlation of calculated plasma peak concentra-
ions with the highest or mean urinary concentration in the
hole group or in any of the eGFR subgroups was detected. 

icrobiological testing 

e found a linear correlation between concentration of AM in
he urine and bactericidia of the samples of patients where
M was used in monotherapy or with vancomycin ( r2 = 0.6677,
 < .0001) . In the urine of patients treated by dialysis, AM was in
elatively low concentrations and almost ineffective against E.
oli when used as a single agent or combined with vancomycin,
ut samples with beta-lactams showed remarkable bactericidia.
n the other hand, similar concentrations of AM monother-
py in patients with preserved GFR showed reliable efficacy and
he difference between AM monotherapy and combination with
eta-lactams was not pronounced ( Table 2 ) . 

The concentration in some of the samples with unmeasur-
ble bactericidia in patients treated by dialysis was as high as
76 mg/L. Owing to the fact that during the microbiological test-
ng the first tested concentration was obtained by diluting the
rine by half with the broth, a target concentration in urine
 100 mg/L is necessary to achieve a reliable bactericidal effect.
his concentration is marked by red line in Fig. 6 and patients
hat did not reach this concentration in any of their sample
re depicted in red. Four out of 11 patients treated by dialysis
 36%) did not reach the AM urine concentration > 100 mg/L which
akes its use questionable in this patient group. 
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Figure 4: Elimination of AM ( as % of administered dose) in the first urine collection sample ( 10–13 h after dosing) . 

Figure 5: Linear regression of AM concentration in urine of patients treated by dialysis and urinary pH. 
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ISCUSSION 

e measured AM concentrations in the urine of 70 patients with 
arious eGFRs, including patients treated by dialysis. Urinary 
oncentration was influenced by eGFR ( Figs 3 and 4 ) and uri- 
ary pH ( Fig. 5 ) . Figure 6 clearly shows that patients with lower 
GFR were not able to concentrate the AM in the urine to the
ame extent as patients with well-preserved GFR. Nevertheless,
n patients with well-preserved GFR the concentrations of AM in 
rine varied largely as they were very high in the initial portions
fter the drug administration and fell rapidly to often very low 
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Figure 6: All measured urine levels of AM and calculated peak plasma levels of AM. Circles: measured AM urinary concentration; crosses: calculated peak AM plasma 
concentrations; red line: minimum concentration for reliable efficacy against E. coli ( 100 mg/L) . Patients with all measured urinary concentrations below target con- 
centration are colored in red. 0: patients treated by dialysis. 
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onistic effect of uremic urine itself. This is a similar situation 
evels in the subsequent portions, which is in line with the once
aily dosing that allows AM to be fully eliminated in the first half
f the dosing interval with subsequent washout period. This dif-
erence between the initial and washout period was completely 
issing in patients with eGFR below 18 mL/min. We found out

hat the maximal achievable AM concentrations in urine of pa-
ients with diminished GFR are approximately 1-fold lower than 
n patients with well-preserved GFR, and plasma levels do not
orrelate with urinary concentration in any of eGFR groups. This
s of high importance, as during UTI treatment the urinary levels
f antibiotics are crucial [14 ], and our finding therefore makes
he use of once daily dosing strategy for UTI treatment in pa-
ients with reduced kidney function questionable. Administra- 
ion of lower doses over extended intervals would lead to simi-
ar urinary concentration and potentially lower risk of systemic 
oxicity. This is in line with various current guidelines that do
ot recommend once-daily dosing in patients with markedly re- 
uced GFR [12 ]. 
By means of direct microbiological testing of urine samples 

e found that, in a rather high number of patients treated by
ialysis, AM monotherapy is not effective against susceptible 
acteria even though the reported MIC is exceeded. When AM
s combined with beta-lactam in the urine of patients treated
y dialysis, the bactericidal effect is much more reliable, proba-
ly driven by the beta-lactam efficacy or synergy. We did not ob-
erve this difference between AM monotherapy and combined 
herapy in patients that were not treated by dialysis ( Table 2 ) .
his may point to the importance of urine composition which
s altered in patients treated by dialysis and may hamper the
fficacy of AM. It is well described that AGs are more effective
n alkaline pH [7 ]. Nevertheless, pH is not the only factor in-
uencing AGs efficacy. Minuth et al . proved that the urine of
remic patients decreased the effect of gentamicin on P. aerug-
nosa and E. coli even when adjusted to alkaline pH. The in-
ibitory effect of uremic urine may therefore be the result of
n increased concentration of urinary solutes that directly in-
ibit AG efficacy rather than the effect of osmolality or pH.
hen the authors diluted gentamicin in pooled human urine
nd then further diluted these samples, they found out that
he more concentrated samples were less bactericidal against
. aeruginosa than the diluted samples, even though the pH was
djusted to 5.5 in all samples [9 ]. This shows that sometimes
 larger amount of preserved diuresis may be of an advan-
age even though it dilutes the relatively smaller amount of
liminated AM to lower concentrations in patients treated by
ialysis. 
Four out of 11 patients treated by dialysis in our study did

ot reach reliable levels for AM monotherapy in their urine ( red
ymbols in Fig. 6 ) . This questions the administration of AM as
onotherapy in patients treated by dialysis simply because it
oes not reach effective concentrations to overcome the antag-
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Table 2: The bactericidal effect of urine of patients treated with AM. 

Pt No. 
AM concentration 

( mg/L) 
eGFR 

( mL/min/1.73 m2 ) 
Antibiotic 

co-medication 
Dilution with bacterial 

growth ( E. coli) 

Patients treated by dialysis 
1 69 N/A Vancomycin 1:2 

80 N/A < 1:2 
2 0 N/A No < 1:2 

176 N/A < 1:2 
142 N/A < 1:2 

3 36 N/A Vancomycin 1:2 
57 N/A 1:2 
75 N/A 1:2 
70 N/A < 1:2 

4 69 N/A Meropenem 1:64 
69 N/A 1:128 

5 205 N/A Ampicillin/sulbactam 1:32 
202 N/A 1:128 
78 N/A 1:128 

146 N/A 1:256 
234 N/A 1:256 
54 N/A 1:128 

6 150 N/A Piperacillin/tazobactam 1:512 
252 N/A 1:256 
248 N/A > 1:1024 

7 68 N/A Imipenem/cilastatin 1:4 
45 N/A 1:8 
34 N/A 1:4 

8 108 N/A Piperacillin/tazobactam 1:64 
98 N/A 1:32 
93 N/A 1:32 

Patients not treated by dialysis 
9 671 75 No 1:16 

173 1:8 
1073 1:16 
145 1:8 

10 382 8 No 1:8 
225 1:16 
218 1:16 
120 1:8 

11 3681 94 No 1:32 
1557 1:32 
878 1:16 
183 1:8 
205 1:8 

12 768 75 Amoxicilin/clavulanate 1:16 
514 1:32 

1206 1:16 
116 1:8 

13 846 46 Amoxicilin/clavulanate 1:16 
193 1:16 
150 1:16 
211 1:8 

14 719 21 Metronidazole 1:8 
268 1:4 
126 1:4 
352 1:4 
183 1:4 

15 1704 32 Ampicillin/sulbactam 1:64 
664 1:64 

1628 1:32 
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o that formerly described for nitrofurantoin which does not 
each effective concentrations in urine of patients with eGFR 
 60 mL/min [15 ], and our finding is also in line with that of
ailey et al . who determined the concentration of another AG,
isomicin, in urine produced by either kidney in patients with
nilateral kidney damage. They found that even though the 
elative concentration of antibiotic normalized for urine crea- 
inine concentration was higher in damaged kidneys than in 
ealthy ones, the absolute concentrations in kidneys with eGFR 
 15 mL/min was ineffective and they recommended treatment 
ith cephalosporins [16 ]. 
As we showed that systemic treatment with AM is unreliable

or reaching sufficiently high concentrations of AM in urine of
atients treated by dialysis, we propose that at least for patients
hat already have indwelling urinary catheter, direct local instil- 
ation of AM into the urinary bladder may be helpful. This was
ormerly proposed for neomycin, which is too toxic for systemic
dministration [17 ], as well as for colistin [18 ]. AG administra-
ion via clean intermittent catheterization was proven to be ef-
ective and safe alternative of systemic antibiotic administration 
or UTI prophylaxis [19 ]. AM was also proven to be a highly ef-
ective prophylaxis for catheter-associated UTIs in neurosurgical 
atients when administered twice daily via indwelling urinary 
atheter [20 ]. 

Our study has a few limitations. Even though we proved that
rine pH influenced the amount of eliminated AM into urine
 Fig. 5 ) , we were not able to measure directly the influence of pH
n the AM efficacy by microbiological methods, due to the char-
cteristics of the method used ( i.e. multiple dilution of the sam-
le by broth) . Furthermore, we did not prove that the amount of
rine produced significantly influenced the AM concentrations 
s other covariates probably made it insignificant. We also in-
luded patients treated with AM regardless of the indication.
herefore, patients not suffering from UTI were also included.
n theory, inflammation of the kidneys may influence the elimi-
ation of the antibiotics into the urine. Nevertheless, we believe
hat this would be done by measurable GFR changes during the
TI and as we calculated eGFR according to current creatinine
evel we would include these patients into particular eGFR group.
e did not evaluate the clinical efficacy as many of the patients
ere not treated for UTI and most of the patients were on combi-
ation therapy. Therefore, further study on the clinical efficacy 
f AM in monotherapy of UTI in patients with reduced kidney
unction may provide more insight into its applicability in this
ndication. On the other hand, our results suggest that this rep-
esents a theoretical risk of treatment failure and clinical reeval-
ation of these results may represent an ethical problem. 

ONCLUSION 

e determined that AM concentrations in urine of patients 
reated by dialysis are often insufficient to treat E. coli UTIs when
M is used as monotherapy. The plasma concentrations did not
orrelate with the urinary concentration which was determined 
ore by urinary pH, eGFR and probably volume of diuresis. This
akes intravenous administration of large doses in this patient 
roup questionable, as it would probably not improve the effi-
acy but may result in toxicity. AM monotherapy probably does
ot allow sufficient concentrations to be reached to sterilize the
rine of a large number of uremic patients when AM is admin-
stered systematically. This might be improved by instillation of 
M directly to the bladder via the route of indwelling urinary
atheter or intermittent catheterization. 
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