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The length of treatment of urinary tract infections with antibiotics is controversial,  
because extended antibiotic therapy may lead to the acquisition of antibiotic resistance.  

This study suggests that exposure to longer antibiotic treatment courses may lead to increased 
antimicrobial resistance in patients with spinal cord injury.

 

N
osocomial urinary tract in-
fections (UTIs) are often 
associated with significant 
morbidity, mortality, and 

health care costs.1,2 Patients with 
spinal cord injury (SCI) often have 
indwelling or intermittent urinary 
catheters and are prone to have  
asymptomatic bacteriuria and UTIs. 
As a result, they frequently receive 
antimicrobial therapy and have a 
higher prevalence of antibiotic re-
sistant urinary tract isolates com-
pared with patients without SCI.3-5 
Unfortunately, data are lacking to 
provide guidance for optimal treat-
ment and duration for UTIs in pa-
tients with SCI. 

Many studies have evaluated pa-
tient propensity for development of 
antibiotic resistance in UTIs. Age 
> 65 years, use of a urinary cath-
eter, previous hospitalization, and 
prior antimicrobial use have been 
identified as common risk factors.6-8 

Waites and colleagues evaluated 
antimicrobial resistance of urinary 
tract organisms in outpatients with 
SCI and found that 33% of urinary 
cultures isolated multidrug-resistant 
microorganisms. The authors dem-
onstrated a relationship between 
antimicrobial resistance and broad 
spectrum and prophylactic use of 
antibiotics.3,9 

This study sought to determine 

the incidence of resistance acqui-
sition by comparing susceptibil-
ity profiles of the same organisms 
isolated from the same patient in 
consecutive episodes of bacteriuria. 
Given that prior antimicrobial use 
was identified as a common risk fac-
tor for antibiotic resistance in previ-
ous reports, this study also sought 
to determine patterns of antibiotic 
use in patients with SCI at the VA 
North Texas Health Care System 
(VANTHCS) in Dallas, Texas, to 
evaluate whether any correlations 
between antibiotic use and resis-
tance acquisition exist. A secondary 
objective included identification of 
other risk factors that may increase 
acquisition of resistance.

STUDY DESIGN
This study was a retrospective chart 
review approved by the Institutional 
Review Board at the VANTHCS. 
Since computerized charting was 
available beginning July 2003, the VA 
Computerized Patient Record Sys-
tem was queried to identify male or 
female adult (aged ≥ 18 years) vet-
erans admitted to the SCI inpatient 
unit between July 1, 2003, and De-
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cember 31, 2009, for review. Patients 
who had an ICD-9 code consistent 
with paraplegia, tetraplegia, or quad-
riplegia and 2 consecutive urine 
cultures that isolated the same organ-
ism within 6 months of each other  
were included. Males with a diag-
nosis of epididymitis or prostatitis  
were excluded. 

The following data were collected 
for analysis: gender, age, weight, 
height, American Spinal Injury As-
sociation (ASIA) Impairment Scale 
Grades (A-E), duration of hospital-
ization in the SCI unit, the presence 
and type of urinary catheter, micro-
biology and antibiotic regimen, past 
medical history, previous antibiotic 
history, comorbidities, and concomi-
tant drug therapy. The presence and 
type of urinary catheter was deter-
mined by the primary investigator 

and verified by the physician who 
oversaw care of patients with SCI.

All antimicrobial sensitivity test-
ing was performed via the Microscan 
(Microscan Systems, Inc., Renton, 
WA) automated testing system. Ac-
quisition of antibiotic resistance was 
defined as an increase of at least 2 di-
lutions in the breakpoint or change 
on the susceptibility panel from Sus-
ceptible (S) to Resistant (R) on the 
repeat urine culture.

ANALYSIS OF RESISTANCE
Continuous parameters were re-
ported as mean (standard devia-
tion [SD]), and discrete parameters 
were reported as a percentage. 
Analyses of variance (ANOVA)  
were computed to evaluate the dif-
ference in the mean of the continu-
ous parameters. The Mann-Whitney 

U test replaced the ANOVA when 
a dependent variable was not nor-
mally distributed. Associations 
between pairs of discrete parame-
ters were tested with the Pearson 
chi-square test. Logistic regression 
analyses were performed to deter-
mine the associations between po-
tential risk factors (age, ASIA grade, 
antibiotic duration, class of antibi-
otic) and antibiotic resistance. The 
study alpha was α < .05. All analy-
ses were performed with SPSS 20.0  
for Windows.

Three hundred fifty-five veterans 
admitted to the SCI unit during the 
study period were initially identified. 
Of those, 269 did not meet inclusion 
criteria and were excluded. The most 
common reason for exclusion was 
absence of a second positive urine 
culture with isolation of the same or-
ganism. Other reasons for exclusion 
included no urine cultures completed 
while admitted to the SCI unit or no 
diagnosis of SCI.

A total of 86 subjects, mean aged 
56.7 years (SD, 14.2), were included 
in the study. Subjects were primarily 
men (93%) with a mean body mass 
index of 25.5 (SD, 7). Most of the 
subjects were classified Complete on 
the ASIA scale, meaning no motor 
strength or sensation below their 
neurologic level of injury (ASIA A; 
38.4%), followed by Sensory Incom-
plete (ASIA B; 25.6%), Motor Incom-
plete-Low Muscle Strength (ASIA 
C; 16.3%), Motor Incomplete-High 
Muscle Strength (ASIA D; 14%), and 
Normal (ASIA E; 1.2%). 

Both groups (resistance and no 
resistance) had similar baseline 
characteristics, and no differences 
were found for the following char-
acteristics: ASIA grade, length of 
stay (LOS), presence of or control 
of diabetes, and presence of an in-
dwelling urinary catheter (Table 1). 
However, veterans in the resistance 

Table 1. Patient Demographics by Resistance Group
Resistance  

(n = 32)
No resistance  

(n = 54)
P 

value

Age, y (range)a    61 (37-83)   54 (27-83)  .03 

ASIA grades, n (%)
 A
 B
 C
 D
 E
No documentation

   11 (34.4)
     8 (25.0)
    4 (12.5)
     8 (25)
     0 (0.0)
     1 (3.1)

22 (40.7)
14 (25.9)
10 (18.5)
4 (7.4)
1 (1.9)
3 (5.6)

.72

.87

.67

.05

.79

.99

LOS in SCI unit, d (range) 141 (3-566)    84 (2-323) .05 

Duration of ABX, d (range)
    No therapy, n (%)
    < 7 days, n (%)
    > 7 days but < 14 days, n (%)
    > 14 days, n (%)

  11 (0-60)
    7 (22)
    8 (25)
   9 (28)
   8 (25)

    5.9 (0-29)
     21 (39)
     15 (28)
     12 (22)
       6 (11)

.02

Diabetes, n (%)    7 (21.9) 14 (25.9) .87

Previous hospitalization, n (%)  16 (50.0) 15 (27.8) .07

Catheter usage, n (%)
    Indwelling (suprapubic or Foley)
    Intermittent

  27 (84.4)
   5  (15.9)

36 (66.7)
15 (27.8)

.08

.29
aMean value.
ABX = antimicrobial therapy; ASIA = American Spinal Injury Association; d = day(s); LOS = length of 
stay; SCI = spinal cord injury.
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group were significantly older than 
those in the no resistance group 
(aged 61 years vs aged 54 years;  
P = .03) and spent more time 
housed in the SCI unit with a 
mean LOS of 141 days vs 84 days  
(P = .049). Urinary pathogens de-
veloped resistance in 32 patients 
(37.2%, resistance group), and 
54 patients (62.8%, no resistance 
group) did not.

No significant differences in 
the types of organisms isolated 
were noted between the groups  
(Table 2). The most common 
pathogens isolated were Pseudomo-
nas aeruginosa (24%), Enterococcus 
spp. (18%), Escherichia coli (17%), 
Proteus spp. (14%), Klebsiella spp. 
(7%), and Acinetobacter spp. (6%). 

Thirty-six percent of the pathogens 
in the first cultures were not treated 
with any antibiotics, because they 
were considered as colonizers or con-
taminants. Only 61% of pathogens 
in the no resistance group vs 78% in 
the resistance group were exposed 
to antimicrobial treatment. In those 
veterans who were treated, antibiotic 
usage on the first urine culture was 
assessed to determine whether any 
relationship existed between receipt 
of a particular antimicrobial class and 
development of resistance. Fluoro-
quinolones were the most commonly 
prescribed antimicrobials in both the 
resistance and no resistance groups 
(Table 3 on page 16).

Four risk factors (ASIA grade, an-
tibiotic treatment duration, prior use 
of a cephalosporin, and prior use of 
penicillin) were initially identified by 
logistic regression analyses as being 
associated with resistance develop-
ment. Since veterans in the resistance 
group were significantly older than 
those in the no resistance group, the 
analysis was repeated with age as a 
covariate to independently assess the 
association between the risk factors 

and resistance. After controlling for 
age, no significant association be-
tween the ASIA grade and resistance 
was identified (adjusted odds ratio 
[OR], 1.03; 95% confidence interval 
[CI]: 0.66 – 1.6). Median duration of 
antibiotic treatment was 6 days in all 
patients, 3.5 days in the no resistance 
group, and 9 days in the resistance 
group. Longer duration of treatment 
significantly predicted resistance 
(adjusted OR, 1.07; P = .03; 95% CI: 
1.01 – 1.03). For every additional day 
the patient was on an antibiotic, he 
or she was 7% more likely to develop 
resistance.

The incidence of resistant organ-
isms after exposure to a cephalo-
sporin was not statistically different 
between groups (adjusted OR, 1.74; 
P = .36; 95% CI: 1.0 – 1.2). In the re-
sistance group, 28% of the antibiotics 
prescribed were cephalosporins (ce-
furoxime, ceftriaxone, ceftazidime, 
and cefepime), which were used for 
Proteus mirabilis, Escherichia coli, 
Klebsiella pneumoniae, and Pseudo-
monas aeruginosa. In the no resis-
tance group, 17% of the antibiotics 

prescribed were cephalosporins (ce-
fepime only) and were used for Pro-
teus mirabilis.

Organisms treated with penicillin 
were significantly less likely to be-
come resistant (adjusted OR, 0.26; 
P = .04; 95% CI: 0.07 - 0.96). In the 
resistance group, 16% of the antibi-
otics were penicillins (piperacillin/
tazobactam), which were used for 
Escherichia coli, Enterococcus faecalis, 
Acinetobacter baumannii, Pseudomo-
nas aeruginosa, and Klebsiella pneu-
moniae. In the no resistance group, 
22% of the antibiotics were penicil-
lins (amoxicillin, amoxicillin/clavu-
lanate and piperacillin/tazobactam), 
which were used for Proteus mirabi-
lis, Enterococcus faecalis, and Acineto-
bacter baumannii. 

DISCUSSION
Longer duration of treatment sig-
nificantly increased resistance on the 
subsequent culture in this study. For 
every additional day the patient was on 
an antibiotic, he or she was 7% more 
likely to develop a resistance. However, 
the potential impact of using a given 

Table 2. Organisms Isolated 

Organism
Resistance  

(n = 58) No. (%)
No resistance

(n = 38) No. (%) P value

Acinetobacter spp.

Escherichia coli

Enterococcus spp.

Enterobacteraciae

Klebsiella spp.

Proteus mirabilis

Pseudomonas spp.

Staphylococcus spp.

  2 (3.5)

10 (17)

14 (24)

  4 (7)

  2 (3.5)

  8 (14)

13 (22)

  5 (9)

  4 (10.5)

  6 (16)

  3 (8)

  4 (10.5)

  5 (13)

  6 (16)

10 (26)

  0

.22

.93

.06

.71

.11

.78

.81

.15
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antibiotic class on the acquisition of 
resistance in patients with SCI who 
had a UTI was not demonstrated. Sur-
prisingly, the use of a cephalosporin 
was not associated with an increased 
incidence of resistance in this study, 
which was inconsistent with the find-
ings from other studies.10 Weber and 
colleagues evaluated nosocomial infec-
tions in the intensive care unit. The au-
thors suggested that restriction on the 
use of third-generation cephalosporins 
might decrease antibiotic resistance, 
especially in extended spectrum beta-
lactamase producing gram-negative 
bacilli.11

The difference in this study may 
be explained by the lower incidence 
of Escherichia coli and Klebsiella 
pneumoniae, which are known to 
exhibit inducible resistance on ex-
posure to third-generation cephalo-
sporins. Conversely, it was found that 
patients treated with a penicillin were 
significantly less likely to develop re-
sistant organisms from subsequent 
cultures. The most common penicil-
lin used in this study’s patient popu-
lation was piperacillin/tazobactam.

For complicated UTIs including 
pyelonephritis, the European Asso-
ciation of Urology (EAU) guidelines 

for the management of urinary and 
male genital tract infections recom-
mend treatment for 3 to 5 days after 
defervescence or control of compli-
cating factors.12 These recommen-
dations could lead to much shorter 
treatment durations than the tradi-
tional 14-day “standard” course often 
prescribed. One meta-analysis rec-
ommends a 5-day course for UTIs 
without fever in patients with SCI 
vs a 14-day course for patients with 
fever.13 Due to the lack of data, care 
often varies based on the patient’s 
clinical status, provider experience, 
and opinions. The Pannek study sur-
veyed 16 centers that specialized in 
SCI care. When compared with the 
recommendations in the EAU guide-
lines, the study found providers in  
> 50% of the responding facilities 
overtreated UTIs.14 

LIMITATIONS
This study has several limita-
tions. First, the sample size was 
much smaller than expected. Of the  
355 charts reviewed, only 86 met 
all the criteria to be included, which 
limited analysis. Additionally, given 
the retrospective nature of the study, 
it was impossible to determine pro-
vider rationale for the treatment. 
Since a diagnosis of UTI in patients 
with SCI often cannot be done with 
conventional methods due to lack of 
symptoms, many investigators have 
emphasized the use of quantitative 
urinalysis to differentiate true infec-
tion vs contamination.15-17 

According to the National Insti-
tute on Disability and Rehabilita-
tion Research consensus conference 
recommendations, the definition 
of significant bacteriuria will vary, 
depending on the method of blad-
der drainage.18 While this study re-
viewed microbiologic cultures and 
the type of patient’s urinary cath-
eter, the method of bladder drain-

Table 3. Antimicrobials Prescribed in Each Group

Antibiotic
Resistance, 

n (%)
No resistance,

n (%) P value

None

Amikacin

Amoxicillin

Amoxicillin/clavulanate

Cefepime

Cefpodoxime

Cefprozil

Ceftazidime

Cefuroxime

Ceftriaxone

Gentamicin

Nitrofurantoin

Piperacillin/tazobactam

Q�uinolones (ciprofloxacin,  
gatifloxacin, levofloxacin)

S�ulfamethoxazole/ 
trimethoprim

Vancomycin

8 (25)

—

—

1 (3)

2 (6)

—

1 (3)

—

1 (3)

2 (6)

1 (3)

2 (6)

4 (12.5)

8 (25)

1 (3)

1 (3)

23 (42.5)

  1 (2)

  1 (2)

  1 (2)

  2 (4)

  1 (2)

  —

  1 (2)

  —

  2 (4)

  —

  2 (4)

  5 (9)

10 (18.5)

  2 (4)

  3 (5.5)

.16

—

—

—

.63

—

—

—

—

.63

—

.63

.72

.66

—

—



Antibiotic Resistance

MARCH 2014  •  FEDERAL PRACTITIONER  •  17

age in the context of quantitative 
urinalysis was not evaluated, which 
limited the interpretation of micro-
biologic data. 

It was also impossible to deter-
mine whether bacteria were cleared 
by the initial treatment, leading to 
new bacterial strains with a multi-
drug resistance, or whether patients 
relapsed. While antibiotic selection 
was appropriate for antimicrobial 
coverage, this study was not designed 
to detect potential inadequacies in 
dosing, which could also affect resis-
tance. Last, since no genetic evalua-
tion of the microorganisms was done, 
the authors cannot be sure whether 
the microorganisms noted on the first 
urine culture were of the same ge-
netic makeup as those identified in 
the second urine culture.

CONCLUSION
Optimal duration of therapy for 
treatment of UTIs in patients with 
SCI is unclear. Despite its limita-
tions, the study suggests exposure to 
longer antibiotic treatment courses 
may lead to increased antimicrobial 
resistance in the urinary tract or-
ganisms in this patient population. 
Further investigation with a larger 
sample size is required to confirm 
these findings. ●
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