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Abstract

Background/Objective: Catheter-associated urinary tract infections (CAUTIs) account for 25% of all hospital-
acquired infections. Neuro-critically ill patients are at 2-5 times greater risk of developing CAUTI because of increased
use of indwelling urinary catheters due to neurogenic urinary retention. Despite the heightened risk of CAUTI occur-
rence for the neuro-critically ill, there is little data on specific characteristics of CAUTIs and risk factors among this
population. The aim of this study was to identify characteristics and risk factors associated with CAUTI development in
the neuro-critical patient population.

Methods: In this retrospective single-center case—control study in a tertiary care dedicated 30-bed neurolCU,
approximately 3 controls (exact ratio—3.2) were randomly selected for each CAUTI case between January 1st, 2016
and December 31st, 2018. Demographic, clinical and laboratory data were collected, including prospectively col-
lected data pertaining to urinary and bowel function. Descriptive and multivariate logistic regression analysis was
conducted to identify common patient characteristics, CAUTI risk factors and duration from catheterization to devel-
oping a CAUTI (Time-to-CAUTI).

Results: Of 3045 admissions during the study period, 1045 (34.30%) had a urinary catheter at some point during
their admission. Of those, 45 developed a CAUTI, yielding a CAUTI incidence rate of 1.50%, corresponding to 4.49
infections/1000 catheter days. On average, CAUTI patients were older as compared to controls (66.44 years of age vs
58.09 years; p<0.0001). In addition to old age, other risk factors included female gender (75.60% female vs 24.20%
males in case group, p<0.0001), increased neurolCU length of stay (18.31 in cases vs. 8.05 days in controls, p=0.0001)
and stool incontinence (OR=13.73, p=0.0146). CAUTI patients more often carried a primary diagnosis of SAH, and
comorbidities of hypertension (HTN), vasospasm and diabetes. Time-to-CAUTI was 6 days on average, with an earlier
peak for patients requiring two or more catheter placements. Presence of stool incontinence was significantly associ-
ated with CAUTI occurrence.

Conclusion: Stool incontinence, older age, female sex, longer neurolCU LOS and presence of comorbidities
such as HTN and diabetes were associated with CAUTI development in the neuro-critically ill population. Average
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Time-to-CAUTI after catheter placement was 6 days with earlier occurrence if more frequent catheterizations. Coloni-
zation of urinary catheters without infection might contribute to CAUTI diagnosis. Prospective research is needed to
determine impact of prevention protocols incorporating these factors.
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Introduction

Healthcare-associated infections (HAI) greatly compli-
cate patients’ hospital course and outcomes by increas-
ing infection-related resource utilization, morbidity and
mortality [1]. HATIs affect 3.2% of the total patient popu-
lation, and urinary tract infections (UTIs) are the most
common form accounting for 40% of HAI reported to the
National Healthcare Safety Network (NHSN) [2]. Among
intensive care unit (ICU) patients, the overall rate of HAI
is higher and estimated to be 15%, with catheter-associ-
ated UTI (CAUTI) accounting for approximately 25% [3].
Patients admitted to a neuroICU are at 2—5 times greater
risk for CAUTIs due to neurogenic urinary retention and
a resulting higher frequency of indwelling urinary cath-
eters [4]. Despite the risks that CAUTIs pose specifically
to the neuro-critically ill population, apart from the pres-
ence of an indwelling urinary catheter, there is little data
to guide care teams on possible risk factors for CAUTIs
in this subspecialty population. Identifying neuro-spe-
cific patient characteristics for susceptibility to CAUTI
can serve as a foundation for predictive models that can
help evaluate, control and eliminate HAIs and potentially
improve patient outcomes, work efficiency and minimize
related hospital costs.

The purpose of this study was to determine who among
urinary-catheterized neuro-critically ill patients devel-
oped a CAUTI, when they developed it, and to evalu-
ate the patient’s characteristics for commonalities and/
or clinical traits, with the ultimate aim to gain insight
on neuro-specific patient characteristics for susceptibil-
ity to CAUTI that would serve as a foundation for pre-
dictive models to decrease CAUTI occurrence in this
population.

Methods

In this case-control study, we retrospectively reviewed
patient characteristics and diagnoses of all patients over
the age of 18 admitted to a 30-bed dedicated neurolCU
of a single tertiary, level-one trauma and Academic Med-
ical Center located in the Southeastern USA, who devel-
oped a CAUTI between January 1st, 2016 and December
31st, 2018. We randomly selected three neuroICU con-
trol patients per CAUTI case (144 catheterized controls,
ratio control: case 3.2) and matched those to the cases
using the following inclusion criteria: those who received
an indwelling urinary catheter but did not develop a

CAUTI within the study period. The institution’s Elec-
tronic Health Records (EHR) data were used, in order
to obtain a relatively large comparison group as well as
controlling for selection bias. During the study period, all
case data (45 cases) were prospectively collected during
daily urine-catheter-utilization rounds by the unit-based
advanced practice nurses, eliminating recall bias. The
institution’s EHR was also used to retrospectively col-
lect control data, as well as cross-reference case data to
ensure completeness and accuracy.

Using standard Centers for Disease Control and Pre-
vention (CDC) and the National Health Surveillance
Network (NHSN) definitions, a CAUTI was defined
as a quantitative culture containing>10° colony form-
ing units (CFU)/mL of one or two microorganisms in a
patient with an indwelling urinary catheter in place for
more than 2 consecutive days with one of these four signs
or symptoms: (1) fever (>38.0 °C), (2) suprapubic tender-
ness, (3) costovertebral angle pain and (4) costovertebral
angle tenderness [5]. If more than two types of microor-
ganisms were isolated, the sample was considered to be
contaminated [6].

Demographic, clinical and laboratory data were col-
lected prospectively during daily rounds. Clinical data
included the following seven components: (1) patient
diagnosis (1a) primary diagnosis and (1b) secondary diag-
nosis, (2) length of stay (LOS; 2a) hospital LOS (HLOS)
and (2b) neuroICU LOS, (3) catheterization details (3a)
catheter location and (3b) catheter timing, (4) in-indwell-
ing urinary catheter details (4a) catheter number and (4b)
catheter days, (5) urinary analysis (UA) details (5a) UA
number and (5b) UA timing, (6) urinary culture details,
(7) stool incontinence details (7a) number of inconti-
nence episodes (7b) incontinence timing and (7c) fecal
management system (FMS) use details and (8) antibiotic
use details. The detailed culture reports for CAUTI cases
with positive culture were collected from the infection
control (IC) department using the TheraDoc® database.

The study was approved by the local Institutional
Review Board (IRB201701469).

Data Analysis

Descriptive data analysis and summary statistics were
used to describe the quantitative variables. Frequency
tables were used to describe the categorical variables
(patient diagnosis, gender, UA details, urinary culture
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details, stool incontinence, FMS use). Additional Stu-
dent’s t-tests were conducted to assess differences in risk
factors between cases and controls. Univariate and mul-
tivariate logistic regression models were created using
variables collected in both cases and controls dataset
(age, gender, HLOS, neuroICU LOS, primary diagnoses
and presence of stool incontinence) to find the quanti-
tative impact of these variables on the odds of getting a
CAUTI infection in the neuro-critically ill population.
The age variable was further stratified into four groups:
18-40 years, 41-60 years, 61-80 years and 81-100 years.
Hospital LOS and neuroICU LOS were further strati-
fied into two groups based on the mean for HLOS and
research set benchmark for neuroICU LOS (HLOS >22
and<22 days; neurolCU LOS>10 and<10 days). The
probability of<0.05 was used as the minimum level of
significance. Data analysis was conducted using SAS™
software version 9.4 (SAS Institute, Cary NC), GraphPad
prism and Microsoft Excel 2019.

Results

There were a total of 3045 admissions to the neuroICU
during the study period. Of those, 1045 (34.31%) patients
had an indwelling urinary catheter during at least a part
of their neuroICU stay. 45 patients developed a CAUTL
The average CAUTI rate defined as number of infec-
tions/1000 catheter days in the neuroICU for this study
period was 5.34 (2016 calendar year), 5.69 (2017 calen-
dar year) and 2.20 (2018 calendar year). Detailed and
monthly CAUTI rate showing number of infections per
1000 catheter days is shown in Supplementary Table 2.
CAUTI incidence in the entire neuro-critically ill popu-
lation during the study period was 1.48% and CAUTI
incidence in the catheterized neuro-critically ill popula-
tion was 4.30%. The baseline characteristics of our study
population are presented in Table 1. The mean age of the
CAUTI patients was 66.44 years versus 58.09 years in the
control group (p<0.0001). There were significantly more
females among cases than controls (p <0.0001).

Table 1 Baseline characteristics of CAUTI cases and control group

CAUTI cases
(n=45)

Age (mean=+£SD) 6644+ 10.55
Gender

% Female 75.56

% Male 2444
Hospital LOS 22.20+13.77
NeurolCU LOS 1831£10.65
Primary diagnosis

Subarachnoid hemorrhage 16 (35.56%)

Intracranial hemorrhage 7 (15.56%)
Ischemic stroke 5(11.11%)

Traumatic brain injury 4 (8.89%)

Seizures 3 (6.67%)

Spinal-cervical/thoracic 2 (4.44%)

Spinal-lumbar/sacral 2 (4.44%)

Brain mass/tumor 1(2.22%)

Other 6 (13.33%)
Secondary diagnosis

HTN 18 (40.00%)

Vasospasm 8 (17.78%)

Diabetes 6 (13.33%)

Active ongoing infection 4 (8.89%)

Cerebral edema 0 (0.00%)

Other

25 (55.56%)

NeurolCU controls p value
(n=144)
58.09+16.83 <0.0001***
40.97 <0.0001%**
59.03
12.754£8.85 <0.00071%***
8.05+8.28 <0.0001***
11 (6.67%) 0.0005***
9 (9.44%) 0.0912
27 (19.44%) 0.1810
1(1.11%) 0.0659
12 (8.33%) 0.6975
21 (11.67%) 0.0186*
2 (3.41%) 0.3542
25 (15.56%) 0.0003**
36 (28.89%) 0.0138*
1(0.69%) <0.00071%**
0 (0.00%) 0.0017**
3 (2.08%) 0.0189%
3 (2.08%) 0.0668
31 (21.53%) <0.0001%**
107 (74.31%) 0.0119*

ICU intensive care unit, LOS length of stay, SD standard deviation

‘Other’ category included a variety of diagnoses which were not possible to categorize into a discrete variable

*p<0.05, **p < 0.01, **p <0.001
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Primary and Secondary Diagnosis

Distribution of the primary diagnosis across all patients
is shown in Table 1. The most common primary diagnosis
in the case group was subarachnoid hemorrhage (SAH).
More than one-third of the cases (35.56%) had SAH as
the primary diagnosis compared to 6.67% patients in the
control group (p=0.0005). In contrast, the most com-
mon primary diagnosis in the control group was ischemic
stroke, 19.44%, compared to 11.11% of the CAUTI cases
(p=0.1810). Hypertension (HTN) (18, 40.00%), vasos-
pasm (8, 17.78%) and diabetes (6, 13.33%) were the most
common secondary diagnosis associated with cases,
whereas the most common secondary diagnosis found in
the controls was Cerebral Edema (31, 21.53%).

Length of Stay
The average HLOS for CAUTI cases was 22.20 days ver-
sus 12.75 days among controls (p <0.0001). Similarly, the

average NLOS was 18.21 days for CAUTI cases versus
8.05 days for controls (p <0.0001) (Table 1).

Time-to-CAUTI

Time-to-CAUTI was analyzed for neuroICU stay and for
duration of catheter in place (Figs. 1, 2). The average time
from neurolCU admission to acquiring the CAUTI was
11.5 days (SD £7.53), with 31.11% of CAUTI cases being
acquired during days 6-10 of their neuroICU admis-
sion. The average time from catheter insertion to acquir-
ing the CAUTI was 6.2 days (range 2-25, SD+4.39).
While half (53.30%) of CAUTI cases had one indwell-
ing urinary catheterization during their hospital stay,
46.70% had>2 indwelling urinary catheterizations. Of
these patients with >2 indwelling catheters, 15 (33.30%)
patients acquired a CAUTI by day 5 of neurolCU admis-
sion, while 3 patients (6.67%) acquired a CAUTI between
6 and 10 days of neuroICU admission.
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The average catheter days for the CAUTI cases were
7.5 days (range 2—25 days; SD + 5.01). Almost one-third
(31.00%) of the CAUTI cases had longer than average
catheter days and 13% of these cases had SAH as their
primary diagnosis.

Univariate logistic models for the risk factors
detailed in the methods section revealed that age group
61-80 years (OR=11.19, p=0.0210), female gender
(OR=4.21, p=0.0002), HLOS>22 days (OR=4.81,
p<0.0001), NLOS>10 days (OR=12.03, p<0.0001),
primary diagnosis of SAH (OR=8.27, p<0.0001) and
presence of stool incontinence (OR =9.60, p <0.0001)
were significant risk factors for CAUTI development

among neurolCU patients. On multivariate regres-
sion analysis, significant risk factors were: age group
of 61-80 years (OR=10.94, p=0.0362), female gen-
der (OR=4.01, p=0.0031), neuroICU LOS>10 days
(OR=6.09, p=0.0010) and presence of stool inconti-
nence (OR =3.73, p=0.0146). Detailed results of mul-
tivariate analysis are included in the Supplementary
Table (Table S1). Further analysis was conducted to
understand the interaction between SAH, HLOS and
NLOS. The logistical models showed that patients
diagnosed with SAH were 7.4 times more likely to
have HLOS > 22 days (p <0.0001) and 50.26 times more
likely to have ICU LOS > 10 days (p =0.002).
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Urine Analysis (UA) & Urine Culture Details

Two-thirds (64.44%) of cases received a UA on admis-
sion to the hospital out of which (53.33%) had a negative
result. The most common reason for ordering a urine
culture in patients was fever (53.33%). The most common

Table 2 UA and urine culture details

NeurolCU CAUTI cases
(n=45)

n (%)

UA on admission

Yes 29 (64.44%)
No 16 (35.56%)
UA result on admission
Positive 8 (17.78%)
Negative 24 (53.33%)
Urine culture result if positive UA
Positive 4 (8.89%)
Negative 4 (8.89%)
Urine culture details
Culture order reasons
Fever 24 (53.33%)
Unexplained mental status/neuro-decline 8 (17.78%)
Elevated WBC count 8(17.78%)
Undocumented 4 (8.89%)
Common organisms
E. coli 23 (51.11%)
P aeruginosa 5(11.11%)
E. aerogenes 2 (4.44%)
Others? 15 (33.33%)

UA urine analysis, WBC white blood cell
2 Includes organism other than above stated

Table 3 Stool incontinence

CAUTI cases
(n=45)

n (%)

microorganism in urine cultures was E. coli. The detailed
results of urinalysis, reasons for ordering a urine cul-
ture, and urine culture microbiology results are shown in
Table 2.

Stool Incontinence Details

Given the mixed microbiology seen in positive urine
culture, the number of stool incontinence episodes
within 3 days of infection were also explored. Among
the case group, majority of patients (84.44%) had stool
incontinence compared to one-third (36.11%) patients
in control group (p<0.0001). In the case group, more
than half patients (57.78%) had greater than three stool
incontinence episodes compared to less than one-third
(28, 19.44%) patients in the control group (p<0.0001)
(Table 3). Out of all patients, where (FMS) was indicated,
in case group (21, 80.76%) patients had an FMS placed
compared to (19, 67.85%) eligible patients in the control
group. Reasons for not having FMS varied from not clini-
cally indicated per institutional guidelines (greater than 3
loose/watery stools in a 24-h period) or it was clinically
contraindicated due to patient conditions (i.e., increased
intracranial pressure, rectal tears or previous rectal
surgery).

Antibiotic Use Details

The prevalence of antibiotic use (prior to a CAUTI epi-
sode in cases and during overall stay in controls) was
assessed. We found significant difference in antibi-
otic use among both groups (Cases: 46.67%; controls:
29.81%; p=0.04). The most common antibiotic used in
the case group prior to a CAUTI episode was ampicil-
lin (18.44%), whereas in the control group most com-
mon antibiotic used was cefepime (26.27%). This variable

CAUTI controls
(n=144)

n (%)

Stool incontinence

Yes 38 (84.44%)

No 7 (15.56%)
Stool incontinence episodes

Greater than 3 26 (57.78%)

0-3 12 (26.67%)
Fecal management system before CAUTI

FMS clinically indicated 26 (57.78%)

FMS used 21 (46.67%)

No FMS used when clinically indicated 5(11.11%)

52 (36.11%) <0.0007%**
92 (63.89%)
28 (19.44%) <0.00071%**
24 (16.67%)
28 (19.44%)
19 (13.19%) <0.0007***

9 (6.25%)

CAUTI catheter associate urinary tract infection, FMS fecal management system

*p<0.05, **p<0.01, ***p < 0.001
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was incorporated in the multivariate logistic regression
model to assess its impact on overall CAUTI probabil-
ity; however, antibiotic use did not independently predict
CAUTI development (OR=1.29, p=0.58).

Discussion

In this three-year long, case—control, single-center
study of CAUTI in the neurolCU, we found that pres-
ence of stool incontinence, in addition to age group of
61-80 years, female gender, and NLOS>10 days, are
significantly associated with CAUTI development in
neuro-critically ill patients. Other important risk fac-
tors identified were primary diagnosis of SAH, second-
ary diagnosis of HTN and diabetes, and occurrence of
vasospasm. Furthermore, we found that presence of
stool incontinence was significantly more prevalent in
the CAUTI group. With regard to time to occurrence
of CAUTI, the average time-to-CAUTI was only 6 days,
with patients who required more than one indwelling uri-
nary catheter placement within the first 5 days of admis-
sion contributing to an early peak of CAUTI occurrence.
Antibiotic use prior to CAUTI development did not pre-
sent an independent risk or protective factor.

The relationship between length of stay, age and gen-
der predominance with risk for CAUTI [7] has been
described in previous studies [8, 9] and our study spe-
cific to the neuroIlCU confirms these findings. HTN and
diabetes were comorbidities identified as possible risk
factors for CAUTI. Due to the effect of diabetes on the
immune system, this might not be a surprising finding.
For HTN, the association is less clear, and interpretation
may be hampered by the lack of details about the cod-
ing of this diagnosis in our population, as well as lack of
data on baseline level of control of HTN. For SAH, our
data are in line with previous findings for SAH patients
[10] indicating that SAH diagnosis itself may not increase
CAUTI risk but rather increase the risk due to the pro-
longed hospital stay, and prolonged indwelling urinary
catheter utilization for strict management of intake and
output to achieve euvolemia especially in the setting of
cerebral vasospasm. Similar results were found in the
referenced previous study showing a CAUTI rate of
20.7/1000 catheter days [10]. Our data support the call
for heightened attention in this specific diagnosis group,
and future adjustment of practice patterns and catheter
utilization in patients with SAH.

Of our findings, the presence of stool incontinence, the
timing of CAUTI and the early risk for patients receiv-
ing more than one indwelling urinary catheter present
previously unknown factors and are of specific rele-
vance. More than 80% of our case group had the condi-
tion of stool incontinence, associated most often with
neurogenic bowel and/or medication-related diarrhea

oftentimes induced to counter constipation or even ileus.
Generally, the national nursing guidelines for patients
with stool incontinence suggest fecal containment, using
either external rectal pouch or internal FMS, after three
episodes of loose/watery stools in a 24h period [11].
Based on our data, which show an association between
stool incontinence and CAUTI occurrence, this gen-
eral recommendation may not be optimal or feasible for
neuro-critically ill patients requiring an indwelling uri-
nary catheter, especially if at risk for CAUTL. Earlier stool
containment might be a possibility to reduce CAUTI
rates.

Our data on time-to-CAUTI are an important new
addition to the slim body of knowledge on CAUTIs in
the neuroICU population. While in previous data, longer
LOS has been found as a factor associated with CAUTI
[10], our data show that there is a proportion of patients
who develop a CAUTI early on, with repeated indwelling
urinary catheter placement as risk factor. This may aid
the practicing clinician not only in exertion of vigilance,
but also perhaps suggest proactive rather than reactive
stool containment, and avoidance of indwelling urinary
catheter placement even more in this subset.

Another consideration is that with presence of an
indwelling urinary catheter, chemical inflammation will
occur with increased white blood cell (WBC) count in
a UA, which does not necessarily indicate infection. The
most common symptoms for ordering a urine culture in
our study that eventually led to CAUTI diagnosis were
non-specific, such as fever (53%) and increased WBC
count (18%)—which often present in the neuro-critically
ill population in absence of infection [12, 13]. Coloniza-
tion of catheters after 6-7 days, especially in presence of
stool incontinence, is another problem not well studied.
In our study, several subjects had a CAUTI by definition,
but a negative UA, suggesting that these were colonized
specimens versus true active infections, despite using
NSHN definitions. Adjustment of culturing practices
might assist to avoid classification of a colonized cathe-
ter as acute infection and initiation of antibiosis where it
might not be required.

Strengths and Limitations of the Study

By using standardized, prospective nursing indwelling
urinary catheter rounding data, our data are free of recall
bias. The study design as case—control allowed for com-
parison of patients without CAUTI to those with CAUTI
development in the population of the same unit, hence
eliminating potential impact of unit-specific practice on
catheterized patients. Further, CAUTI rate vs. CAUTI
incidence is typically the reported metric for CAUTL
However, this rate metric becomes skewed as the urinary
catheter utilization decreases, a primary intervention in
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CAUTI reduction. As our catheter utilization reduced
below 30% utilization, we found it helpful to also track
CAUTI incidence (i.e., the number of raw infections) as
a specific metric for infection patterns. No selection bias
was present in the study as the controls were selected
from the same population as the cases and their selection
was independent of the presence or absence of risk fac-
tors of interest (e.g., age, gender, diagnosis, hospital LOS,
indwelling urinary catheter days, frequency of catheteri-
zation, etc.). Limitations included local practice patterns
of indwelling urinary catheter insertion including fre-
quency of use, and nursing protocol of insertion, inability
to comment on presence of urinary retention versus uri-
nary incontinence as a possible factor that could reduce
catheter utilization, and lack of granularity in our data to
gain more insight into specific effects of sub-diagnoses
such as vasospasm and cerebral edema.

Conclusion

Presence of stool incontinence, older age, female sex,
longer neuroIlCU LOS, HTN and diabetes, were iden-
tified as risk factors for CAUTI development in the
neuro-critically ill population. Urine culturing may yield
colonization with bacterial growth despite negative uri-
nalysis rather than reflect true infection. Average time-
to-CAUTI was 6 days, with a subset of CAUTIs occurring
early during the hospital course and linked to repeated
catheter placements. Additional prospective and multi-
center research is needed to understand the impact these
clinical characteristics have in order to define why the
neuro-critical care population is especially vulnerable,
and to develop appropriate prevention protocols to avoid
CAUTT in neuro-critical care patients.
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