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Abstract

Background: An indwelling urinary catheter (IUC) is often inserted to manage bladder dysfunction, but its impact on
prognosis is uncertain. We aimed to determine the association of [UC use on clinical outcomes after acute stroke in the
international, multi-center, cluster crossover, Head Positioning in Acute Stroke Trial (HeadPoST).

Methods: Data were analyzed on HeadPoST participants (n = | 1,093) randomly allocated to the lying-flat or sitting-up
head position. Binomial, logistic regression, hierarchical mixed models were used to determine associations of early
insertion of I[UC within seven days post-randomization and outcomes of death or disability (defined as “poor outcome,”
scores 3—6 on the modified Rankin scale) and any urinary tract infection at 90 days with adjustment of baseline and post-
randomization management covariates.

Results: Overall, 1167 (12%) patients had an IUC, but the frequency and duration of use varied widely across patients in
different regions. IUC use was more frequent in older patients, and those with vascular comorbidity, greater initial
neurological impairment (on the National Institutes of Health Stroke Scale), and intracerebral hemorrhage as the
underlying stroke type. IUC use was independently associated with poor outcome (adjusted odds ratio (aOR): 1.40,
95% confidence interval (Cl): 1.13—1.74), but not with urinary tract infection after adjustment for antibiotic treatment
and stroke severity at hospital separation (aOR: |.13, 95% CI: 0.59-2.18). The number exposed to IUC for poor
outcome was |3.

Conclusions: IUC use is associated with a poor outcome after acute stroke. Further studies are required to inform
appropriate use of IUC.
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Bladder dysfunction is common after acute stroke,
affecting at least one third of patients.! A urodynamic
study suggested frequencies of urinary incontinence of
73% and 64%, and urinary retention of 13% and 52%,
in patients with acute intracerebral hemorrhage (ICH)
and ischemic stroke, respectively.” An indwelling urine
catheter (IUC) is often inserted to manage these condi-
tions,® but the benefits may be offset by increased mor-
tality and morbidity, especially in the context of
incontinence.*> Guidelines®’ therefore recommend
cautious use of IUC and for their early removal to
avoid urinary tract infection (UTI) and other sepsis.
However, these recommendations are based on level
C grade of evidence, since the data are derived from
studies limited by small sample size, retrospective
design, and incomplete adjustment for confounding.
We aimed to determine associations of IUC use and
90-day clinical outcomes in stroke patients with a
broad range of characteristics who participated in the
international Head Positioning in Acute Stroke Trial
(HeadPoST).®

Methods
Study population

HeadPoST was an international, multicenter, cluster
crossover, clinical trial that involved 11,093 adults
(=18 years) with acute stroke randomly allocated to
the lying flat or sitting up head position soon at 114
hospitals in nine countries from March 2015 to
November 2016.® A guardian consent process was
used to implement the randomized intervention as a
policy of usual service delivery to a pre-defined patient
cluster; patients provided consent for use of their med-
ical record data and centralized telephone follow-up.
HeadPoST is registered at ClinicalTrials.gov
(NCT02162017).

Procedures

Demographic, medical history, and clinical informa-
tion, included the severity of neurological impairment
on the National Institutes of Health Stroke Scale
(NIHSS), were collected at baseline. Data of IUC use,
including insertion date, along with other pre-defined
management interventions, repeat NIHSS, and an

assessment of functional status on the simplified mod-
ified Rankin scale (mRS) were collected at day 7 post-
randomization (or at hospital separation if earlier).
Recorded TUC use was assumed as the first insertion
after hospital admission and duration of use was cen-
sored at day 7. Trained staff, blind to treatment alloca-
tion, contacted patients not known to have died by
telephone to assess their functional status on the mRS
at 90 days. The primary outcome for these analyses was
death or dependency (mRS scores 3—6). The secondary
outcome was UTI identified from details related to ser-
ious adverse events (SAEs) reported by site investiga-
tors to the end of follow-up at 90 days.”

Statistical analysis

Binomial, logistic regression, hierarchical mixed models
were used to adjust for the fixed effects of head position
(lying-flat vs. sitting-up) and cross-over period, random
effects of cluster, and random interaction effects
between cluster and crossover period. The term “unad-
justed” was used for convenience in defining this initial
mixed model. Potential confounders at baseline and
day 7 post-randomization (P value < 0.2) in univariate
analyses (Table 1; Supplemental Tables SI and S2)
defining associations of IUC and outcomes were
included in sequential hierarchical logistic regression
models with (model I) country groups according to
region, (model II) baseline characteristics, and (model
III) management covariates. As the NIHSS and mRS
scores at day 7 (or earlier) were correlated (Spearman’s
rank correlation =0.72), the former scale was used in
model III to adjust for early neurological change. As
there was a high proportion of missing day 90 mRS
scores (12%), multiple imputation was conducted for
a sensitivity analysis with all covariates (include out-
come variable) in the mixed model for analysis
(method was described in Supplemental Material).
Considering UTI as an intermediate variable for IUC
and poor functional outcome, an additional sensitivity
analysis was conducted to assess the strength of asso-
ciation in patients without UTI. Pre-specified subgroup
analyzes considered head position, age, sex, baseline
neurological severity (NIHSS score), and medical his-
tory. To assist in understanding the adverse conse-
quences of IUC use, we calculated a number needed
to expose for poor outcome using the adjusted odds
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Table I. Characteristics of 11,093 patients by urinary catheter use

Urinary catheter inserted

Characteristics Yes (N=1167) No (N =9829)

Note: Data are n (%), mean (SD) and median (IQR). AlS: acute ischaemic stroke; SD: standard deviation; IQR: interquartile range; ASU: acute stroke
unit; GCS: Glasgow coma scale; ICH: intracerebral hemorrhage; ICU: intensive care unit; mRS: modified Rankin scale; NIHSS: National Institutes of

Health Stroke Scale.
?P values from the Student’s t-test or Wilcoxon rank-sum test for continuous variables, and the Chi-squared test or Fisher’s extract test for categorical

variables.
PEstimated functional grade score 0—1 on the mRS.
“Includes decompressive hemicraniectomy, open craniotomy, minimally invasive surgery, and intraventricular drainage of ICH.
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ratio (aOR) obtained in models.® Data are reported
with 95% confidence intervals (CIs), and a two-sided
P <0.05 was considered statistically significant. All
analyses were performed with SAS version 9.3 (SAS
Institute, Cary, NC).

Data sharing

Individual participant data used in these analyses can
be shared by formal request with protocol from any
qualified investigator to the Research Office of The
George Institute for Global Health, Australia.

Results
Patient characteristics for IUC insertion

Of the 11,093 randomized HeadPoST patients (mean
age 68 £ 14 years; 60% male), 1167 (11.6%) had an
IUC inserted during their hospitalization, but this
figure varied widely across regions: highest for partici-
pants in India/Sri Lanka (33.8%), followed in decreas-
ing frequency by those in South America, Australia/
UK, and China (including Taiwan) (Supplemental
Table S3). The median duration over seven days of
IUC insertion was five days (interquartile range
(IQR): 3-7) (Supplemental Table S3).

Table 1 shows that the highest likelihood of TUC use
was in older patients, and those with history of heart
disease, greater initial neurological impairment, and a
diagnosis of ICH. In particular, most (70.7%) older
patients (>65 years) had an IUC. Similarly, day 7
data indicate that IUC use was related to greater

neurological impairment and physical disability,
defined by higher NTHSS and mRS scores, respectively.
Moreover, IUC use was more frequent after an admis-
sion to an intensive care or acute stroke unit, and in
those who received antibiotics within the seven days, as
compared to those without an IUC (Table 1).

IUC and outcomes

Median duration of IUC use in patients with a poor
outcome (death or dependency, mRS 3-6) was signifi-
cantly higher than in those with good functional recov-
ery (six vs. five days, P=0.013; Supplemental Table
S4). Compared to patients without an ITUC, those
with TUC had a greater likelihood of a poor outcome
(76.6% vs. 34.7%; P < 0.0001; Supplemental Table S5).
Table 2 shows that the increased odds of poor outcome
with TUC use persisted after adjustment for imbalance
in baseline characteristics and post-randomization
management variables (model 11T aOR: 1.40, 95% CI:
1.13-1.74) and after multiple imputation of missing
outcome data (aOR: 1.36, 95% CI: 1.14-1.63). A sig-
nificant interaction was found for IUC use and baseline
NIHSS score (P for interaction 0.0019; Supplemental
Figure S1). The number needed to be exposed to an
IUC for harm (death or dependency) was 13.

Overall, only 0.7% (76/11,093) patients had a UTI
(Supplemental Table S5), and this was more likely in
those with ITUC (1.5% vs. 0.6%, P=0.0002;
Supplemental Table S5). The median time to diagnosis
of UTI was 17 (IQR: 5-36) days; but only 38% (29/76)
of UTI events occurred within day 7/discharge
(Supplemental Figure S2). However, in those patients

Table 2. Association of urinary catheter use and death or dependency at 90 days

Complete case dataset

aOR (95% Cl)

Multiple imputation dataset

aOR (95% ClI)

Unadjusted® 5.44 (4.54-6.39)

<0.0001

5.17 (4.44-6.02) <0.0001

Model 11 2.31 (1.91-2.78)

aOR: adjusted odds ratio; Cl: confidence interval.

<0.0001

2.21 (1.85-2.64) <0.0001

*Binomial logistic regression model with adjustment for the fixed effects of head position (lying-flat vs. sitting-up) and crossover period, and random
effects of cluster, and random interaction effects between cluster and crossover period.
®Model | adjusted for region (Australia/UK, China including Taiwan, India/Sri Lanka, South America).

“Model Il is model | with further adjustment for baseline covariates of age as a continuous variable, sex, estimated premorbid grade 0 or | on the mRS,
baseline NIHSS score as a continuous variable, history of heart disease (any heart failure, atrial fibrillation or coronary artery disease), diabetes mellitus
or stroke, and pathological stroke type.

9Model Il is model Il further adjusted for individual variables at day 7 or earlier hospital separation, including intensive care unit admission, acute stroke
unit admission, antibiotic use, and NIHSS score as a continuous variable.
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Table 3. Association of urinary catheter use and urinary tract infection within 90 days

Orriginal dataset

aOR (95% Cl)

Multiple imputation

aOR (95% Cl)

Unadjusted® 2.85 (1.62—4.99) 0.0003 2.85 (1.62—4.99) 0.0003

Model 11 2.08 (1.13-3.82) 0.018 2.05 (1.12-3.75) 0.020

aOR: adjusted odds ratio; Cl: confidence interval.

?Binomial logistic regression model with adjustment for the fixed effects of head position (lying-flat vs. sitting-up) and crossover period, and random
effects of cluster, and random interaction effects between cluster and crossover period.

®Model | adjusted for region (Australia/UK, China including Taiwan, India/Sri Lanka, and South America).

“Model Il is model | with further adjustment for baseline covariates of age as a continuous variable, sex, estimated premorbid grade 0 or | on the mRS,
baseline NIHSS score as a continuous variable, history of heart disease (any heart failure, atrial fibrillation or coronary artery disease), diabetes mellitus
or stroke, and pathological stroke type.

9Model Il is model Il further adjusted for individual variables at day 7 or earlier hospital separation, including intensive care unit admission, acute stroke
unit admission, antibiotic use, and NIHSS score as a continuous variable.

with UTI, there was no clear difference in the median
duration of IUC compared to those without UTI (4 (3—
6) vs. 5 (3-7) days; P=0.17) (Supplemental Table S4).
Table 3 shows this association in the initial adjusted
analysis (model II, aOR: 2.08, 95% CI: 1.13-3.82),
but lost significance after adjustment for post-randomi-
zation management variables that included antibiotic
use and day 7 (or hospital discharge) neurological
severity (model III, aOR: 1.13, 95% CI: 0.59-2.18).
These associations remained after multiple imputation
(model 1T, OR: 1.18, 95% CI: 0.63-2.19). In patients
who received an TUC, duration of early use was not
associated poor outcome (aOR: 1.03, 95% CI: 0.93—
1.14; Supplemental Table S6).

Subgroup analysis

The odds of poor outcome being higher in females (P
for interaction 0.01), the elderly (age > 80 years; P for
interaction 0.006), and those with mild neurological
impairment (NIHSS scores of 0-4; P for inter-
action <0.0001) compared in other subgroups
(Supplemental Figure S3). No heterogeneity was
found for stroke subtypes (P for interaction 0.47;
Supplemental Figure S3), nor among subgroups for
outcome in those with UTI (Supplemental Figure S4).

Role of UTI on poor outcome

Patients with UTI were more likely to have a poor
90-day outcome compared to those without UTI
(71.9% vs. 39.0%; P <0.0001; Supplemental Table S2),
but not after adjusting for all confounders (aOR: 1.46,
95% CI: 0.70-3.04; Supplemental Table S7). The positive

association of IUC and poor outcome persistent after
including UTI as a confounder in the primary analysis
(aOR: 1.41, 95% CI: 1.13-1.75; Supplemental Table S7).
Sensitivity analysis shows that the positive association of
IUC use and poor outcome was also present in patients
without UTI, and of the same magnitude as identified in
the primary analysis of the overall population (aOR:
1.43, 95% CI: 1.15-1.78; Supplemental Table S8).

Discussion

In these secondary analyses of a large population of
patients with acute stroke, we have shown that inserting
an [TUC was associated with a poor functional outcome
after adjusting for various prognostic and management
confounders, including a diagnosis of UTI and early in-
hospital antibiotic use.

Opverall, approximately 1 in 10 stroke patients in our
study had an TUC inserted, but the frequency was
higher in the elderly and those with a history of heart
disease, greater baseline neurological deficit, and ICH
as the cause. As such, the lower overall frequency of
IUC in our study than reported in registries (20%—
30%)*>1° may reflect the selective nature of the clinical
trial population which included patients with predom-
inantly mild to moderate neurological severity, despite
the pragmatic design and broad inclusion criteria. Yet,
our data are consistent with others in showing an asso-
ciation of TUC with increasing age and stroke sever-
ity.*!" Clearly, critical ill patients with more severe
deficits are at increased risk of bladder dysfunction
and adverse outcomes, and therefore, they require
more intensive monitoring and interventional proced-
ures, such as IUC insertion.

International Journal of Stroke, 16(2)
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Explanations for the adverse consequences of TUC
insertion not so clear cut.” While an ITUC may com-
promise early mobilization and rehabilitation and
cause an inflammatory reaction from subclinical uro-
sepsis.'? Another explanation for the significant associ-
ation of IUC and poor outcome is indication bias,
whereby patients at risk of poor recovery (old age or
severe disability) are more likely to receive an TUC as
part of their management. Our subgroup analyses
showed the adverse effect of TUC to be greater in
patients with mild deficits (NIHSS scores 0—4) and
early residual disability (mRS 0-2), suggesting caution
in considering an TUC in such patients. Protocols out-
lining indications and management of ITUC may help
reduce complications and improve outcomes.'*!*
Moreover, the finding elsewhere of females with poor
functional stroke outcome'’ having higher rates of
inappropriate ITUC use'® may explain our finding of
sex differences in the prognostic significance of TUC.

A recent meta-analysis has shown a wide frequency
(3%—44%) of UTI after stroke according to study
design and setting.'” Once again, the low (0.7%) fre-
quency of UTI in HeadPoST compared to an observa-
tional study'® may relate to selection and observer bias,
and diagnosis based on reported SAEs rather than sys-
tematic surveillance. However, our approach was argu-
ably more clinically relevant in using a ‘‘clinically
significant” endpoint and in showing attenuation of
the association of IUC use and UTI after adjustment
for antibiotic use and level of functional impairment.
Our findings are therefore contrary to a previous hos-
pital-based study showing a significant association of
TUC and UTL" but these results were based on small
sample where UTIs were reported without standard
diagnostic criteria, and there was no adjustment for
other variables, such as antibiotic use. Our study also
contrasts with another study which found an associ-
ation of UTI and poor functional outcome (mRS 3—
5) at the time of hospital discharge,”® but is consistent
with another study where adjustments were made for
prognostic covariates.” Nonetheless, we recognize that
the small number of cases of UTI in our study restricted
our ability to undertake stratified analyzes or adjust for
a large number of covariates.

Strengths of our study include the large sample size
of participants with a broad range of characteristics
managed in a range of health-care settings. Moreover,
we were able to adjust for a large number of potential
confounding prognostic factors in different multivari-
able models. However, in any observational study,
there is the potential for incomplete adjustment, while
the lack of systematic screening for UTI and reliance on
SAE data, likely biased reported events toward those
that were more clinically significant or symptomatic.
We also had very limited information of the type of

IUCs used, their indication, timing of removal, and
relationship in the use of antibiotics. The data of cen-
sored assessment of all hospital management also lim-
ited the utility analysis of IUC duration and outcomes.

In summary, IUC use is associated with a poor func-
tional outcome after acute stroke, after adjustment for
a range of important prognostic and management fac-
tors. Further studies are required to establish causal
pathways and inform guideline recommendations
regarding the appropriate indications for ITUC to
decreases potential risks and promote recovery in vul-
nerable patients.
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