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Introduction: We developed the Hemodialysis Infection Prevention Protocols Ontario—Shower Technique

(HIPPO-ST) to permit hemodialysis (HD) patients with central venous catheters (catheters) to shower

without additional infection risk. Our primary objective was to determine the feasibility of conducting a

parallel randomized controlled trial (RCT) to evaluate the impact of HIPPO-ST on catheter-related bacter-

emia (CRB) in adult HD patients.

Methods: Adult HD patients using catheters were recruited from 11 HD units. Patients were randomized to

receive HIPPO-ST or standard care and were followed up for 6 months. Only CRB-outcome assessors were

blinded. For the study to be considered feasible, 4 of 5 feasibility outcomes, each with its own statistical

threshold for success, must have been achieved.

Results: A total of 68 patients were randomized (33 HIPPO-ST and 35 control) and were followed up to

6 months. Of 5 measures of feasibility, 4 were achieved: (1) accurate CRB rate documented (threshold:

k level >0.80); (2) 97.8% (279/285) of satellite HD patients with catheters were screened (threshold: >95%);

(3) 88% (23/26) in the HIPPO-ST arm were successfully educated by 6 months (threshold: >80%); and (4)

0% (0/29) patients in the control arm were “contaminated,” that is, using HIPPO-ST (threshold: <5%).

However, only 44.2% (72/163) of eligible patients consented to participate (threshold: >80%). The rate of

CRB was similarly low in HIPPO-ST and control groups (0.68 vs. 0.88/1000 catheter days).

Discussion: This HIPPO-ST pilot study demonstrated the feasibility of the larger HIPPO-ST study, especially

given the high levels of education success with the HIPPO-ST arm and the low levels of contamination in

the control arm.
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A
rteriovenous fistulas (fistula) are associated with
the lowest morbidity and mortality of the 3

vascular access types, if they mature to be used to
deliver adequate dialysis.1,2 However, hemodialysis
(HD) central venous catheters (catheters) are the pre-
dominant choice of vascular access for patients
requiring immediate HD until either a synthetic arte-
riovenous graft (graft) or a fistula can be placed.
Currently, despite efforts to promote increased
arteriovenous-access creation and use,3 up to 80% of
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incident and 50% of prevalent patients in North Amer-
ica dialyze via a catheter.4,5 Catheter use represents a
burden on health care resources; it is associated with
both the highest financial costs and the highest associ-
ated morbidity and mortality of all vascular access
types.6–13

Catheter-related infections drive much of this
increased cost,14 with estimates of $17,000 USD to
$32,000 USD for the total direct and indirect costs
associated with hospitalizations due to catheter-related
infection.7,15–17 Catheter-related infections encompass
catheter entry site infections, tunnel infections, and
bacteremia; however, HD catheter-related bacteremia
(CRB) are considered the most clinically important, as
they have the potential to progress to sepsis and
death.6 Thus, it is critically important to have effective
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prophylactic strategies as part of routine catheter care
to limit catheter-related infection overall, and CRB
specifically, with minimal complication risk, inconve-
nience, and discomfort to the patient, and at minimal
cost.18

Currently, in most guideline recommendations on
routine catheter care, wet submersion of the catheter or
catheter entry site is not advised, including swimming,
submerged baths, and showering, as it is not possible
to ensure full protective coverage of the catheter entry
site with dressings, ointments, or other protective
barriers during these activities.19–23 Exposure to non-
sterile, dirty, and/or damp environments may facilitate
microrganism colonization and entry at the catheter
entry site, potentially leading to subsequent catheter-
related infection, especially if the catheter entry site
is not fully healed.20–23 Yet despite the potential
infection risk associated with showering, patient
compliance with the recommendation not to shower
with their catheter is poor. Up to 77% of patients
shower despite being advised not to by their health
care team.24

To address the patient’s desire to shower for hy-
giene and quality of life reasons and to simultaneously
adhere to infection prophylactic measures, several
“shower techniques” have been developed as an
alternative method of catheter care24–26; however,
“shower techniques” have not yet been formally
evaluated to ensure that they do not increase catheter-
related infection risk. We developed the Hemodialysis
Infection Prevention Protocols Ontario—Shower
Technique (HIPPO-ST) to permit HD patients with
catheters to shower but not increase infection risk. The
primary objective of this pilot study is to determine
whether it is feasible to conduct a large randomized
controlled trial (RCT) comparing the rate of CRB in
adult satellite HD patients using HIPPO-ST versus
standard catheter care over 6 months. Our secondary
objectives include comparing the rate and proportions
of CRB, entry site and tunnel infections, and vascular
access�related satisfaction in adult HD patients using
HIPPO-ST versus standard catheter care over 6
months.

MATERIALS AND METHODS

Details of this pilot parallel randomized controlled trial
protocol are published and registered at ClinicalTrials.
gov (NCT02002169), with key study conduct informa-
tion consistent with that described below.27 One major
change from the published protocol was expanding
recruitment into some in-center HD units due to
recruitment challenges (see Discussion) as we originally
planned to recruit only in satellite HD units. The
Kidney International Reports (2017) 2, 228–238
rationale for this initial recruitment decision is that
historically, satellite patients were more “indepen-
dent”; thus we envisioned them to have a greater
ability to learn and to shoulder the responsibility of
performing the shower technique with minimal assis-
tance if they were randomized to it. However, as we
found that some in-center patients had characteristics
similar to those of satellite patients, and as we had
difficulties with recruitment, we expanded our
recruitment criteria and the number of sites (different
from published protocol). To fully reflect the contri-
butions of all the centers across Ontario that developed
the HIPPO-ST, the study title was also altered. The
design, conduct, and reporting of this study adheres to
Consolidated Standards of Reporting Trials (CONSORT)
guidelines (Supplementary Material 1).28 This study
took place in 3 in-center and 8 satellite HD units
affiliated with 2 academic centers, University Health
Network�Toronto General Hospital (UHN-TGH) and
London Health Sciences Centre and 3 community cen-
ters: the Scarborough Hospital, Trillium Health Cen-
tre�The Credit Valley Hospital, and Mackenzie Health
Hospital in South Central Ontario, Canada. Research
ethics board approval was obtained before study
initiation at all participating sites.

Eligibility Criteria

Individuals were screened by the study coordinator
using predefined inclusion and exclusion criteria
(Table 1). The main inclusion criteria included use of a
tunneled HD catheter for >6 weeks and the ability to
take a shower (with or without assistance). The main
exclusion criteria included use of antibiotics at the time
of enrollment and limited life expectancy.

Interventions

Participants with healed catheter entry sites were
randomized to either the Control group, which
involved standard catheter care provided by HD nurses
at the HD center, or to the HIPPO–ST Intervention
group, which involved training and use of the HIPPO-
ST when the participant showered plus standard
catheter care provided by HD nurses at the HD center.
In both the control and HIPPO-ST arms, participants
whose HD center used a prophylactic barrier, poly-
sporin triple ointment (PTO), at the catheter entry site
as part of their standard catheter care protocol,
continued to have it applied according to guideline
recommendations23 or as per HD unit policy and pro-
cedures for HD patient and catheter care, a practice
supported by high-level RCT evidence.29 The duration
of the interventions was 6 months from the time of
randomization.
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Table 1. Criteria for participating in the Hemodialysis Infection
Prevention Protocols Ontario—Shower Technique (HIPPO-ST): pilot
randomized trial

Inclusion criteria

1. English speaking

2. Age $18 years

3. Required a catheter for vascular access: a) end-stage kidney disease (ESKD) without a
functioning surgically created access; b) ESKD patient whose peritoneal dialysis
problems required transfer to HD for an anticipated prolonged period

4. Was willing and able to take a shower as the standard form of body cleansing if
randomized to HIPPO-ST

5. Trisodium citrate (4%) as standard catheter locking solution

6. Catheter has been in situ for >6 weeks

Exclusion criteria

1. Acute kidney failure, likely to be reversible with recovery of renal function

2. Nontunneled catheter

3. Antibiotic use by any route in the week prior to enrolling in the study, including
intranasal mupirocin

4. On immunosuppressant therapy

5. Use of the catheter for purposes other than access for HD (e.g., TPN)

6. Involvement in another interventional study related to their vascular access

7. Catheter or patient life expectancy <6 months (e.g., active malignancy; serious
comorbidity such as hepatic failure)

8. Routine use of TPA or antibiotic as a locking solution

9. Catheter insertion in location other than the neck/chest region (internal jugular or
subclavian acceptable)

ESKD, end-stage kidney disease; HD, hemodialysis; TPA, tissue plasminogen activator;
TPN, total parenteral nutrition.
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Control Group

In the control group,27,29 standard catheter care was
performed by trained HD nurses and consisted of
cleansing with chlorhexidine 2% or povidone (if
allergic to chlorhexidine) at the catheter entry site,
followed by placement of a dry gauze dressing once per
week or when clinically indicated.

HIPPO-ST Group

In the HIPPO-ST group,27 participants randomized to
the HIPPO-ST received a 30-minute personalized
HIPPO-ST training session with the study coordinator,
using the HIPPO-ST training tools (see below) in which
they were taught how to do the following: (i) prior to
showering, prepare all the supplies required to change
their catheter entry site dressing; (ii) carefully shower
to clean their body and to avoid the catheter entry site;
no coverage of the catheter dressing was required; (iii)
after showering, dry their body, again avoiding the
catheter entry site; (iv) wash their hands with soap
thoroughly; (v) carefully and gently remove and
discard existing catheter entry site dressing; (vi)
remove the chlorhexidine-soaked cotton swab appli-
cator (supplied by the study) from its packaging and
then cleanse the skin around the catheter entry site and
catheter tube; (vii) if using PTO, apply the PTO (this
PTO had the participant’s study number affixed, and
participants were taught that this PTO is strictly not to
be used for other reasons or to be shared by other
230
household members); and (viii) apply new dry dressing
at the catheter entry site. At the end of the training
session, the participant had to successfully demonstrate
the HIPPO-ST on a demonstration mannequin, evalu-
ated against a test checklist by the study coordinator
(HIPPO-ST Test), before proceeding to independent
showering.

If the participant passed the HIPPO-ST Test, they
were provided an educational pamphlet on the HIPPO-
ST, not to be shared with other participants, to be kept
as a reference and placed in their bathroom/household.
They were also given the necessary supplies for the
HIPPO-ST, itemized in individual sequentially
numbered kits, to take home. Twelve kits were given
to each patient at a time, enough for 3 showers per
week for 1 month. New kits were distributed monthly.
Study personnel were available to answer any ques-
tions during HD or by telephone for both study arms
any time throughout the study.

Shower Technique Protocol Training Tools

The HIPPO-ST protocol was developed at an in-person
meeting of nephrologist leaders of the participating
centers in which several pre-existing catheter care
protocols were carefully examined and revised until
consensus was reached. The HIPPO-ST training tools,
including an educational pamphlet, video, and
demonstration mannequin, were then developed spe-
cifically for use in the HIPPO-ST pilot study by a panel
of nephrologists, vascular access and HD patient edu-
cation experts, and HD patients. The pamphlet and
video use lay term language (education level, grade 5)
with clear visual aids to explain the HIPPO-ST, as well
as signs and symptoms of infection of which partici-
pants should be aware.

Recruitment

Each site had 6 months to recruit patients, from which a
recruitment rate was determined. All satellite HD pa-
tients with a catheter in situ for at least 6 weeks were
approached. A screening log was maintained and eval-
uated weekly. Participants could rescind consent from
the study at any time. The target sample size was 78
participants and was calculated based on 50% eligi-
bility, 30% refusal, 10% noncompliance, <1% loss to
follow-up, and previous trials in the HD setting.24,27,29

Allocation Process

Once written informed consent was obtained, the
participant underwent formal testing for catheter entry
site healing.27 As no tests of catheter entry site healing
for HD patients were found in the literature, the
catheter entry site healing tests were developed for the
HIPPO-ST pilot study by a panel of vascular access
Kidney International Reports (2017) 2, 228–238



Table 2. Feasibility of Hemodialysis Infection Prevention Protocols
Ontario—Shower Technique (HIPPO-ST): pilot randomized trial

Objective Outcome measure
Criteria for
success Results

Primary objective is to determine the feasibility of the HIPPO-ST study design defined by 5
outcomes below:

1. To assess the accuracy of
capturing the CRB rate within
the satellite HD setting

The level of agreement between
the date the nurse contacts
the coordinator to inform
them of a suspected

infectiona and when the
culture was sent to the

laboratory

k > 0.80 1.0

2. To determine the percentage
of satellite HD patients with
catheters who are screenedb

The percentage of HD patients
with catheters who are
screened for eligibility
among all HD patients

>95% 97.8%

3. To determine the percentage
of eligible HD patients who
consent

The percentage of consented
eligible patients among all

eligible patients

>80% 44.2%

4. To measure the success of
HIPPO-ST teaching

The percentage of patients in
the intervention arm passing
the Shower Technique Test at

3 and 6 months

$80% of
patients

randomized
to HIPPO-ST

88.4%

5. To determine the percentage
of participants in the control
arm who are using aspects
of the intervention

The percentage of controls
who are using aspects of the
HIPPO-ST that they were not

using at baseline

<5% of
participants
in the control

arm

0%

HD, hemodialysis.
aCatheter-related infection defined by the Health Canada guidelines and determined by
the independent event adjudication committee (see previously published protocol for
full details27).
bScreening was challenging in remotely located satellite units (compared to
in-center HD).
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experts, including an expert nephrologist on HD
vascular access,30–35 a vascular access coordinator
(a co-leader experienced as the first vascular access
coordinator in North America),33,36–43 and an experi-
enced HD nurse. The panel established 3 components
to evaluating the entry site for healing: (i) stability of
the catheter ingrowth, (ii) appearance of the catheter
entry site, and (iii) integrity of the seal.27

Stability of the catheter was quantified by measuring
the distance from the hub of the catheter to the entry
site with a small disposable paper ruler before and after
the patient took a deep breath. The catheter is gener-
ally inserted into the internal jugular vein, and pro-
trudes from the chest just below the collar bone. If the
catheter is not endothelialized in situ, the catheter may
move as the patient takes a deep breath due to the
muscles in the chest wall contracting. The measure-
ment was taken during the catheter dressing change
routinely conducted once weekly by the nurses. A
difference between full exhalation and full inspiration
of >0.23 cm indicated a failed test. The appearance of
the catheter entry site was measured using a visual
assessment of the skin around the point of catheter
entry into the chest for signs of irritation and infection
(e.g., redness, discharge, or swelling) by the HD nurse
with the assistance of the study coordinator. The
presence of any 2 of the following present constituted a
failure of this test: redness, discharge, or swelling. The
integrity of the skin seal was measured using a visual
assessment of how tightly the skin is sealed around the
catheter tube by the HD nurses with the assistance of
the study coordinator. The integrity of the skin seal
around the catheter is rated in the test as good, fair, or
poor, and a rating of poor constituted a failure of this
test. If two-thirds or more of the above catheter entry
site healing tests were failed, standard care was applied
and dressings changed once per week on dialysis as per
protocol, and the catheter entry site–healing tests were
repeated once weekly until two-thirds of the tests were
passed, and the patient could proceed to randomiza-
tion, or the study ended. As with other criteria, such as
for exit site infection, the above tests have not been
validated; however it was an attempt to standardize
and objectively determine entry site healing, rather
than have no criteria aside from the current subjective
evaluation by nurses.

Upon passing two-thirds of the catheter entry site
healing tests, participants were randomized via a 24-
hour, telephone-accessed independent central
randomization facility. Randomization involved a
computer-generated randomization sequence using
random block sizes with stratification by study site.
Allocation of participants to the intervention was
concealed to the randomization desk; however,
Kidney International Reports (2017) 2, 228–238
participants and the study coordinator could not be
blinded to allocation status due to the nature of the
intervention. As participants were stratified by site, the
number of patients from each site allocated to each arm
was balanced, and potential differences in outcomes
owing to site-specific practices (e.g., brand of dress-
ings, polysporin triple ointment use) should conse-
quently also be balanced. We therefore did not control
for use of prior regimens in the analysis (regimens are
determined by individual site policies).

Outcomes

Feasibility objectives and their corresponding outcome
measures are listed in Table 2. The primary clinical
objective (exploratory) was to compare the rate of CRB
in patients with healed catheter entry sites using
HIPPO-ST in addition to standard care versus standard
catheter care alone over 6 months (hypothesized to be
non-inferior). Catheter-related infections were adjudi-
cated by a blinded outcomes committee, the HD
Infection Control Subcommittee (HICS),36 at UHN-TGH,
for confirmation and classification of the diagnosis of
CRB according to the Health Canada definitions.44 The
secondary clinical outcome, determining patient satis-
faction with their vascular access, was measured using
the Short Form Vascular Access Questionnaire
(SF-VAQ), which contains 13 items, 1 item relating to
231
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patient satisfaction with the vascular access overall as
measured using a 7-point Likert scale. The other 12
items involve the patient indicating their level of
agreement with individual statements about having
problems with physical symptoms (including pain,
bleeding, swelling, bruising, social functioning, which
includes daily activities, appearance, sleep, and bath-
ing), and complications, including problems on dial-
ysis, vascular access care, hospitalization, and concerns
about vascular access longevity (Supplementary
Material 2).16 For those 12 items, when the 7-point
Likert scale results in low scores, this indicates satis-
faction, a score of 4 indicates neutrality, and high
scores indicate dissatisfaction. For example, in a pre-
vious study of hemodialysis patients,16 the item asso-
ciated with the highest level of dissatisfaction overall in
the social functioning domain was bathing, with values
of 3.27, 1.60, and 1.29 for catheters, fistulas, and grafts,
respectively, suggesting that hemodialysis patients
were satisfied with their current bathing protocol
overall; however, dissatisfaction was markedly higher
for patients with catheters.

Data Collection

Study visits took place at baseline and 3 and 6 months
postrandomization. Baseline clinical, demographic, and
vascular access information was obtained from the
chart and/or a short interview with the participant.
The catheter care survey, a measure of participant
compliance and contamination with their catheter care
protocol, and the SF-VAQ were administered to all
participants at each study visit.45,46 At the once-
monthly monitoring visits, the study coordinator
tracked use of all HIPPO-ST patients’ supplies and
checked dialysis treatment sheets (resource use data
will be reported separately). Feasibility outcomes were
evaluated at each phase of the study (e.g., screening,
recruitment, education, event determination, and
documentation), with successes defined in Table 2.

All participants were clinically evaluated 3 times per
week on HD by their HD nurses, who were all expe-
rienced at recognizing and managing patients with a
suspected catheter-related infection, especially a CRB.27

When an infection was suspected, swabs were sent for
organism identification and growth and antibiotic
sensitivities. A provider (nurse practitioner or physi-
cian) and the study coordinator were notified and
subsequently completed a data collection form and
submitted it to the HICS36 for outcome adjudication
(above).44

All baseline and outcome data were collected by
study coordinators and entered into the computerized
HIPPO-ST database. Only the principal investigator,
232
study coordinator, and monitors from the research
ethics boards had access to the final dataset.

Data Analysis

Descriptive statistics were calculated for all feasibility
outcome measures, with the corresponding hypotheses
and thresholds of success/statistical test listed in
Table 2. For all clinical outcomes (deemed exploratory
in nature), estimates of effect are presented as mean
values for HIPPO-ST and control groups with confi-
dence intervals only, in accordance with a checklist
for the conduct of pilot studies, as this pilot study is
designed to assess feasibility and not statistical sig-
nificance.48 Data from the SF-VAQ are presented as
means due to the ability of Likert scales to approxi-
mate interval level measurements.47,49All analyses
were based on an intention-to-treat approach and
conducted using SPSS 22 software (IBM, Armonk,
NY).

RESULTS

Recruitment and Baseline Characteristics

A total of 72 patients consented to participate, and 68
participants met the criteria for healed tunneled cath-
eter entry site. Of the participants, 35 were randomized
to control and 33 to HIPPO-ST (Figure 1). The
recruitment period was from November 2012 until
December 2014. Recruitment was stopped before the
target recruitment number of 78 was reached due to
non�study-related practical limitations (i.e., funding
was depleted). The participants in the HIPPO-ST and
control groups were similar in their baseline charac-
teristics (Table 3).

Primary Outcome: Feasibility of a Larger Trial

Four of the 5 objectives of feasibility were achieved at
6 months, as reported in Table 2 and detailed by each
objective below.

Feasibility Objective 1: To Accurately Capture the

CRB Rate Within the Satellite HD Setting

The level of agreement between the dates of (1) sus-
pected CRB and notifying the study coordinator within
72 hours and (2) the date the catheter entry site was
swabbed and sent to the microbiology laboratory was
excellent (k ¼ 1.0; success threshold: k > 0.80). The
study coordinator was notified within 72 hours
regarding all 11 cases of suspected catheter-related
infection.

Feasibility Objective 2: To Determine the Percentage

of Eligible HD Patients Who Were Screened

There were 285 patients with catheters during the
screening period, of whom 279 patients (97.8%) were
screened for eligibility to participate in the study (success
Kidney International Reports (2017) 2, 228–238



Not meeting randomization criteria
(n=4)

Assessed for eligibility 
(n=279)

Not Eligible (n=116)
26 had a language barrier
63 could not shower independently
12 did not want to shower
4 had a recent infection and were on 

an antibiotic lock or on antibiotics
5 were planned to discontinue 

hemodialysis at that center within one 
month

2 patients were in palliative care with 
a life expectancy of less than 6 months

4 were using their fistula as their
primary access and had their catheter  
scheduled for removal

Randomized (n=68)

Analyzed (n=33)
Excluded from analysis (analyzed as per 

intention-to-treat) (n=0)

Lost to follow-up (n=6) 
3 deceased
2 transplanted
1 catheter removed and used their fistula

Discontinued intervention (n=0)
3 had suspected catheter-related infection, so 

continued with standard care but discontinued 
HIPPO-ST as per HIPPO-ST protocol

1 withdrew consent to intervention at baseline, 
but agreed to be followed-up

Allocated to Hemodialysis Infection Prevention 
Protocols Ontario - Shower Technique (HIPPO-
ST) + Standard catheter care group (n=33)

Received allocated intervention (n=32)
Did not receive allocated intervention (i.e., 

afraid to perform dressing changes 
following Shower Technique Protocol 
training) (n= 1)

Lost to follow-up (n=6)
3 deceased
2 transferred to other HD units
1 received a kidney transplant

Discontinued intervention (n=0) 
No catheter care change if infection occurred,

as per standard care protocol (n=0)

Allocated to standard catheter care group (n=35)
Received allocated intervention (n=35)
Did not receive allocated intervention (n=0)

Analyzed (n= 35)
Excluded from analysis (analyzed as per 

intention-to-treat) (n=0)

Allocation

Analysis

Follow-Up

Enrollment Declined to participate (n= 91)
12 said that they were not able to 

change own dressing for medical 
reasons (e.g., blindness, hand tremor)

3 were afraid to or not willing to 
change their own dressing

4 already used aspects of the shower 
technique

29 were happy with their current care 
and did not want to change it

2 reported that they were too busy
41 gave no reason for not wanting to 

participate   

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. HD, hemodialysis; HIPPO-ST, Hemodialysis Infection Prevention
Protocols Ontario—Shower Technique.
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threshold, >95%). Some patients were not screened due
to the logistical difficulties of research staff traveling to
the satellite units. Of the 279 patients screened, 163 were
deemed eligible to participate (Figure 1).

Feasibility Objective 3: To Determine the Percentage

of Eligible Satellite HD Patients Who Consented

Of the 163 eligible patients, 72 (44.2%) consented to
participate in this study (success threshold, >80%).
Kidney International Reports (2017) 2, 228–238
Feasibility Objective 4: To Determine the Percentage

of Patients Who Passed the HIPPO-ST Test

Of the patients randomized to HIPPO-ST, 100% (33/
33), 100% (31/31), and 88.4% (23/26) in the study at
baseline, 3, and 6 months passed the HIPPO-ST test
(success threshold, $80%). Figure 1 provides reasons
for loss to follow-up in the intervention arm. Over the
study period, 3 patients in the HIPPO-ST arm who had
suspected infection stopped using the HIPPO-ST
233



Table 3. Baseline Characteristics of Hemodialysis Infection
Prevention Protocols Ontario—Shower Technique (HIPPO-ST) pilot
study participants

Characteristic at baseline
Control
% (n)

HIPPO-ST
% (n)

Sociodemographics

Mean age (yr) 53.00 58.41

Sex

Male 58.8 (20) 64.5 (20)

Female 41.2 (14) 35.5 (11)

Ethnicity

White 63.6 (21) 61.3 (19)

Black 6.1 (2) 12.9 (4)

East Asian 18.2 (6) 12.9 (4)

South Asian 12.1 (4) 12.9 (4)

Comorbidities

Hypertension 64.7 (22) 80.6 (25)

Diabetes 55.9 (19) 61.3 (19)

Peripheral vascular disease 8.8 (3) 6.5 (2)

Coronary artery disease 32.4 (11) 38.7 (12)

Congestive heart failure 26.5 (9) 22.6 (7)

Stroke 8.8 (3) 9.7 (3)

Gastric bleeding 15.2 (5) 0.0 (0)

Chronic obstructive pulmonary disease 0.0 (0) 3.3 (1)

Malignancy 26.9 (7) 16.0 (4)

Chronic skin condition 11.8 (4) 6.5 (2)

Other conditionsa 54.5 (18) 48.4 (15)

Catheter characteristics

Mean length of follow up (catheter days) 167 172

Previous catheter use 67.9 (19) 52.2 (12)

aSome other comorbidities included psychiatric disorders, rheumatologic conditions,
gastrointestinal disorders, head injury, intracranial hemorrhage, and hematologic
conditions.

Table 4. Rates and proportions of catheter-related infection in
hemodialysis patients with healed catheter entry sites using
Hemodialysis Infection Prevention Protocols Ontario—Shower
Technique (HIPPO-ST) versus standard catheter care over 6 months
Catheter-related infection
type

HIPPO-ST
(n [ 33)

Standard Care
(n [ 35) Mean difference (95% CI)

Bacteremia

Rate/1000 catheter days 0.88 0.68 0.16 (�2.25 to 2.65)

Proportion % (SD) 12.1 (0.33) 11.4 (0.318) 0.7 (�16 to 17)

Entry site

Rate/1000 catheter days 0.88 0.68 0.16 (�2.25 to 2.65)

Proportion % (SD) 12.1 (0.33) 11.4 (0.318) 0.7 (�16 to 17)

Tunnel

Rate/1000 catheter days 0.35 0 0.35 (�0.81 to 1.51)

Proportion % (SD) 6.1 (0.24) 0 (0) 6.1 (�2.1 to 14)

Rates and proportions compared with Poisson distribution. CI, confidence interval.
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during the time that the infection was suspected;
however, they were still administered the HIPPO-ST
test and included in the descriptive statistics above,
as per intention-to-treat. All 3 patients who had a
suspected infection were given the option to resume
using the HIPPO-ST; however, all 3 patients declined
to continue using the HIPPO-ST.

Feasibility Objective 5: To Determine the Percentage

of Participants in the Control ArmWho Used Aspects

of the Intervention (HIPPO-ST)

At both the 3-month (n ¼ 32) and 6-month (n ¼ 29)
study visits, no participants in the control arm (0%)
were using any aspect of the HIPPO-ST that they were
not using at baseline (n ¼ 35), as determined by the
catheter care survey (success threshold, <5%).
Figure 1 presents reasons for loss to follow-up in the
control arm.

Catheter-Related Infection

The proportions and rates of patients with different
types of catheter-related infections are reported in
Table 4. The proportion of patients with a CRB in the
234
HIPPO-ST group was 12.1% (4/33) and in the control
group was 11.4% (4/35), with a mean difference be-
tween groups of 0.007 (95% confidence interval
[CI] ¼ �0.16 to 0.17). The rate of CRB in HIPPO-ST
group was 0.88/1000 catheter days and in the control
group was 0.68/1000 catheter days, with a mean dif-
ference between groups of 0.16 (95% CI ¼ �2.25 to
2.65). No unexpected harm using HIPPO-ST was
observed.

Patient Satisfaction With Vascular Access

The change in patient satisfaction as measured by the
Short Form Vascular Access Questionnaire (SF-VAQ)
scores45,46 are shown in Supplementary Material 2.
Mean scores for both the HIPPO-ST and the control
group indicated high levels of satisfaction with their
vascular access overall over the course of the study
(5.73 vs. 5.94, 6.24 vs. 6.25, and 5.73 vs. 6.68 at base-
line, 3 months, and 6 months, respectively). The
HIPPO-ST group had a similar improvement in SF-VAQ
scores compared with the control group over 6 months
for the item “During the past 4 weeks my vascular
access caused me problems when I was bathing or
showering” (Figure 2).
DISCUSSION

The key finding in this study is that criteria for feasi-
bility success (4/5 criterion) were met and the full
HIPPO-ST study is feasible to conduct. The results
from this pilot study’s exploratory analysis of the
primary clinical outcome (CRB rate) indicated similar
CRB rates between the intervention and control arms,
suggesting that a noninferiority design for the full
study would be appropriate. The percentage of patients
with a CRB was similar in the HIPPO-ST group (12%)
compared to the control arm (11%); the rate of CRB was
slightly higher in the HIPPO-ST Group (0.88/1000
Kidney International Reports (2017) 2, 228–238
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Figure 2. Patient-reported levels of problems associated with
vascular access when bathing or showering in hemodialysis pa-
tients with healed catheter entry sites using Hemodialysis Infection
Prevention Protocols Ontario—Shower Technique (HIPPO-ST)
versus standard catheter care over 6 months. The y-axis represents
the level of agreement with the item “During the past 4 weeks my
vascular access caused me problems when I was bathing or
showering,” which was rated by using a 7-point Likert scale from 1
(strongly disagree) to 7 (strongly agree).
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catheter days) compared to the control arm (0.68/1000
catheter days), although both were under the threshold
of an excellent CRB rate (1.0/1000 catheter days).50

In addition, analysis of a secondary clinical outcome,
SF-VAQ score, showed an improvement within the
HIPPO-ST group in terms of their satisfaction with
their catheter care relating to problems when bathing
or showering; however, satisfaction was not a rela-
tively greater improvement than the control group
condition. We found that compliance with the catheter
care protocol was high, and contamination of patients
in the control arm (i.e., using aspects of the HIPPO-ST)
was not detected. The results of the HIPPO-ST pilot
study indicate that on HIPPO-ST, patients are satisfied
and compliant with the HIPPO-ST, which was designed
specifically to meet their needs and minimize infection
risk.27

Our findings are consistent with other studies of HD
catheter care with a shower component.51,52 Both of
these previous studies used a “no-dressing” shower
technique in which the patients shower freely and do
not have a dressing placed over the catheter entry site
as part of their catheter care.51,52 However, the HIPPO-
ST in the current study differs in that patients were
trained, using the HIPPO-ST tools, on how to correctly
cleanse the entry site and apply a dressing following a
shower up to 3 times per week. Although these studies
are not directly comparable, the investigators have
consistently found that a patient showering with
an HD catheter in situ did not demonstrate an in-
crease in infection risk, and patients’ quality of life
was improved by not restricting their ability to
shower.51–53
Kidney International Reports (2017) 2, 228–238
Another unique difference is that both prior
studies did not test catheter entry site healing before
introducing a shower component into catheter care,
but instead used various time thresholds from the
time of catheter insertion to determine shower tech-
nique eligibility.51,52 The use of the catheter entry site
healing tests prior to randomization are a critical
feature of the HIPPO-ST design. For unhealed
catheter entry sites, there may be a potential increased
risk of infection using any shower technique,
including HIPPO-ST, by extraluminal exposure to
microorganisms compared with standard catheter care
due to the higher number of risk exposures from
showering with or without dressing changes con-
ducted by patients. As 4 patients failed to meet entry
site healing randomization criteria despite using a
catheter for >6 weeks, our results suggest that
duration of catheter use itself is not a reliable factor to
ensure entry site healing.

A prior study in HD patients dialyzing via catheters
demonstrated that patients were 3.8 times more likely
to be compliant with their catheter care protocol (i.e.,
not to shower with a catheter in situ) if they recalled a
health care provider educating them not to, compared
with having no such recollection (95% CI ¼ 1.2�4.5).24

This is consistent with the high compliance with the
catheter care protocol found in our study after patient
education and regular reinforcement of proper catheter
dressing care and infection prevention.

From both clinical and research perspectives, it is
critical to understand the infection rates and patient
satisfaction associated with the HIPPO-ST in HD pa-
tients with healed catheter entry sites as a prophylactic
strategy. The Centers for Disease Control and Preven-
tion (CDC) guidelines state that the optimal method of
catheter infection prophylaxis in patients with healed
entry sites is an unresolved issue.54 This is reflected in
a Canadian survey of 68 dialysis centers across Canada
in which practice was found to be very inconsistent
surrounding the recommendations made to patients for
personal hygiene: 75% of centers recommended that
patients clean themselves by bathing (nonsubmerged)
or sponge bath, 38% recommended showering, and
5% made no recommendation at all (categories non�
mutually exclusive).55 Therefore, HD patients across
Canada receive conflicting, inconsistent, or no recom-
mendations about personal hygiene care techniques
and whether or not they should preserve the dryness of
their dressings to prevent catheter-related infection.

Lessons Learned About How to Design the

Main Trial

Given the burden of catheter-related infection and the
reduced quality of life of patients from restricting
235
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their ability to shower, the study question of whether
the CRB rate for HD using HIPPO-ST is noninferior to
that of patients using standard catheter care remains
a pressing issue that the full HIPPO-ST trial will
ultimately address. Although the outcome of the CRB
rate addresses the morbidity and mortality associated
with the intervention being studied, we submit that
equally important is patients’ satisfaction with their
vascular access and its care. Thus, the full potential
benefit of the HIPPO-ST is best captured by including
the SF-VAQ. This insight will be helpful in designing
the full HIPPO-ST study, in which both hard and
surrogate, clinical and patient-focused outcomes will
be crucial to fully understanding the impact of the
HIPPO-ST.45 When designing the full HIPPO-ST trial
we will not aim to show a large difference in a single
outcome; rather, we will be evaluating several
dimensions of the patient experience to incrementally
improve care. In addition, we originally planned to
conduct the pilot study only in satellite units due to
the perception that the satellite population may be
more eligible (i.e., tend to be younger and have fewer
co-morbidities) than in-center patients. However, this
was not so, and recruitment rates were similar in
both satellite and in-center units. Therefore, in the
full trial, in-center units should be considered for
inclusion.

Study Limitations

There are several limitations to this study. First, this
study was a pilot study, and any examination of clin-
ical outcomes is only exploratory. The full HIPPO-ST
trial is needed to answer these clinical questions. In
addition, there are no fully validated vascular
access�specific questionnaires, including the SF-VAQ;
however the full HIPPO-ST may provide an opportu-
nity for construct validation of this measure.56,57

Moreover this study may be limited by selection bias,
as many eligible patients declined to participate.
Although we collected data on their reasons for
declining to participate (Figure 1), constraints placed
by the study REB prohibited collection of any addi-
tional sociodemographics or clinical data on these
patients. Therefore we cannot examine whether these
patients were systematically different from those who
decided to participate. It is possible that patients at
highest risk for infection, for example, were self-
selecting out of participating in the trial. Recruitment
is challenging when conducting any clinical research
study but is particularly difficult in RCTs. Indeed, we
failed to meet our feasibility criteria on recruitment,
despite using multiple strategies to facilitate recruit-
ment, including identification of a nurse leader (such as
a vascular access coordinator at each center), extensive
236
in-servicing with all unit nurses, and expanding
recruitment into some in-center units (as we originally
planned to recruit only in satellites). However, the
availability of the pilot study data to patients may help
alleviate patient concerns, and facilitate recruitment in
the future full HIPPO-ST study.
Conclusion

Overall, we found that the full HIPPO-ST study is
feasible to conduct, with a high level of compliance
with the HIPPO-ST, and low levels of contamination in
the control arm. The conduct of the full HIPPO-ST
study will address the current paucity of evidence
surrounding showering aspects of catheter care allow-
ing patients, HD personnel, and nephrologists to make
informed choices about HD catheter care.
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