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Strengths and limitations of this study

 ► First study examining learning styles in both home 
haemodialysis and peritoneal dialysis patients.

 ► Visual learning may have a lower adverse event risk 
in the first 6 months of training completion.

 ► Highlights that differences in learning styles exist 
between home dialysis patients.

 ► Visual, Aural, Reading- writing and Kinesthetic has 
not yet been validated in home dialysis patients.

 ► Small single- centre observational study.

AbStrACt
Objectives Home haemodialysis (HD) and peritoneal 
dialysis (PD) have seen growth in utilisation around the 
globe over the last few years. However, home dialysis, 
with its attendant technical complexity and risk of adverse 
events continues to pose challenges for wider adoption. 
We examined whether differences in patients’ learning 
styles are associated with differing risk of adverse events 
in both home HD and PD patients.
Design Retrospective cohort study.
Setting Tertiary care hospital in Toronto, Ontario, Canada.
Participants One hundred and eighteen prevalent adult 
(≥18 years) home dialysis patients (40 PD and 78 home 
HD) were enrolled. Patients on home dialysis for less than 
6 months or receiving home nursing assistance for dialysis 
were excluded from the study.
Interventions Enrolled patients completed (VARK) Visual, 
Aural, Reading- writing and Kinesthetic questionnaires to 
determine learning styles.
Primary and secondary outcome measures Home HD 
and PD adverse events were identified within 6 months of 
completing home dialysis training. Event rates were then 
stratified and compared according to learning styles.
results Thirty patients had a total of 53 adverse events. 
We used logistic regression analysis to determine 
unadjusted and adjusted ORs for a single adverse event. 
Non- visual learners were 4.35 times more likely to have an 
adverse event (p=0.001). After adjusting for age, gender, 
dialysis modality, training duration, dialysis vintage, prior 
renal replacement therapy, visual impairment, education 
and literacy, an adverse event was still four times more 
likely among non- visual learners compared to visual 
learners (p=0.008). A subgroup analysis of home HD 
patients showed adverse events were more likely among 
non- visual learners (OR 11.1; p=0.003), whereas PD 
patients showed a trend for more adverse events in non- 
visual learners (OR: 1.60; p=0.694).
Conclusions Different learning styles in home dialysis 
patients exist. Visual learning styles are associated with 
fewer adverse events in home dialysis patients within the 
first 6 months of completing training. Individualisation of 
home dialysis training by learning style is warranted.

IntrODuCtIOn
Global trends have seen an increased uptake 
in both home haemodialysis (HD) and peri-
toneal dialysis (PD) over the last several 
decades. This increase in utilisation has been 
partly driven by priorities that focus on better 
clinical outcomes while reducing healthcare- 
related cost and improving patient quality of 
life.1–5 Home HD improves blood pressure 
control, reduces left ventricular hypertrophy 
and enhances middle molecular clearance 
by augmenting the frequency and dura-
tion of HD6–8 Similarly, PD offers additional 
benefits to patients including slower decline 
in residual renal function, effective small 
solute clearance and avoidance of bleeding 
and other vascular access related complica-
tions.9–11 However, the technical complexity 
of home dialysis and associated adverse event 
risk pose significant threats to the continued 
growth and sustainability of home dialysis.

Adverse events can be due to a variety of 
reasons including patient, technological or 
system related factors. However, recent obser-
vational data has shown that the majority of 
adverse events among home dialysis patients 
are due to patient- related errors.12 13 Patients 
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Figure 1 Consort diagram showing patient selection for the 
study. HHD, home haemodialysis; PD, peritoneal dialysis; 
VARK, Visual, Aural, Reading- writing and Kinesthetic.

also have diverse backgrounds with varying levels of 
education and preferred learning styles. Additionally, 
recent published data have demonstrated patients with 
advanced kidney disease may have challenges in under-
standing learning material and practitioners should 
tailor education according to the needs of the patients.14 
Learning style refers to the preference and effectiveness 
of the mode of instruction for each individual.15–17 There-
fore, accommodating to individual learning styles may 
impact on long- term retention of knowledge, which may 
in turn reduce adverse events.

The VARK questionnaire is a validated tool used in 
assessing preferred learning styles developed by educator 
Neil Fleming in 1987.18 VARK represents four styles of 
learning: visual (V), aural (A), reading- writing (R) and 
kinesthetic (K). Learning styles can be categorised as: 
unimodal, bimodal or multimodal. VARK allows for indi-
vidualisation of instruction and may ultimately improve 
the educational experience of learners.16 18 19 Current 
home dialysis training methods are not individualised 
according to learning style.

Over the last decade, expert opinions in home dialysis 
have encouraged programme to individualise training 
according to learning styles.20–22 However, there is limited 
literature examining the relationship between learning 
styles and patient outcomes. In this study, we examine the 
learning styles of prevalent home dialysis (home HD and 
PD) patients and their adverse event risk within 6 months 

of training completion stratified according to learning 
style. We hypothesised that differences in patients’ 
learning styles are associated with differing risk of adverse 
events in both home HD and PD patients.

MethODS
Study population and home dialysis training
Recruitment took place between 1 March 2016 and 31 
January 2019. Our study cohort consisted of prevalent 
adult patients (≥18 years) who completed home dial-
ysis training at the University Health Network, Toronto 
General Hospital (Toronto, Ontario, Canada). Patients 
were eligible for study inclusion if they were proficient in 
English, performing dialysis independently and were on 
home HD (4–6 treatments per week, 8 hours per session) 
or PD (continuous ambulatory PD or automated PD) for 
at least 6 months. Patients were not selected for this study 
based on literacy (although these data were collected). 
Instead all prevalent patients deemed suitable and safe to 
dialyse independently at home were deemed eligible for 
inclusion. We attempted to reduce any bias effect in our 
study by excluding patients receiving nursing assistance 
in the home for dialysis (figure 1). Patients who were 
blind or deaf were also excluded, as these impairments 
ruled out visual or auditory learning styles, respectively.

All patients were assessed by an interprofessional 
healthcare team to determine suitability for home dialysis. 
Patients pursuing home HD received training for a period 
of 8–12 weeks with 1:1 nursing care. They were provided 
with standardised training manuals, instructional videos 
along with hands- on teaching from the nurses. The 
training manuals and instructional videos covered basic 
dialysis concepts, focusing on troubleshooting problems 
related to vascular access and other complications. After 
training completion, home HD patients completed three 
written exams with a primary focus on issues related 
to access and complications. In order to successfully 
complete training, home HD patients required a score 
of at least 90%. Of note, we accept patients with central 
venous catheters (CVCs) to our home HD programme. 
They are carefully trained to independently care for 
their catheter, occasionally with the use of a mirror. We 
endeavour to transition all patients to arteriovenous 
fistula or graft access in time and re- train them in cannu-
lation when their new access is mature.

On the other hand, PD patients received training over 
a period of 1–2 weeks with 1:1 nursing care; receiving a 
standardised patient manual with hands- on teaching with 
the option of receiving additional instructional videos. 
Our PD patients did not have examinations at the end of 
training to certify competency.

Data collection, measurements and definitions
We received patient consent to review electronic medical 
records before questionnaire completion, and to collect 
demographic and clinical data (age, level of educa-
tion, cause of end- stage renal disease, dialysis vintage, 
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duration of training and complications on dialysis) for 
enrolled patients. At enrolment, patients were asked to 
complete the Rapid Estimate of Adult Literacy in Medi-
cine (REALM) assessment to determine health literacy 
as well as the16- multiple choice VARK questionnaire 
(version 7.8). We used the VARK scoring system to deter-
mine learning styles based on questionnaire responses. If 
a patient exhibited a single learning style (unimodal) this 
was labelled accordingly (V, A, R or K). If a patient demon-
strated preference for two learning styles (bimodal) or 
more than two learning styles (multimodal), the label 
reflected the combination of preferred styles (VA, VR, VK, 
AR, AK, RK, VAR, VAK, ARK, VRK, VARK). Any patient 
demonstrating a visual learning style (V alone or in any 
combination) was considered a visual learner.

The primary outcome of the study was adverse events 
that were related to, or potentially related to, patient 
technique in performing dialysis or access self- care. We 
reviewed patient charts to identify adverse events for both 
home HD and PD patients occurring within 6 months 
of training completion. Adverse events during this time 
period may be more closely associated with training 
and learning styles than those events happening more 
remotely from the training period.

Home HD adverse events were defined as any arteriove-
nous fistula or graft needle dislodgement, access- related 
thrombosis, air embolism and catheter- related complica-
tions. Catheter related complications included catheter 
damage caused by patient, catheter- related bloodstream 
infections (CRBSIs), exit site infections and tunnel infec-
tions. CRBSIs were defined as a positive blood culture 
with clinical signs of an infection and no other source 
for infection apart from the catheter. CVC exit site infec-
tion was defined as the presence of tenderness and/or 
erythema occurring within 2 cm of the exit site along with 
purulent discharge. CVC tunnel site infection was defined 
as the same as an exit site infection but extending beyond 
2 cm from the exit site. PD adverse events were PD perito-
nitis, wet contamination and PD catheter exit/tunnel site 
infections. PD catheter exit site infection was defined as 
the presence of either tenderness or erythema at the exit 
site along with purulent discharge. Wet contamination 
was defined as accidental disconnection during dialysis or 
if the twist clamp on the transfer set was left open. Prior 
adverse events while on other modalities of dialysis were 
not considered.

Statistical analysis
All continuous data variables are presented as means with 
SD, whereas categorical data are presented as absolute 
values and percentages within groups. Statistical tests 
comparing categorical variables was done by χ2 test and 
the Kruskal- Wallis to compare continuous variables. We 
used logistic regression to compare learning styles and 
adverse events. Unadjusted and adjusted OR comparing 
rates of adverse events between learning style groups were 
performed. All statistical analyses were completed using 
SPSS statistical software V.25 (IBM).

Patient and public involvement
This study was designed without patient involvement. 
Patients were not invited to comment on the study 
design and were not consulted to develop patient rele-
vant outcomes or interpret the results. Patients were not 
invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

reSultS
baseline characteristics
One hundred and eighteen prevalent home dial-
ysis patients were included in the study with 78 home 
HD patients and 40 PD patients. The average age was 
52.02±13.51 years with a fairly even distribution among 
gender, 60 males, 58 females for all home dialysis patients 
(table 1). PD patients were older with an average of 
56.33±15.21 years compared to home HD patients, 
49.81±12.08 years (table 1). The average vintage for 
all home dialysis patients was 4.03±7.25 years; however, 
subgroup analysis revealed that home HD patients 
had longer vintage (4.90±7.48 years) than PD patients 
(2.33±6.54 years). As training approaches remained 
similar over these time periods, we did not expect a signif-
icant era effect. Thirty- one (77.5%) PD patients had no 
prior renal replacement therapy (RRT).

Diabetes, hypertension, IgA nephropathy and FSGS 
were the leading causes of end- stage renal disease in 
our study population, accounting for nearly 50% of all 
cases. In terms of education, only three patients did not 
achieve a level of high school level education or higher. 
Five patients had poor health literacy based on REALM 
scores (table 1).

We observed variations in composite learning styles 
among all patients. Both unimodal and bimodal styles 
had 17 patients each, whereas a total of 84 patients had 
multimodal learning styles. The majority of patients 
displayed multimodal learning preferences with a combi-
nation of at least three composite learning styles, VAR, 
VAK, VRK, ARK or VARK (figure 2). No patients were 
found to be unimodal A; meaning that no patient had an 
auditory learning style not associated with other learning 
styles. Visual learning style was the most predominant 
with more than 60% of patients having a visual compo-
nent within their composite learning style. There were 
no significant differences nor trend in adverse event rates 
observed within the auditory, reading- writing and kines-
thetic learning style domains for all patients.

Adverse events
Thirty patients had a total of 53 adverse events during the 
study. Non- visual learners had an event rate of 33 per 100 
patient- years, whereas, visual learners had 19 events per 
100 patient- years. Among all home dialysis patients, non- 
visual learners were 4.35 times more likely to have a single 
adverse event within 6 months of completing their training 
compared with visual learners (p=0.001) (table 2). After 
adjusting for age, gender, dialysis modality, training 
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Table 1 Home dialysis patient demographics

Home dialysis patients
n=118

Home HD patients
n=78

PD patients
n=40

Age, years, mean±SD 52.02±13.51 49.81±12.08 56.33±15.21

Gender
Female, n (%)

  58 (49.2)   38 (48.7)   20 (50)

Dialysis vintage
Years, mean±SD

  4.03±7.25   4.90±7.48   2.33±6.54

Duration of training
Weeks, mean±SD

  6.35±5.35   8.71±5.15   1.75±0.80

Cause of End- stage renal disease, n (%)

  Cardiorenal syndrome 2 (1.7) 1 (1.3) 1 (2.5)

  Calcineurin Inhibitor, toxicity 2 (1.7) 1 (1.3) 1 (2.5)

  Cystinuria 2 (1.7) 1 (1.3) 1 (2.5)

  Diabetes 16 (13.6) 9 (11.5) 7 (17.5)

  Focal Segmental Glomerulosclerosis 12 (10.2) 8 (10.3) 4 (10)

  Henoch- Schonlein purpura 2 (1.7) 2 (2.6) –

  Hypertension 12 (10.2) 5 (6.4) 7 (17.5)

  Hypoplastic kidneys 2 (1.7) 2 (2.6) –

  IgA nephropathy 13 (11) 9 (11.5) 4 (10)

  Lupus nephritis 8 (6.8) 5 (6.4) 3 (7.5)

  Membranoproliferative glomerulonephritis 6 (5.1) 5 (6.4) 1 (2.5)

  Polycystic kidney disease 7 (5.9) 6 (7.7) 1 (2.5)

  Reflux nephropathy 5 (4.2) 5 (6.4) –

  Renal vasculitis 6 (5.1) 5 (6.4) 1 (2.5)

  Thrombotic microangiopathy 2 (1.7) 1 (1.3) 1 (2.5)

  Unknown 8 (6.8) 6 (7.7) 2 (5.0)

  Other* 13 (11) 7 (8.9) 6 (15)

Prior RRT, n (%)

  None 42 (35.6) 11 (14.1) 31 (77.5)

  In- centre intermittent HD 50 (42.4) 42 (53.8) 8 (20)

  PD 9 (7.6) 9 (11.5) –

  Renal transplant 17 (14.4) 16 (20.5) 1 (2.5)

Highest level of education, n (%)

  Elementary school 3 (2.5) 2 (2.6) 1 (2.5)

  High school 20 (16.9) 11 (14.1) 9 (22.5)

  College 40 (33.9) 21 (26.9) 19 (47.5)

  University 55 (46.6) 44 (56.4) 11 (27.5)

REALM health literacy, n (%)

  Poor 5 (4.2) 5 (6.4) –

  Good 113 (95.8) 73 (93.6) 40 (100)

Learning modality, n (%)

  Unimodal 17 (14.4) 14 (17.9) 3 (7.5)

  Bimodal 17 (14.4) 13 (16.7) 4 (10)

  Multimodal 84 (71.2) 51 (65.4) 33 (82.5)

HD, haemodialysis; PD, peritoneal dialysis; REALM, Rapid Estimate of Adult Literacy in Medicine; RRT, renal replacement therapy.
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Figure 2 Learning style differences among peritoneal 
dialysis and home haemodialysis patients. VARK, Visual, 
Aural, Reading- writing and Kinesthetic.

duration, dialysis vintage, prior RRT, visual impairment, 
level of education and REALM literacy, an adverse event 
was four times more likely to occur among non- visual 
learners compared with visual learners (p=0.008). In the 
subgroup analysis, home HD patients had a statistically 
significant higher likelihood of an adverse event among 
non- visual learners before (OR: 9.63; p=0.001) and after 
adjustment (OR 11.1; p=0.003). On the other hand, 
a subgroup analysis of PD patients revealed a trend for 
more adverse events in visual compared with non- visual 
learners (OR: 1.60; p=0.694) (table 2). There were no 
deaths during the study period.

The most common adverse event among home HD 
patients were CVC exit site infections. There were 17 
exit site infections occurring at a rate of 133 events per 
100 patient- years (table 3). More than 50% of all exit site 
infections were attributed to coagulase negative staphylo-
coccal and Staphylococcus aureus organisms. S. aureus was 
the most common cause of CVC related bacteraemia in 
patients.

Wet contaminations were the most common event 
among PD patients with 11 reported episodes, occurring 
at 56 events per 100 patient- years. Two episodes of PD 
peritonitis were documented for an event rate of 10 per 
100 patient- years (table 3). The organisms causing perito-
nitis were Enterobacter cloacae and Enterococcus durans.

DISCuSSIOn
To our knowledge, this is the first study to evaluate the 
association between patient outcomes and learning styles 
in both PD and home HD patients. Our findings demon-
strate that differences in learning styles for both home HD 
and PD patients exist. Furthermore, home dialysis patients 
with visual learning styles may be at risk for fewer adverse 
events within the first 6 months of training completion. 
Adverse events may be more prevalent if instructional 
methods of home dialysis training and patient learning 
styles are discordant. Therefore, individualisation of 

training according to learning styles is essential to limit 
risk among incident home dialysis patients.

In individualising teaching methods, administrators 
and healthcare professionals must become familiar 
with strengths and weakness of various learning styles. 
Attempts to individualise training methods without truly 
understanding the differences in learning styles may 
complicate training process for both patients and health-
care practitioners, potentially leading to greater harm. 
For example, visual learners have strong preferences 
for algorithms, diagrams, charts, graphs and flow charts. 
Auditory learners usually excel in situations where infor-
mation is heard or spoken.18 19 These learners thrive in 
group discussions, lectures, verbal troubleshooting and 
have a tendency for talking out aloud and to themselves. 
Reading- writing learners have a penchant for using 
manuals, reports and use internet search engines for 
knowledge acquisition. Lastly, kinesthetic learners rely 
on demonstrations, past experiences, simulations and 
videos.18 19 Our current instructional methods for both 
home HD and PD favour visual, reading and kinesthetic 
learners through the provision of video clips, reading 
material and hands- on teaching.

Our study showed that home HD patients who were 
non- visual learners had a significant increased likeli-
hood of having a single adverse event compared to visual 
learners. This confirms findings in previously published 
data demonstrating an increased risk of adverse events 
among non- visual learners on home HD.23 We observed 
a trend towards more adverse events, specifically, wet 
contamination episodes among PD patients but this 
lacked statistical significance. Additionally, episodes of wet 
contaminations and peritonitis are infrequent relative to 
CVC related complications such as exit site infections and 
bacteraemia. Most importantly, this highlights differences 
in training between the two modalities; simply put, home 
HD is more complex and carries a greater risk of having 
an adverse event. This adverse event risk is further ampli-
fied among non- visual learners, as we did not find any 
significant risk attributable to auditory, reading- writing 
nor kinesthetic learning styles for both PD and home HD 
patients.

Currently, there is limited evidence on the ideal 
content structure and duration of training for home dial-
ysis patients. In our study, all patients completed training 
successfully implying that learning styles may not have 
an impact on knowledge acquisition. Rather, the long- 
term retention of knowledge and subsequent recall of 
information may be affected if learning styles have not 
been accounted for, possibly explaining why some of 
our patients with non- visual learning styles were initially 
successful with their training yet had an increased risk for 
adverse events within 6 months of training completion.

The event rate reported in our study for home HD 
patients is higher than that published in previous 
studies.12 24 Published data on home HD patient adverse 
events have focused on mainly serious adverse events; 
primarily hospitalisations and other life- threatening 



6 Auguste BL, et al. BMJ Open 2020;10:e033315. doi:10.1136/bmjopen-2019-033315

Open access 

Ta
b

le
 2

 
A

d
ve

rs
e 

ev
en

t 
lik

el
ih

oo
d

 fo
r 

ho
m

e 
d

ia
ly

si
s 

p
at

ie
nt

s 
st

ra
tifi

ed
 a

cc
or

d
in

g 
vi

su
al

 le
ar

ni
ng

 s
ty

le

N
um

b
er

 o
f 

p
at

ie
nt

s,
n 

(%
)

A
g

e 
(y

ea
rs

), 
m

ea
n±

S
D

W
ee

ks
 o

f 
tr

ai
ni

ng
, 

m
ea

n±
S

D

P
at

ie
nt

s 
w

it
h 

an
 

ad
ve

rs
e 

ev
en

t

N
um

b
er

 
o

f 
ad

ve
rs

e 
ev

en
ts

A
d

ve
rs

e 
ev

en
t 

ra
te

(p
er

 1
00

 
p

at
ie

nt
- y

ea
rs

)†
U

na
d

ju
st

ed
O

R
*

A
d

ju
st

ed
 O

R
*‡

Le
ar

ni
ng

 
st

yl
e

A
ll

ho
m

e
d

ia
ly

si
s 

p
at

ie
nt

s

N
on

- v
is

ua
l l

ea
rn

er
s

(A
R

K
, A

R
, A

K
, K

, R
, 

R
K

)

44
 (3

7.
3)

55
.5

±
14

.5
6.

6±
5.

1
19

35
33

V
is

ua
l l

ea
rn

er
s

(V
A

R
K

, V
A

R
, V

A
K

, 
V

R
K

, V
K

, V
R

, V
)

74
 (6

2.
7)

50
.0

±
12

.6
6.

2±
5.

5
11

18
19

4.
35

 (1
.8

2–
10

.4
4)

p
=

0.
00

1
4.

04
 (1

.4
1–

11
.5

4)
p

=
0.

01

H
H

D
p

at
ie

nt
s

N
on

- v
is

ua
l l

ea
rn

er
s

(A
R

K
, A

R
, A

K
, K

, R
, 

R
K

)

30 (3
8.

5)
52

.5
±

13
.5

8.
9±

4.
7

14
29

36

V
is

ua
l l

ea
rn

er
s

(V
A

R
K

, V
A

R
, V

A
K

, 
V

R
K

, V
K

, V
R

, V
)

48 (6
1.

5)
48

.2
±

10
.9

8.
6±

6.
8

4
10

10
9.

63
 (2

.7
6–

33
.5

9)
p

=
0.

00
1

11
.1

 (2
.3

2–
53

.2
1)

p
=

0.
00

3

P
D

 
p

at
ie

nt
s

N
on

- v
is

ua
l l

ea
rn

er
s

(A
R

K
, A

R
, A

K
, K

, R
, 

R
K

)

14 (3
5)

61
.9

±
14

.7
1.

6±
0.

5
5

6
25

V
is

ua
l l

ea
rn

er
s

(V
A

R
K

, V
A

R
, V

A
K

, 
V

R
K

, V
K

, V
R

, V
)

26 (6
5)

53
.3

±
14

.9
1.

7±
0.

9
7

8
35

1.
51

 (0
.3

7–
6.

09
)

p
=

0.
56

4
1.

60
 (0

.1
6–

16
.4

4)
p

=
0.

69
4

P
 v

al
ue

 <
0.

05
: s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

.
*A

d
ve

rs
e 

ev
en

ts
 in

cl
ud

ed
: P

D
 e

xi
t 

si
te

 in
fe

ct
io

ns
, P

D
 p

er
ito

ni
tis

, w
et

 c
on

ta
m

in
at

io
n 

ep
is

od
es

, C
V

C
 e

xi
t 

si
te

 a
nd

 t
un

ne
l i

nf
ec

tio
ns

, C
V

C
 d

am
ag

e 
b

y 
p

at
ie

nt
, a

cc
es

s 
re

la
te

d
 b

ac
te

ra
em

ia
, l

oc
al

 
in

fe
ct

io
ns

 a
t 

ca
nn

ul
at

io
n 

si
te

, n
ee

d
le

 d
is

lo
d

ge
m

en
t.

†O
R

 c
om

p
ar

in
g 

th
e 

lik
el

ih
oo

d
 o

f a
 s

in
gl

e 
ad

ve
rs

e 
ev

en
t 

fo
r 

an
y 

p
at

ie
nt

. R
ef

er
en

ce
 g

ro
up

s 
fo

r 
O

R
 a

re
 v

is
ua

l l
ea

rn
er

s.
‡A

d
ju

st
ed

 fo
r 

ag
e,

 g
en

d
er

, d
ia

ly
si

s 
m

od
al

ity
, d

ur
at

io
n 

of
 t

ra
in

in
g 

(in
 w

ee
ks

), 
d

ia
ly

si
s 

vi
nt

ag
e,

 p
rio

r 
re

na
l r

ep
la

ce
m

en
t 

th
er

ap
y,

 v
is

ua
l i

m
p

ai
rm

en
t,

 le
ve

l o
f e

d
uc

at
io

n 
an

d
 R

E
A

LM
 li

te
ra

cy
.

A
, a

ud
ito

ry
; C

V
C

, c
en

tr
al

 v
en

ou
s 

ca
th

et
er

; H
H

D
, h

om
e 

ha
em

od
ia

ly
si

s;
 K

, k
in

es
th

et
ic

; P
D

, p
er

ito
ne

al
 d

ia
ly

si
s;

 P
D

, p
er

ito
ne

al
 d

ia
ly

si
s;

 R
, r

ea
d

in
g;

 R
E

A
LM

, R
ap

id
 E

st
im

at
e 

of
 A

d
ul

t 
Li

te
ra

cy
 in

 
M

ed
ic

in
e;

 V
, v

is
ua

l.



7Auguste BL, et al. BMJ Open 2020;10:e033315. doi:10.1136/bmjopen-2019-033315

Open access

Table 3 Types of adverse events for home dialysis patients

Home dialysis adverse events within 6 months of training 
completion

Number of 
events

Event rate
(per 100 patient- 
years)

HHD adverse events

Button hole site infection 2 10

CVC- related bacteraemia 11 86

CVC damaged 1 8

CVC exit site 17 133

CVC tunnel line infection 4 31

Graft Infection 2 34

Needle dislodgement 2 7

PD adverse events

Peritonitis 2 10

Exit site infections 1 5

Wet contamination 11 56

*Event rate for HHD and PD patients at risk; all 40 PD patients 
were at risk for PD adverse events; 40 HHD patients were at risk 
for button hole site infections; 26 HHD patients were at risk for 
CVC related bacteraemia, damage to CVC, CVC exit site and 
tunnelled infection; 12 HHD patients were at risk for graft infections 
and 52 were at risk for needle dislodgement during dialysis 
therapy.
CVC, central venous catheter; HHD, home haemodialysis; PD, 
peritoneal dialysis.

events.12 However, CRBSIs may develop from unrec-
ognised exit- site and tunnel infections. Furthermore, 
CRBSIs are associated with increased morbidity, hospital-
isation and death.25–27 Therefore, in our study, we classi-
fied all exit site infections and tunnel line infections as 
adverse events given that they are commonly attributed 
to poor dressing care along with a breakdown in aseptic 
technique.27–29 Capturing exit- site and tunnel infec-
tions likely accounts for the higher adverse event rate 
that we noted in our study for HHD patients compared 
to what has been previously reported. The stepwise and 
algorithmic process described in our current home HD 
instructional manual in caring for exit sites may also 
favour visual learning, possibly explaining the higher 
rates observed among non- visual learners.

Peritonitis is a major complication in PD patients and is 
associated with an increased risk of technique failure and 
in some cases death.30–32 The 2016 ISPD (International 
Society for Peritoneal Dialysis) peritonitis recommenda-
tions stated that centres should aim to have a rate of  ≤ 0.5 
episodes/patient- year.33 Additionally, the risk of perito-
nitis is increased when wet contamination episodes occur 
without antibiotic prophylaxis.13 Although we routinely 
give antibiotic prophylaxis for wet contamination events, 
we classified them as adverse events to identify patients 
at risk given that our local peritonitis rates are exceed-
ingly low (<0.2 episodes/patient- year). The low rates of 

both wet contamination and peritonitis events may also 
be attributable to intrinsic simplicity in performing PD; 
basically, fewer steps compared to home HD to commit 
errors in aseptic technique and practices.

Rates of adverse events relative to learning style may 
differ across various home HD and PD programmes 
depending on the instructional method that is used. For 
instance, a programme that has more effective instruc-
tional tools in catering for non- visual learners may see 
less rates of adverse events compared to our findings. The 
development of diverse instructional methods catering 
for all learning style may improve knowledge retention 
and reduce adverse event risk. Furthermore, a multi-
sensory approach to the educational process for home 
dialysis patients may be a viable alternative where individ-
ualisation of instruction is not feasible.34

Although our study is novel in examining learning 
styles of both home HD and PD patients, there were some 
important limitations that must be highlighted. First, this 
was a small single- centre observational study which was 
not powered to detect other important measurements 
such as mortality risk between different learning styles. 
Additionally, the small number of PD patients and PD- spe-
cific adverse events relative to home HD within our study 
may have also been underpowered to detect differences 
in adverse event rate. The true incidence of wet contam-
ination rates may have also been underestimated as it is 
dependent on patient notification. For example, patients 
may have taken wet contamination antibiotic prophylaxis 
after an event without informing our PD programme, 
reducing documented event rate. Additionally, although 
VARK has been validated in general populations it has 
not yet been validated in home HD and PD patients.35 
Lastly, VARK looks at one aspect of learning and does not 
factor in personality, motivation, native environments nor 
introversion- extraversion traits.18 19 These other factors 
also play important roles in knowledge acquisition and 
retention.

COnCluSIOnS
In using VARK as a tool, our study has demonstrated that 
learning style differences exist in both PD and home HD 
patients. As home dialysis continues to grow, patients are 
given more responsibility in performing dialysis in the 
home. Therefore, it is important in ensuring that knowl-
edge is delivered in a manner that is congruent with 
learning styles of patients. Future quality assurance initia-
tives aimed at improving training processes for home 
dialysis patients could use VARK questionnaires or similar 
tools to identify patient learning styles at the beginning 
of training. Training can be individualised according to 
the patient’s learning style and may also highlight areas 
of deficiency in instructional methods, paving the way for 
innovative curriculum changes in home dialysis training.

twitter Bourne Lewis Auguste @bourneauguste

https://twitter.com/bourneauguste
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