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ABSTRACT
Background Gaps in identification, medical management 
and appropriate referral for patients with chronic kidney 
disease (CKD) are evident.
Objective We designed and implemented an interactive 
educational intervention (accredited workshop) to improve 
primary care providers’ awareness of tools to support 
guideline- concordant CKD management.
Design We used the Kern method to design the 
educational intervention and targeted the accredited 
workshops to primary care team members (physicians, 
nurses and allied health) in Alberta, Canada. We conducted 
anonymous pre- workshop and post- workshop surveys 
to identify practice- specific barriers to care, identify 
potential solutions, and evaluate provider confidence 
pre- intervention and post- intervention. We used non- 
parametric statistics to analyse Likert- type survey data 
and descriptive content analysis to categorise responses to 
open- ended survey questions.
Results We delivered 12 workshops to 114 providers 
from September 2017 through March 2019. Significant 
improvements (p<0.001) in confidence to appropriately 
identify, manage and refer patients with CKD were 
observed. Participants identified several patient- level, 
provider- level, and system- level barriers and potential 
solutions to care for patients with CKD; the majority of 
these barriers were addressed in the interactive workshop.
Conclusions The Kern model was an effective 
methodology to design and implement an educational 
intervention to improve providers’ confidence in managing 
patients with CKD in primary care. Future research is 
needed to determine if these perceived knowledge and 
confidence improvements affect patient outcomes and 
whether improvements are sustained long term.

INTRODUCTION
Chronic kidney disease (CKD) affects approx-
imately 11% of adults in Canada and is asso-
ciated with adverse clinical outcomes, poor 
quality of life and high healthcare costs.1 The 
majority (>90%) of patients with CKD are 
managed by primary care providers (PCPs) in 
the community.2 Despite therapies proven to 
reduce the adverse consequences associated 

with CKD, significant gaps in delivering 
optimal care still exist.3 For instance, litera-
ture would suggest that ~50% of older adults 
with CKD are not on guideline- recommended 
cardioprotective medications, and only 20% 
who meet the criteria to see a nephrologist 
are referred.4 Moreover, less than 20% of 
patients in Canada received a urine albumin–
creatinine test within the recommended time 
frame following CKD diagnosis.5 PCPs have 
identified several barriers to optimal care 
delivery for patients with CKD, including 
limited awareness regarding referral criteria 
for specialist care, absence of readily available 
guidelines at point of care and uncertainty 
about when to test for proteinuria (a key 
prognostic marker for kidney and cardiovas-
cular risk).6

In an effort to improve care for patients with 
CKD in Alberta, Canada, several resources 
were developed and tailored for PCPs to 
facilitate guideline- concordant care for this 
patient group, with the aim of improving early 
identification and appropriate management 
as well as timely referral to specialists when 
indicated. These tools include an online clin-
ical pathway for CKD (www.ckdpathway.ca), 
a provincial electronic specialist referral and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Broad geographical participation, with a focus on 
rural regions.

 ⇒ Use of the comprehensive Kern model for educa-
tional curriculum development and delivery.

 ⇒ The pre- workshop and post- workshop surveys were 
anonymous, so it was not possible to pair survey 
responses.

 ⇒ There was a lower response rate for the post- 
workshop survey.

 ⇒ The educational intervention was targeted to provid-
ers in a single Canadian province, which may limit 
generalisability to other settings.
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advice portal, and patient management tools embedded 
within the predominant primary care electronic medical 
record (EMR) platform.7–9 In this quality improvement 
initiative, we aimed to develop and implement an inter-
active educational intervention (accredited workshop) to 
improve the capacity (knowledge and awareness) of CKD 
management in primary care.

METHODS
Setting and participants
Healthcare in Canada is provided through a single- 
payer, universal system that provides comprehensive 
coverage, with no out- of- pocket cost, for physician and 
hospital services to all residents.10 In Alberta, health-
care delivery is organised by a single provincial body, 
Alberta Health, through five geographical zones (South, 
Central, Calgary, Edmonton and North) (online supple-
mental file 1). Several province- wide Strategic Clin-
ical Networks (SCNs) were created by Alberta Health 
Services in 2012 to implement and coordinate novel 
solutions to improve care for Albertans; while much 
of this work is hospital based, the SCNs also work with 
PCPs, through the Primary Health Integration Network 
to improve primary–secondary care integration.11 
Primary Care Networks (PCNs) operate within the prov-
ince with an aim to provide care following a team- based 
model (including physicians, nurses and allied health 
providers). Currently, approximately 3700 PCPs provide 
care through 41 PCNs in Alberta.12 13 Most patients with 

CKD are cared for in primary care settings in Alberta 
(>90%),2 therefore the educational intervention was 
targeted to primary care team members.

Interactive educational intervention
We developed and delivered an interactive continuing 
medical education (CME) programme through a series 
of workshops across Alberta. This was designed to meet 
the identified needs of PCPs for CKD management, and 
improve guideline- concordant care for patients with CKD 
in primary care settings. We used the six- step Kern model 
to guide educational content development and delivery 
(figure 1).14 The Kern model, developed at the Johns 
Hopkins University School of Medicine, is a learner- 
centred systematic approach that explicitly links curric-
ulum to identified healthcare needs; each of the six steps 
reinforces each other in a cycle and can be used to inform 
continuous curriculum improvement.14 The Kern model 
was developed specifically for medical education and has 
been applied successfully in a number of settings for over 
20 years.14 15 It has been widely applied to evaluate knowl-
edge gaps and needs assessments for educational inter-
ventions. The model was selected to guide curriculum 
development and delivery in this project as it incorporates 
many components shown to positively impact clinical 
practice following CME activities. It afforded opportuni-
ties for highly interactive sessions using multiple teaching 
methods/exposures, and is based on learner- focused 
needs and outcomes.16

Figure 1 Application of Kern’s six- step model to curriculum development and implementation for this intervention. CKD, 
chronic kidney disease; CME, continuing medical education.
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Workshop development
Workshop development encompassed the first three steps 
of the Kern model:

Step 1: Problem Identification and General Needs 
Assessment. Despite availability of clinical practice guide-
lines,17–19 there remain gaps in CKD identification, 
medical management and referral for patients with CKD 
treated in primary care environments in Alberta.3 5

Step 2: Targeted Needs Assessment. Previous work iden-
tified insufficient access to concise guidelines and lack of 
confidence by providers to care for patients with CKD as 
leading barriers to appropriate care6 8 and identified an 
online clinical pathway as a desired tool to improve guide-
line uptake;20 consequently, the CKD clinical pathway 
(CKD- P) (www.ckdpathway.ca) was designed and imple-
mented in 2014 to support guideline- concordant care.21 
One of the needs stemming from this work was a desire 
for continued dissemination of the CKD- P and related 
tools, in primary care environments.

Step 3: Goals and Objectives. The educational work-
shop was designed to align with the Royal College of 
Physicians and Surgeons of Canada CanMEDS Physician 
Competency Framework.22 The framework encompasses a set 
of thematic roles physicians require to effectively meet 
the healthcare needs of the people they serve.22 At the 
completion of the workshop, PCPs would have greater 
awareness of, and confidence accessing, tools to facilitate 
appropriate identification, guideline- concordant medical 
management and timely referral of patients with CKD.

The key learning objectives were:
1. Access the online CKD- P8 and identify, medically man-

age, and appropriately refer patients with CKD, based 
on evidence- based guidelines.17

2. Access the Nephrology eReferral system through the 
Alberta Health Services Netcare portal and understand 
when to initiate a referral or specialist advice request 
and how to complete one.7 23

3. Use EMR database query features, such as a complex 
disease management dashboard, to proactively identi-
fy and recall patients with CKD and facilitate ongoing 
monitoring using the Comprehensive Annual Care 
Plan (CACP) (the CACP is a provincially developed 
tool used to support the care of patients with specific 
chronic diseases, including CKD, using a formal care 
plan).

4. Access and use an enhanced CACP template, with em-
bedded clinical decision support, to streamline work-
flow and ensure guideline- concordant care delivery for 
patients with CKD.

Pre-workshop survey and workshop implementation
This phase encompassed steps 4–5 of the Kern model:

Step 4: Educational Strategies. The curriculum included 
a pre- workshop survey and a 1- hour interactive workshop:
1. Pre- workshop survey: the pre- workshop survey was 

sent to workshop participants via email link approxi-
mately 1 week prior to the workshop (online supple-
mental file 2). The purpose was to assess participants’ 

confidence and barriers and facilitators to caring for 
patients with CKD using a combination of Likert and 
open- ended response questions. The survey questions 
were derived directly from the clinical practice gaps 
and targeted needs assessment identified in steps 1 
and 2 of the model. The purpose of this survey was to 
encourage individual reflection and to identify unique 
barriers in the participants’ clinical setting that could 
be addressed during the workshop, in addition to the 
planned curriculum. The survey results and barriers 
were aggregated for each practice group and present-
ed during the workshop, which allowed for targeted 
discussion.

2. Interactive workshop: the interactive educational in-
tervention was facilitated by a nephrologist (BH) or 
primary care physician (DZ) with expertise in nephrol-
ogy. The facilitator used several techniques to engage 
learners, including an interactive audio- visual pre-
sentation, case studies, guided tool usage and group 
discussion. Workshop content was developed and re-
viewed by two nephrologists (BH, AKB), three primary 
care physicians (DZ, KM, TN) and one nurse practi-
tioner (EN) with expertise in nephrology. The edu-
cational programme was accredited by the College of 
Family Physicians of Canada for up to 2.0 MAINPRO + 
continuing educational credits.

Step 5: Implementation. The accredited education 
sessions were advertised by the Kidney Health SCN from 
September 2017 through March 2019. The workshop 
advertisements were targeted to PCPs throughout the 
province with an emphasis on rural areas, where barriers 
to care are heightened and clinical outcomes are poorer 
compared with urban regions.5 24 25 Workshops were 
primarily delivered in person at or near providers’ clinic 
locations, with one workshop delivered via an interactive 
video- conference format. Due to the experiential nature 
of the workshops, that required direct access to relevant 
online tools, attendees were asked to bring a laptop or 
tablet that could connect to these tools to fully participate 
in the workshop.

Post-workshop survey and evaluation
Step 6: Evaluation and Feedback. A post- workshop survey 
was implemented to assess participants’ confidence and 
evaluate workshop effectiveness. The survey used ques-
tions from the pre- workshop survey and also asked partic-
ipants how likely they would be to use the tools accessed 
during the workshop in their routine clinical practice 
(online supplemental file 3). The survey included a 
combination of Likert and open- ended response ques-
tions and was initially collected via an online link, which 
was transitioned to paper surveys immediately following 
the workshop to increase response rates.

Analysis
Quantitative data analysis
Non- parametric statistics were used for the Likert- 
type survey data;26 pre- implementation and 
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post- implementation differences in survey responses 
were compared using the Wilcoxon Mann- Whitney 
rank- sum test for unmatched data.27 28 Analyses were 
performed using Stata V.14 (StataCorp, College 
Station, Texas, USA).

Qualitative data analysis
We used a descriptive content analysis approach to iden-
tify categories and summarise responses to open- ended 
questions.29 30 Descriptive content analysis approaches 
are used to describe and categorise text data and iden-
tify common trends, but with a low- level of interpretation 
(that is, the analysis stays ‘close to the data’); conse-
quently, we did not use theory to guide analysis of barriers 
and facilitators to CKD care.30 31 Text data were imported 
into NVivo V.12 software to facilitate data analysis (QSR 
International, Doncaster, Australia). One investigator 
(MDS) with expertise in qualitative analysis reviewed the 
text responses to open- ended questions, categorised the 
response data, and discussed the raw and categorised 
data with two investigators (BH, MD) to ensure complete-
ness and achieve consensus on the final categories and 
interpretation.

Patient and public involvement
Because this was an accredited continuing medical 
education workshop targeted to PCPs and developed 
by content experts, we did not consult with patients or 
the public in the design, conduct or dissemination of 
this initiative.

RESULTS
Twelve accredited workshops were delivered to 114 
participants throughout Alberta from September 2017 
through March 2019. Overall, 32% of workshop partici-
pants were from the North zone, 24% from the Central 
zone, 22% from the Edmonton zone, 16% from the 
South zone and 7% from the Calgary zone (). Over 
70% of workshop participants were practising in rural 
locations at the time of the workshop. Approximately 
76% of participants completed the pre- workshop 
survey and 42% completed the post- workshop survey. 
The majority of survey participants were physicians 
(63% pre; 67% post) followed by nurses/nurse practi-
tioners (16% pre; 17% post) (table 1).

Of those who completed the pre- workshop survey, 79% 
had previously heard about the online CKD- P, although 
only 37% had used the tool. Overall, 62% had heard of 
the eReferral portal and 9% had used the tool, while 25% 
had used dashboard features in their EMR to proactively 
identify and manage patients with CKD.

Qualitative results
In the pre- workshop survey, participants were asked to list 
key risk factors and barriers to management of patients 
with CKD in primary care. In the pre- workshop survey, 
participants also identified a number of patient- level, 

provider- level, and system- level challenges and potential 
solutions to management in a primary care setting; the 
relationships between workshop educational compo-
nents and these challenges and proposed solutions are 
depicted in figure 2. Participant responses to practice- 
specific challenges and potential solutions are listed in 
online supplemental file 4.

Patient-level
Workshop participants identified several important 
patient- level barriers that they perceived may impact 
optimal care delivery. The most common patient- level 
barriers identified included travel distance, self- efficacy 
and following recommended treatments, and overall 
health literacy. Workshop participants identified a 
number of strategies to help overcome these barriers, 
including a patient- centred approach, education and 
goal setting, regular follow- up, help for changes in 
lifestyle (such as weight loss programmes and diabetes 
management support), and financial support for medi-
cations. For example, one nurse suggested they ‘try to 
set small achievable goals with patient[s] to make a 
healthy change’ and another suggested ‘patient educa-
tion, goal setting, regular follow up [and] increased 
financial support for medications would be benefi-
cial’ for patients with CKD. Existing programmes to 
support patients with complex health needs were also 
suggested to be beneficial: one physician noted that 
a ‘locally run diabetic nephropathy prevention clinic 
has been super helpful’ and another recommended 
an ‘expansion of service provided by [the] diabetic 

Table 1 Participant roles and workshop locations

Pre- survey
n (%)

Post- survey
n (%)

Clinic role

  Clinic staff 7 (7.9) 4 (8.3)

  Dietitian 6 (6.7) 1 (2.1)

  Pharmacist 4 (4.5) 2 (4.2)

  Exercise specialist 1 (1.1) 0 (0)

  Nurse 10 (11.2) 5 (10.4)

  Nurse practitioner 4 (4.5) 3 (6.3)

  Physician assistant 1 (1.1) 0 (0)

  Physician 56 (62.9) 32 (66.7)

  Other 0 (0) 1 (2.1)

  Total 89 (100) 48 (100)

Workshop clinic locations by AHS zone

  North 32.30%

  Edmonton 21.50%

  Central 23.70%

  Calgary 6.50%

  South 16.10%

AHS, Alberta Health Services.
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nephropathy prevention clinic to become more of a 
nephropathy prevention clinic (include non- diabetics 
with nephropathy as well as diabetics who do not yet 
have nephropathy)’. With respect to travel distance, 
some participants also indicated that use of telehealth 
has helped to overcome access- related challenges: 
‘More use is now being made of telemedicine, the 
closest actual out reach clinic is 1.5 hrs away, which is 
a huge issue for the commonly elderly and debilitated 
patients’ (physician).

Provider-level
The most common provider- level barriers included a 
perceived lack of knowledge and confidence to manage 
patients with CKD in general; limited awareness about 
indications for referral to nephrology; complexity with 
prescribing medicines in the context of multimorbidity 
and low kidney function, poorly controlled diabetes and 
hypertension; and the time needed to care for patients 
adequately. The primary solutions included the need for 
more education for providers: ‘participate in educational 
opportunities’ (nurse practitioner), ‘more education 
regarding [CKD] and a resource to refer to as needed’ 
(pharmacist), ‘more education/training’ (physician) and 
a belief that the workshop would be helpful: ‘[I] antici-
pate this educational session will be very helpful’ (physi-
cian). Other potential solutions identified by participants 
included clinical decision support, more effective use of 
EMRs to proactively monitor and track patients, incor-
porating a multidisciplinary team approach to care, and 

developing a better awareness and understanding of the 
resources and tools available through Alberta Health 
Services’ Netcare portal. For example, some participants 
indicated that ‘utilization of reminders for patients to 
follow- up’ (physician) and ‘setting a pop up in the EMR to 
remind me to consider renal clearance when writing any 
prescription for a patient’ (physician) would be helpful 
while others suggested that ‘understanding the CKD 
pathway and system, and better utilizing the resources 
available on Netcare’ (pharmacist) and ‘learn[ing] more 
about the Netcare eReferral and eAdvice’ portals would 
be helpful (physician).

System-level
The primary system- level challenges identified by partic-
ipants include limited communication with nephrolo-
gists, care continuity, access to resources (including issues 
accessing wi- fi- dependent portals in rural settings) and 
specialist wait times. Participants identified several poten-
tial solutions to overcome these challenges, such as ‘better 
online guidelines about CKD and comorbidities’ (physi-
cian), ‘clear guidelines for referrals’ (dietitian), ‘more 
guidance from specialists’ (physician) and ‘facilitating 
communication lines between specialist clinics and PCN 
clinic staff’ (dietitian), ‘getting advice faster’ (physician), 
and an ability to obtain ‘quick access to nephro[logy] for 
non- urgent advice’. Other potential solutions included 
central coordinating, a better referral system and ‘more 
nephrologists in the country’ (physician), especially in 
rural locations.

Figure 2 Relationship between workshop educational components/tools and CKD management challenges and potential 
solutions identified by workshop participants prior to educational intervention. Grey boxes denote challenges and solutions that 
are unrelated to the workshop educational components. CKD, chronic kidney disease; EMR, electronic medical record.
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Quantitative results
Of the common risk factors for CKD32 identified in the 
pre- workshop survey, 91% of participants identified 
diabetes, 48% identified hypertension and cardiovascular 
disease, 10% identified older age and less than 5% identi-
fied other risk factors, such as acute kidney injury, neph-
rotoxins, family history, smoking, obesity and ethnicity. 
Participants were also asked to rate their comfort level 
in four areas relating to knowledge and confidence 
managing patients with CKD in both the pre- workshop 
and post- workshop surveys: (1) identifying a patient with 
CKD; (2) administering guideline- concordant medica-
tion therapies for patients with CKD; (3) knowing when a 
referral to a nephrologist is indicated; and (4) providing 
resources and suggesting guideline- recommended 
goals for patients with CKD. When comparing the pre- 
survey and post- survey responses, there were significant 

improvements (p<0.001) in the comfort level reported 
by all participants (for all four areas measured) in the 
post- workshop survey (figure 3A) and these significant 
differences were retained when analysing physician- only 
responses (figure 3B).

Following the workshop, the majority of participants 
indicated that they planned to use the tools introduced 
in the educational session; approximately 90% indi-
cated they planned to use the CKD- P and approximately 
70% planned to use the eReferral portal to either refer 
patients to nephrology or submit an electronic specialist 
advice request. In the workshop evaluation, over 90% 
of participants agreed that the content was relevant, the 
session enhanced their knowledge and that they intend to 
use the information learnt in their primary care practice 
(online supplemental file 5).
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A) Workshop participants comfort level, All respondents (pre n=89, post n=48)

B) Workshop participants comfort level, Physicians only (pre n=56, post n=32)

Figure 3 Pre/post- survey responses for (A) all workshop participants and (B) physician participants only. CKD, chronic kidney 
disease.
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DISCUSSION
The aim of this quality improvement study was to design 
and implement an educational intervention to address 
important gaps in CKD care and improve healthcare 
providers’ perceived knowledge and confidence to 
manage patients with CKD in primary care. Prior to 
participating in the interactive workshop, participants 
identified a number of patient- level, provider- level 
and system- level challenges, and potential solutions to 
managing CKD in the primary care setting. Following the 
educational intervention, participants indicated that the 
workshop was relevant to their practice, and significant 
improvements in knowledge and confidence to identify, 
treat, and refer patients with CKD were observed.

Pre- workshop survey results identified a gap in the 
awareness of CKD risk factors among participants. While 
diabetes was commonly identified as a significant risk 
factor for CKD, other important risk factors, including 
hypertension, cardiovascular disease, advanced age, 
nephrotoxins (such as non- steroidal anti- inflammatory 
drugs), family history and previous acute kidney injury, 
were not well recognised, suggesting an important knowl-
edge gap. This is especially relevant considering that the 
early stages of CKD are commonly ‘silent’ and early diag-
nosis, which is dependent on laboratory testing, is key 
to initiating kidney protective therapies and preventing 
disease progression.3 5

Our study also identified several important patient- 
level, provider- level and system- level challenges to CKD 
management in primary care. Many of these challenges 
are at least partially remedied by tools that are available 
to primary care physicians in Alberta, Canada (such 
as the CKD- P, eReferral portal, CACP and EMR dash-
boards), and were introduced to participants during the 
educational intervention. Many participants were aware 
of these tools, but had not used them in clinical prac-
tice, suggesting that a concerted effort to disseminate 
these tools is needed to improve awareness and uptake 
in primary care. Several challenges identified by partici-
pants were beyond the scope of this education interven-
tion, such as travel distance and access for patients, time 
constraints, specialty wait times, internet wi- fi reliability 
in rural locations and financial support for medications. 
These system- level challenges deserve further attention 
and may serve to better support CKD management in 
primary care in Alberta. Many of these challenges have 
also been reported in the literature.5 24 33–35 The time 
required to care for patients with chronic conditions 
is a significant challenge in primary care,33 and the 
density and ratio of nephrologists to patients (14:1000) 
in Canada is one of the lowest in the Organisation for 
Economic Co- operation and Development,24 36 though 
it is not clear how this low ratio may, or may not, affect 
patient outcomes.37 Additionally, inadequate financial 
support for medications has been reported as a common 
reason for poor medication adherence, poorer clinical 
outcomes and increased healthcare utilisation over the 
long term.38–40 As clinical tools designed to support PCPs 

are increasingly dependent on internet wi- fi access, the 
lack of infrastructure in rural and remote regions pres-
ents a significant barrier to PCPs’ uptake of these tools.41

We used an interactive small- group educational inter-
vention to improve PCPs’ knowledge and confidence 
in managing CKD patient care in a community setting. 
Educational outreach has been reported to be an effec-
tive knowledge translation methodology for health-
care provider audiences16 42 and our previous research 
suggests that small- group in- person activities are effective 
means for increasing the use of an online clinical pathway 
in primary care.43 By using the structured Kern model 
to design the educational intervention, we were able to 
adapt content to the local, primary care context and target 
three identified knowledge gaps: early identification of 
CKD, administration of guideline- concordant drug ther-
apies and identifying when referral to a nephrologist is 
indicated. This approach was ultimately successful, with 
significant improvements evident in the pre/post- survey, 
although it is unclear if this new knowledge was sustained 
or translated into practice changes as the study did not 
evaluate the effectiveness of the curriculum in enhancing 
CKD management beyond participants’ participation in 
the continuing medical education session.

Strengths of this study include broad geographical 
participation across the province of Alberta, with a focus 
on rural regions, and use of a comprehensive model 
for educational curriculum development and delivery. 
However, there are limitations that should be recognised 
when interpreting the results. The pre- workshop and 
post- workshop surveys were anonymous, so it was not 
possible to pair survey responses. There was also a lower 
response rate for the post- workshop survey, however, the 
response rate improved when the administration method 
was modified to a paper- based survey, rather than elec-
tronic, following the workshop. It is also important to 
note that we used qualitative descriptive methodology, 
specifically conventional content analysis, to summarise 
perceived barriers and facilitators to CKD care; we did 
not use theory to guide analysis. Finally, the educational 
intervention was targeted to providers in a single Cana-
dian province, which may limit generalisability to other 
settings.

In summary, we implemented a robust quality 
improvement- based educational intervention, using 
the Kern model to improve the capacity of PCPs in the 
management of CKD. Educational interventions lever-
aging this approach may effectively improve knowledge 
and confidence among PCPs and improve clinical care 
for patients with CKD. More research is needed to under-
stand if these knowledge improvements affect clinical 
practice, and whether improvements are sustained long 
term.
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