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Introduction: The kidney failure risk equation (KFRE) estimates a person’s risk of kidney failure and has
great potential utility in clinical care.

Methods: We used mixed methods to explore implementation of the KFRE in nephrology clinics.

Results: KFRE scores were integrated into the electronic health record at Johns Hopkins Medicine and
were displayed to nephrology providers. Documentation of KFRE scores increased over time, reaching
25% of eligible outpatient nephrology clinic notes at month 11. Three providers documented KFRE scores
in >75% of notes, whereas 25 documented scores in <10% of notes. Surveys and focus groups of
nephrology providers were conducted to probe provider views on the KFRE. Survey respondents (n = 25)
reported variability in use of KFRE for decisions such as maintaining nephrology care, referring for
transplant evaluation, or providing dialysis modality education. Provider perspectives on the use of KFRE,
assessed in 2 focus groups of 4 providers each, included 3 common themes as follows: (i) KFRE scores
may be most impactful in the care of specific subsets of people with chronic kidney disease (CKD); (ii) there
is uncertainty about KFRE risk-based thresholds to guide clinical care; and (iii) education of patients,
nephrology providers, and non-nephrology providers on appropriate interpretations of KFRE scores may
help maximize their utility.

Conclusion: Implementation of the KFRE was limited by non-uniform provider adoption of its use, and
limited knowledge about utilization of the KFRE in clinical decisions.
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C KD affects more than 10% of the global popula-
tion." Although nephrologists aim to identify CKD
early, prevent its progression, and (in cases of pro-
gression) facilitate optimal transitions to kidney
replacement therapy (KRT), resource and time con-
straints limit success. In the United States, 30% of
people with CKD G4 and 50% of people with CKD G5
were not seen by a nephrologist in 2020.” Over 83% of
individuals starting dialysis in 2020 did so sub-
optimally with a central venous catheter.” Many of the
opportunities to improve nephrology care stem from a
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need to target patients at highest risk of progression to
kidney failure.

The KFRE is an internationally validated tool which
calculates a person’s risk of progression to kidney
failure.” The 4-variable KFRE incorporates an in-
dividual’'s age, sex, estimated glomerular filtration rate
(eGFR), and albuminuria to provide 2-year and 5-year
percent risks of kidney failure, for patients with an
eGFR <60 ml/min per 1.73 m’. Prognostication is
calibrated by 1region,4 and can be further refined by
incorporating additional data (serum phosphorus, al-
bumin, bicarbonate, and calcium) into the 8-variable
KFRE.” KFRE scores have been proposed as a method
to institute risk-based thresholds for referrals to
nephrology care”® or multidisciplinary nephrology
clinics,”® and to guide KRT planning.” Some guidelines
suggest referral to nephrology care when 5-year KFRE
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scores are >5%, and referral for dialysis access and/or
transplantation when 2-year KFRE scores are >20% to
40%."°

Although the KFRE may be impactful, a roadmap to
implement its use in clinical care is not available. We
recently integrated KFRE scores into electronic health
records of patients with CKD being seen in nephrology
clinics. In this study, we quantified KFRE score docu-
mentation in outpatient nephrology clinic notes, sur-
veyed nephrology providers to assess use of the KFRE,
and conducted 2 focus groups of nephrology providers
to identify common themes influencing provider per-
spectives on the KFRE. Our data looks to inform future
efforts to implement the KFRE in nephrology and non-
nephrology care.

METHODS

Setting

This study was conducted at Johns Hopkins University
and the affiliated Johns Hopkins Medicine outpatient
clinics. Nephrologists working in this practice care for
a variety of patients with acute kidney disease and
CKD, who are referred from primary care physicians,
other specialty providers, and/or self-referred. A
multidisciplinary nephrology care clinic is not avail-
able, and nephrologists continue to care for patients as
they transition to late stages of CKD and begin prepa-
rations for possible KRT.

KFRE Score Calculations

Using data available in Epic electronic medical records
(Epic Systems Corporation), estimated risks are calcu-
lated for the 4-variable 2-year and 5-year KFRE
scores.”" Scores were reported for patients seen in
nephrology clinic with an eGFR <60 ml/min per 1.73
m” and albuminuria data available. KFRE score calcu-
lations use the most recent outpatient serum creatinine
within 3 years using the 2021 CKD Epidemiology
Collaboration creatinine-based equation.'' Albumin-
uria data utilized inpatient and outpatient urine
albumin-to-creatinine measurements (spot or 24-hour;
UACR, mg/g), urine protein-to-creatinine ratio (spot or
24 hour; UPCR, mg/g), or urine protein dipstick mea-
surements within 3 years of the eGFR measurement.
The algorithm selected the albuminuria measurement
closest to the time of eGFR measurement with prefer-
ence given to UACR or UPCR. The most recent urine
protein dipstick value was used if there were no UACR
or UPCR measurements within 3 years of the eGFR
measurement. UPCR and dipstick values were con-
verted to UACR prior to inclusion in the KFRE score
calculation.'” Some laboratories obtained by external
laboratories were not used in score calculations.
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KFRE Score Reporting Tools

KFRE scores were integrated into Epic at Johns Hop-
kins Medicine in January 2022, and made accessible to
nephrology providers in 3 ways (Supplementary
Figure S1). The first is a display of KFRE scores in
the “Storyboard” feature of Epic, which displays 2-
year and 5-year KFRE scores upon hovering over, or
clicking, the KFRE hyperlink. The second is a
“ KFREscore” dotphrase, which allows providers to
pull 2-year and 5-year KFRE scores into clinic notes.
The third is “Patient Insight”, which is a visual aid
displaying KFRE scores, 2-year risk of cardiovascular
disease events for patients with eGFR <30 ml/min per
1.73 m?"’ prescription of therapies known to be
renoprotective (renin-angiotensin system inhibitors,
sodium/glucose cotransporter-2 inhibitors, mineralo-
corticoid receptor antagonists, and glucagon-like pep-
tide 1 receptor agonists), and trends in eGFR and
albuminuria. KFRE on Storyboard and the “.KFRE-
score” dotphrase were available after January 12, 2022,
and Patient Insight was available after January 22,
2022. Score reporting tools display the date of labora-
tory data being used in the calculated KFRE scores.
Unless entered into clinic notes, KFRE scores are not
shown directly to patients.

Dissemination Into Nephrology Clinic

Availability of KFRE score reporting tools was first
advertised to nephrology providers in January 2022
through conferences and division-wide email commu-
nications. Two additional information sessions (1 dur-
ing an in-person educational conference for fellows,
and 1 during a web-based meeting for faculty) were
held in April 2022. Six new trainees joined our practice
in July 2022 and were provided with educational in-
formation via an in-person conference and subsequent
email communication about the KFRE in August 2022.

Quantification of KFRE Score Documentation
We used text string searches of outpatient nephrology
clinic notes to quantify documentation of KFRE scores
from February to December 2022, as assessed by in-
clusion of the text string “2-year KFRE” in note text,
for patients with KFRE scores available in Epic. Data
was collected longitudinally and summarized using
descriptive statistics, stratified by CKD stage and by
nephrology provider (using masked provider identi-
ties). Results were reported as a percentage of eligible
outpatient notes.

Nephrology Provider Perspectives

An online survey (Supplementary Item S1) was
distributed to Johns Hopkins nephrology providers (all
current providers, plus nephrology fellows who had
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graduated in July 2022) from September—October 2022,
probing individual perspectives on clinical use of the
KFRE. Respondents were prompted to provide open-
ended feedback and were asked about potential inter-
est in focus group participation. Survey data was
collected using Qualtrics XM software, using descrip-
tive statistics to summarize data.

To further explore provider perspectives on KFRE
use, we conducted 2 focus groups in October 2022 (1
with nephrology faculty and 1 with nephrology fel-
lows) guided by semi-structured interview questions
(Supplementary Item S2). Topics of discussion included
use of KFRE scores as decision support aids, thresholds
of KFRE to determine if patients could be “discharged”
from nephrology care, and potential suggestions to
improve reporting of KFRE scores. Questions were not
pilot tested, and field notes were not taken. Interview
guides and techniques, with a detailed study protocol,
were pre-emptively discussed among the investigators
(DMP, CRP, and DCC) to ensure credibility and
dependability of data collection.

Focus groups were led by DMP who is a member of
the nephrology faculty with experience in qualitative
research with no conflicts of interest regarding KFRE.
Focus groups were held through online video confer-
encing and were 1 hour each in duration. Participants
were assigned a participant number to state prior to
any response, such that responses were linked to a
participant number only and not to names. Though
video cameras were on for the duration of focus groups,
only audio recordings were sent to Ubiqus Translation
Services, which transcribed verbatim and provided
redacted transcripts. Transcripts were not offered to
participants for review.

Qualitative Data Analysis
Three authors (DMP, BMC, and DCC) independently
reviewed transcripts to ensure data confirmability,
using thematic content analysis'* to code and analyze
focus group transcripts. MAXQDA software was used
to manage qualitative data. The coding tree was dis-
cussed by the 3 authors until consensus was reached.
After transcript data was organized using the coding
tree, the 3 authors reviewed data in aggregate and
inductively derived themes influencing provider per-
spectives on the KFRE, until consensus was reached.
Participation in surveys and focus groups was not
mandated, and consent was obtained in all cases.
Remuneration was not offered.

Ethical Approval

The study was approved by the Johns Hopkins Uni-
versity Institutional Review Board (IRB00339347, PI: D.
Patel), using data within the Johns Hopkins Kidney
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Precision Medicine Center of Excellence (IRB00234653,
PI: C. Parikh).

RESULTS

Quantification of KFRE Documentation

We evaluated documentation of KFRE scores, expressed
as a percentage of outpatient nephrology clinic notes
containing “2-year KFRE,” for people with CKD stages
G3a—G5 (Figure la). Documentation of KFRE scores
increased over time, reaching 25% of clinic notes by
December 2022. In total, KFRE scores were documented
in 18% of outpatient nephrology clinic notes from
February to December 2022 (CKD G3a: 14%; CKD G3b:
19%; CKD G4: 20%; and CKD G5: 17%).

Adoption of KFRE documentation in clinic notes was
variable across providers (Figure 1b). Among 44 pro-
viders with outpatient nephrology clinic notes during
the study period, 3 documented KFRE scores in >75%
of clinic notes, whereas 25 documented KFRE scores
in <10% of clinic notes.

Provider Surveys

We surveyed nephrology providers in our practice to
ask their views on KFRE use in nephrology clinic. From
a group of 27 nephrology faculty and 20 nephrology
fellows who were sent the survey, 25 providers (53%;
13 faculty and 12 fellows) provided complete responses
(Supplementary Table S1). Responses were anonymous
and additional demographic information was not
collected. The length of nephrology clinic experience
varied, with 5 respondents (19%) having <3 months’
experience and 8 (31%) having >5 years’ experience.

Providers estimated their frequency of using KFRE
score reporting tools (Figure 2). Among survey re-
spondents, 31% of faculty and 33% of fellows reported
use of the KFRE dotphrase for 70% to 100% of clinic
visits, and 15% of faculty and 42% of fellows reported
use of Storyboard for 70% to 100% of clinic visits. One
faculty member and 2 fellows reported ongoing use of
the external KFRE website (kidneyfailurerisk.com) in
70% to 100% of clinic visits. Fellows reported higher
awareness of KFRE score reporting tools, as compared
to faculty (Supplementary Figure S2).

Providers were then asked to rate their level of
agreement with several potential uses of KFRE scores
(Figure 3). On a scale of 0 to 100 (100 = strongly agree),
providers on average rated KFRE scores as being
“useful to know as a nephrologist” as 71 (SD 33), and
KFRE scores as being “useful to non-nephrology pro-
viders” as 63 (SD 26). There was a range of agreement
levels regarding use of KFRE scores as a tool to guide
clinical care, including maintenance of active
nephrology care (61, SD 32), referral for advanced CKD
education (65, SD 35), transplant evaluation (62, SD 31),
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Figure 1. KFRE score utilization. (a) Rates of KFRE score documentation in outpatient nephrology clinic notes per month, stratified by CKD stage.
(b) Rates of KFRE score documentation in outpatient nephrology clinic notes during the study period, grouped by provider into categories of

documentation frequency.

or access placement (66, SD 29). Faculty reported a
higher level of understanding of KFRE calculation and
validation (85, SD 17) compared to fellows (48, SD 30).
Select open-ended comments written by survey re-
spondents are provided in Supplementary Table S2.

Qualitative Assessment of Provider
Perspectives

Characteristics of participants for focus groups (1 held
for faculty and 1 for fellows) are provided in
Supplementary Table S3. Transcripts from focus
groups were coded, using thematic content analysis to
inductively derive a coding tree (Supplementary
Figure S3) and to identify experiences and themes
influencing provider perspectives on KFRE use in a
nephrology clinic. Illustrative quotations from partici-
pants are presented as Table 1.

KFRE Scores May Be Most Impactful in the Care of
Specific Subsets of People With CKD

Generally, KFRE score reporting tools were viewed
positively, given the rapid availability of KFRE scores,
with updated calculations based on the most recent
laboratory data. Patient Insight provided a quick
method for providers to review eGFR and albuminuria
trends over time. The KFRE was noted to be
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particularly helpful for specific low-risk subsets of
patients with CKD.

“...when you have patients who show up who really
aren’t likely to [progress to] kidney failure...this is
really helpful and it’s also helpful for other people who
[have| really severe disease to just...emphasize...the
pace at which we need to move in order to prepare for
dialysis or transplantation. Having those numbers can
be helpful.” (Fellow #1)

Although low 5-year KFRE scores were felt to be
impactful in the management of older adults with CKD,
participants felt that the utility of 5-year KFRE scores
in younger people with CKD was less certain, given the
inability to account for unexpected medical or other
life events that could take place over the next several
years. High KFRE scores were reported by some pro-
viders to be less useful in management of people with
known advanced progressive kidney disease. Partici-
pants noted the inability of the KFRE to distinguish
steady state from acute illness, which they believed
could result in falsely high KFRE scores.

There Is Uncertainty About KFRE Risk-Based
Thresholds to Guide Clinical Care

Some providers commented that KFRE scores could
help determine the need for new and/or continued
outpatient nephrology care.

Kidney International Reports (2023) 8, 2665-2676



CLINICAL RESEARCH

DM Patel et al.: KFRE Implementation in Nephrology Clinic

a Frequency of KFRE reporting tool use by faculty
100%

80%

60%

40%

20%

0%
KFRE website
(kidneyfailurerisk.com)

KFRE scores on
Storyboard

O00to<30% 0O30to<70% @70 to 100%

KFRE dotphrase Patient Insight

Frequency of KFRE reporting tool use by fellows

100%

80%

60%

40%

200/0

0%
KFRE dotphrase

KFRE scores on
Storyboard

KFRE website
(kidneyfailurerisk.com)

Patient Insight

O0to<30% 0O30to<70% O70to 100%

Figure 2. Self-reported frequency of using KFRE score reporting tools. Providers were asked to quantify the proportion of patients seen in clinic
for which each KFRE reporting tool was used (0% to <30%, 30% to <70%, or 70%—-100%). Responses are shown for each KFRE score reporting
tool, by provider type (n = 13 faculty and 12 fellows for all questions; no missing cases).

“...there are more patients with kidney disease or
that want to see us...than we have the manpower to be
able to...it"s difficult to...discharge patients from our
practice...I think the KFRE has the potential to be one
of those tools.” (Faculty #3)

However, others reported uncertainty of risk-based
thresholds for nephrology care from the perspective of
primary care providers, who were anticipated to feel less
comfortable in situations in which patients were “dis-
charged” from nephrology clinic. Focus group partici-
pants commented that select patient subsets, including
young people with CKD but low KFRE scores, or people
with known glomerular disease in remission, should still
maintain nephrology care regardless of KFRE scores.

Providers reported several approaches to the use of
KFRE risk-based thresholds in the care of people with
advanced CKD. Some commented that KFRE scores
influenced the timeline of KRT planning, whereas the
eGFR still dictated the need for referral for services
such as vascular access placement. The need to follow
traditional eGFR cutoffs was highlighted in regard to
transplant evaluation.

Kidney International Reports (2023) 8, 2665-2676

“...although that might [play] a role in me thinking
about a patient needing a transplant sooner rather than
later, the actual referral and evaluation process is just
guided by...a concrete target...I think dialysis educa-
tion, I just am, I tend to be a little more proactive with
giving that out...maybe I start that a little bit soon-
er...than I would looking at access.” (Fellow #4)

Education of Patients, Nephrology Providers, and
Non-nephrology Providers on Appropriate
Interpretations of KFRE Scores May Help Maximize
their Utility
Although participants noted the potential benefits of
using KFRE scores to provide a risk estimate directly to
patients or other non-nephrology providers, some
participants had concerns about providing these data
without appropriate discussions of the inability of
KFRE scores to account for future events which might
impact kidney failure risk. They noted that lack of
education about these topics could impair physician-
patient relationships.

“I have had some people who really tend to...anchor
on those numbers and get stuck on those. And then...if
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Figure 3. Provider-rated level of agreement with specific aspects of KFRE score utilization Providers (n = 13 faculty and 12 fellows for all questions;
no missing cases) were asked to use a sliding scale (0-100) to rate their level of agreement with each statement (reported as mean, SD).

the course of their kidney disease doesn’t really follow
what the KFRE would’'ve suggested, then there, I think
maybe there could be room for...mistrust or...a lack of
faith in, in medicine and...science and equations and
these sorts of predictors.” (Fellow #4)

Focus group participants also commented on po-
tential drawbacks of having KFRE scores included in
clinical documentation, without an explanation of what
the scores meant and their potential caveats. Explana-
tion of KFRE scores in clinical documentation was not
uniformly reported by providers.

“...in my notes to [other| providers...I won't just
leave the table in there, I'll put in kind of, you know,
based on these parameters, this is our estimated
risk...this is why we’re gonna go forward with this
thing or not, or we're gonna refer someone for trans-
plant...more as an explanation as opposed to just
putting the actual table or...copy of the results in
there.” (Faculty #8)

We also asked focus group participants to engage in
thought exercises, commenting on how KFRE scores for
theoretical patients might influence subsequent clinical
care (Table 2).

Our data are summarized into key considerations to
guide KFRE implementation (Figure 4).

DISCUSSION

In this mixed methods study, which described our
institution’s experiences with KFRE implementation in
nephrology care, we found that KFRE score
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documentation increased over time, with variability in
adoption by providers. Provider-reported utilization
was influenced by knowledge of KFRE interpretation,
perspectives on applicability of KFRE scores to subsets
of patients, and views on the use of the KFRE as a
decision support aid. We highlight some targetable
issues to consider when optimizing KFRE implementa-
tion in clinical care.

First, our data suggest that knowledge about the KFRE
influences provider perspectives on its use. Fewer than
50% of fellows who responded to our survey reported
having a self-reported “good understanding” of KFRE
calculation and validation. Faculty reported higher
awareness of KFRE calculation and validation, though
knowledge was not uniform. Focus group participants
were aware that KFRE scores reflect a single point in time,
do not account for external factors such as acute illnesses
or social determinants of health, and may need to be
reassessed after significant changes in health. Still, some
focus group participants alluded to trending changes in
KFRE, which has not been validated. Implementation of
high-yield guides providing education on appropriate
interpretations and applications of the KFRE, designed
for nephrology providers, non-nephrology providers,
and patients, is an area of potential future research. It is
plausible that through this education, providers and
patients will better recognize the need for albuminuria
testing,10 which has historically been low.'” *?

Similarly, our data allude to a need to better identify
the most effective method to disseminate KFRE scores

Kidney International Reports (2023) 8, 2665-2676
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Table 1. lllustrative quotations from focus group transcripts. Quotations are identified by the role of the participant (faculty or fellow) and

participant number.

Provider perspectives on the KFRE itself
Applicability of the KFRE to subsets of people with CKD

Knowledge about meaning of KFRE scores

Views on KFRE reporting tools
Positive impact of KFRE infegrafion with EHR

Opportunities to improve KFRE score reporting within EHR

Utilization of KFRE as a decision support aid
KFRE as a guide fo infensity of nephrology care

KFRE as a guide to kidney replacement therapy planning

*l also find myself using the age and adding 5 years when I'm falking fo patients above a certain age because it helps to
put that in perspective. So, if I'm falking fo a patient who's in their 50s, for some reason, | don’t tend to do that thing
where | say, Okay, so by the time you're 55 we're looking atf a, you know, 30% risk of [kidney failure]. But in a patient
who’s 75, | do find myself doing that way more and saying, so basically by the time you turn 80, because | think those
ages seem to mean a liftle bit, a little bit more fo the patients and then also fo me as a provider somehow.” (Fellow #4)

*I dont think the 5-year KFRE for the 30-year old when I'm just glancing up this would... change me saying that this is
somebody who would be getting some closer follow up in the clinic.” (Faculty #8)

*I'have a mix of patients in my clinic. So, if | was seeing...somebody who was coming in for high-risk pregnancy, that
wouldn't be part of the discussion unless they had preexisting kidney disease. If | was seeing...someone who was
already coming in as a second opinion who’s stage 5, already prepped for dialysis, that wasn't a relevant part of the
discussion.” (Faculty #8)

*...i's a snapshot in time” (Faculty #1)

*I think if, if we're using it in patients who aren’t af steady sfafe...then misinterpretation can be a problem.” (Faculty #1)

*...as this gets rolled out and as it’s more universally accepted and used in other clinics, | think that’s one thing to keep in
mind...Using if...not in the seffing of an acute illness where patients or providers may get the false sense
of...concem...But, you know, | think it, it's all about more education.” (Faculty #1)

“I've had patients who are clearly seeking grade 5...The risk that you clinically expect of being on dialysis sort of doesn’t
correlate as much. So, it's [imporfant] to know those situations. And sometimes, you know, if you don't, then you may
see the risk is 30% ...Well, the risk may actually be higher just because there’s cerfain factors, right?” (Fellow #2)

*l use...the change in the KFRE score, you know, from say a previous visit or...the slope or...the GFR change in addition fo
the KFRE score more for dialysis education.” (Fellow #2)

* was using KFRE prior fo the scores aufomatically being calculafed....it was cumbersome, it required me to use the
Kidney Failure Risk Equation website, putting in the numbers there...and calculating what the kidney failure risk score
would be at 2 years and 5 years.” (Faculty #3)

“I'was initially skeptical that the KFRE would be useful for us as...nephrologist...and | have come around to it, | think that it
is a nice way fo summarize...all the information that we have info a nice number that predicts risk....the availability for
nephrologists and the ease of use in nephrologists. . .could really be...enhanced by a more widespread use of the KFRE.”
(Faculty #3)

*...it does give you a good idea and it's easy for patients fo understand and kind of...see where their numbers are, and
what it means for them, and what, how rapidly it has progressed or not...that's how | use Patient Insight. And then...the
Dot Phrase, | do use it fo just for clinical recommendation.” (Fellow #3)

“anywhere between one-fourth fo one-half of my clinic has labs done elsewhere and they have fo be scanned in...so the
most recent labs here, might be from 6 months ago, whereas | have more recent months from last month. So that’s,
that's probably the biggest challenge.” (Faculty #4)

*I think for people who are using the Dot Phrase, it's 3 lines of...numbers, so that it just adds disorganization to...the note.”
(Fellow #2)

*...just because the way it's formatted. ..it just shows up as numbers and the dafe that it was appearing. So, for people
reading my nofe, it's not clear what that is. So | tend fo phrase it as the risk of [kidney failure]...in 2 years is this and this
based on labs obtained on this day, is the way | use it.” (Fellow #2)

“There’s a lot of the other physicians involved with the patient’s care often don’t want us to step back. And |, | think | find it
challenging to sort of navigate that.” (Faculty #4)

*I think, you know, it could be used as, as a tool...you know, quote, unquote, discharging from nephrology care, but you
know, in the right context and, and for the right patient, right? So, for obviously the patient with a GN who’s in remission?
Right, whose KFRE may be...less than 3%...you’d sfill wanna see them yearly or whatever it may be...but if it's
somebody who, you know, previously had really poorly controlled diabetes...who...I know their primary care...theyre
getting good care endocrinology and they’re on an SGLT2 and the A1C is now 6 and a half and...their
KFRE...is...appropriately less than, you know, 3% or 5%, then yeah...it could be used as another tool.” (Faculty #1)

*I think the time that | have done if, was when the patient’s elderly and 5-year...risk is low...it's just af that point, are they
going, you know, are the kidney’s gonna outlive them? And if the answer is yes, they probably don’t need to be seeing
another provider.” (Faculty #8)

*I think there could be some benefit, but | also feel that, or af least CKD prevention management is the most important part
of, you know, preventing progression fo [kidney failure], that it has to be faken in consideration with the comorbidities
which don’t go into the equation and the pofential for having other events contributing fo...you know...the social
situation or other factors that could cause a lof more rapid progression than not, which do not necessarily go into the
equation.” (Fellow #2)

...someone whose KFRE is at 40% is probably a little more of a time-sensitive one fo sort of say...we really do need you
fo meet with the dialysis educator, we do need to start looking at some of the material about renal replacement therapy.
Whereas if the KFRE was 1.5%, you could kind of give them a little more time...you know, before your next visit. Take
some fime to look at this material, decide what you were, you know...what you're inferested in, and then we can kind of
have a continue, you know, an ongoing discussion about it.” (Faculty #8)

... for access placement...because there’s so many other factors that go into it and af that time | feel like personally when
someone’s already at that CKD 3, 4/5...edge, the KFRE score is going to be high anyway...so that for me...the GFR sort
of seems to be the primary thing that | go for. And the KFRE supports education fo guide that access placement, but not
for referral.” (Fellow #2)

z

z
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Table 1. (Continued) lllustrative quotations from focus group transcripts. Quotations are identified by the role of the participant (faculty or
fellow) and participant number.
Utilization of KFRE as a method of communication
Impact of relaying KFRE scores fo patient

*...when you start the discussion about dialysis. . .their first question is, okay...when am | gonna go on dialysis? Or what is
my risk at this point? And then that helps sort of, for patients that actually prefer numbers, it helps give them also these
numbers fo say, okay, well this is how it is.” (Faculty #4)

*...in new patient visits when | would have people come in for a brand new evaluation who didn’t know about kidney
disease before and were really, really concerned to hear that their GFR was...45% or something like that. And for those
patients, | think it’s really, really illustrative when you can show them that even though you're operating with less than
half of your kidney function, that actually doesnt franslate to a really acute risk of progression.” (Fellow #4)

*l learn my lesson very early on in fellowship, you're in the COVID era...we had a lot of patients that...they would leave,
they would have a stable GFR, get admitted for COVID, and then come back with...a creatinine of 4, and just then
thereafter end up on dialysis. And they're like, well, you know, we were told that our risk for dialysis in 6 years was next
fo nothing. So, after that, | think | got a little more diligent about, um, sort of throwing in that disclaimer at the end as
well.” (Faculty #4)

*l think the challenge will be if people put the score on there without a real, on any paperwork for a patient without really a, a
discussion and a disclaimer. You know? This is based on point in time, assuming everything else relatively stays the
same and there’s no big major other health event that might...alter...the scoring. And so, you know, you don’t want
someone walking away from this going, oh, well, they fold me...my chance of going on dialysis in 5 years is less than
10%. But that assumes nothing else is going to, you know, no major of their health event. And to make sure that they
understand how we're using those scores, that they’re not necessarily guarantees.” (Faculty #8)

*I think it helps them sort of plan for different things when you're speaking with oncology. You know? What is the pofential
risk for someone progressing fo end-stage kidney disease...when you're falking with some of the surgery
subspecialties...is this somebody who really we need fo look at dialysis options before they go through this major
procedure?” (Faculty #8)

*...ifthe KFRE is used by other providers beyond nephrologists, it does have the potential...that if someone’s not in steady
state, they might have one value that suggests they're at a high-risk stafe of progression...and that might generate earlier
nephrology appointments.” (Faculty #3)

*...it may be a litfle bit more risky if there’s a lack of communication.” (Fellow #2)

Utility of relaying KFRE scores to other providers

CKD, chronic kidney disease; EHR, electronic health record; KFRE, kidney failure risk equation.

to providers and/or patients. Providers reported use of (personal communication with M.E. Grams). Provider

KFRE on Storyboard or as a dotphrase more often than
Patient Insight. Some providers continued to use the
external KFRE website, citing the need to incorporate
external data or a preference to calculate 8-variable
KFRE scores.” Other clinical centers may display
KFRE scores differently: at least 1 center reports 2-year

input on methods of score reporting, including desired
accompanying clinical information, may help imple-
ment the KFRE as a tool to assist clinicians in providing
person-centered care. We also anticipate that a KFRE
“champion” within each health care setting could lead
iterative review of score reporting tools and provide

KFRE scores on clinic schedule lists, such that pro-
viders can view scores when opening a clinic encounter

continued education to providers, which may improve
utilization.

Table 2. lllustrative excerpts from focus group thought exercises. Quotations are identified by the role of the participant (faculty or fellow).

Pair 1: 30-year old female with eGFR 45 ml/min per 1.73 m? and 2-year KFRE 1.5%
80-year old female with eGFR 45 ml/min per 1.73 m? and 2-year KFRE 1.5%
*The 30-year old, | think even if the KFRE was on the lower side...being 30 years old and already having a GFR of 45 is a little worrisome. Because ultimately, even if it's not af the 5-
year mark, this is somebody who’s potentially gonna get info a lot, you know, will get info trouble during their lifetime....” (Faculty #8)
“Ithink I'll start off with the 80 year old female and seeing the KFRE of 1.5% is reassuring in an 80 year old female with a GFR 45 and sort of helps guide the decision of saying that, you
know, your risk of requiring potential dialysis or fransplant is lower...af that age. And it affects potentially how frequently | can get labs and even, you know, follow up as well in the
clinic...” (Fellow #2)

Pair 2: 65-year old male with éGFR 20 mi/min per 1.73 m? and 2-year KFRE 1.5%
65-year old male with eGFR 20 ml/min per 1.73 m? and 2-year KFRE 40%

*...both individuals are going to be getting info some type of frouble in ferms of...progressive kidney disease...l would almost take this more as how much of a timeframe that we give
someone fo look af options.” (Faculty #8)

*...both of them | would refer for transplant just so that they can start accruing time. Both of them I would provide dialysis education materials fo...casually like the, the videos that they
can watch on their ferms or maybe some flyers or something like that. But the second patient with the KFRE of 40%, | would probably have them talk to...an actual dialysis educator like
we have access to here who can really spend some one-on-one fime and go info defail. | would probably nudge them a lot more fo make a decision about the modality and then
probably refer them for access prefty soon...highly unlikely that unless you have a living donor that you're gonna get fransplanted before you end up on dialysis likely with, with that,
KFRE that high.” (Fellow #4)

Pair 3: 70-year old male with 2-year KFRE 40% and 2-year CVD risk score 10%
70-year old male with 2-year KFRE 40% and 2-year CVD risk score 60%

“think if anything, maybe it's more of a discussion with primary care...seeing if we can optimize various other things. ..l don’t know how much it would change what | do from a kidney
standpoint outside of maybe just being more aware of in general how much sicker the patient is.” (Faculty #1)
*| think it can be used from the standpoint of...counseling individuals about renal replacement therapy...sort of best-case scenario, worst-case scenario in ferms of how they may do.
Also, | think | almost fake it fo the fact of, you know, they’re much higher risk of having some cardiovascular event, which is going to potentially alter their frajectory of their kidney
disease.” (Faculty #8)
*I think with the second patient, | would focus a lot more on what their necessary goals of care are and you know, focus on...whether dialysis would even be beneficial going forward
and you know, even discuss potential other options like medical management just given that already existing...mortality without being on dialysis.” (Fellow #2)
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Outer setting

= Incorporation of risk-based thresholds
into clinical care guidelines
= Acceptance of risk-based thresholds as
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Implementation
of KFRE in
clinical care

qualification for kidney replacement therapy
planning (e.g. transplant evaluation)

= Dissemination of KFRE guidelines to non-

nephrology providers (e.g. primary care) Individuals
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Inner setting > People with
. CKD
» Method of KFRE score reporting > Nephrology
= Provider knowledge of the KFRE providers
= Provider preferences regarding use > Non-
of the KFRE in clinical care nephrology
X L. providers
Intervention characteristics > Policy
> Validation of the KFRE makers

» Applicability of KFRE scores to
subsets of people with CKD

» Data demonstrating improvement in
outcomes for people managed with

risk-based thresholds

Figure 4. Implementation of the KFRE in clinical care, as modeled by the Consolidated Framework for Implementation Research (CFIR

KFRE risk-based thresholds have been proposed as a
method to guide several aspects of nephrology care.” "’
Several studies have predicted that using KFRE scores
as a criterion for nephrology referral will result in a
reduction in unnecessary referrals, and an increase in
earlier referrals for patients at high risk of progression
to kidney failure.”*° ** In one care setting in Canada,
KFRE scores dictate the urgency of nephrology
referral.® However, a pragmatic clinical trial in which
primary care physicians were provided 5-year KFRE
scores with a decision support aid demonstrated low
rates of use and no improvement in clinical moni-
toring.”” An ongoing trial of KFRE and decision sup-
port aid delivery (including patient-facing) to primary
care clinics in Canada® will assess subsequent man-
agement of patients in addition to provider satisfaction,
costs of care, and patient health literacy.

In our study, providers reported some degree of
uncertainty about the use of KFRE scores as a decision
support aid. For instance, although providers reported
ease of using KFRE scores to guide clinical care of older
patients with low risk scores, there was no consensus
on whether or not to “discharge” this subset of patients
from clinic. Similarly, although very high risk scores
were reported to be beneficial in raising awareness or
altering the timeline of KRT planning, there was no
uniformity in using scores to determine when a person
would be referred for steps such as dialysis access
placement. To our knowledge, there are no published

Kidney International Reports (2023) 8, 2665-2676

)15,16

trials assessing outcomes of KFRE-based thresholds (as
opposed to eGFR-based thresholds) for referral to
nephrology, or referral from nephrology to trans-
plantation, dialysis education, or vascular access
placement. With such data, and through dissemination
and implementation of KFRE-based care guidelines, we
anticipate that KFRE scores could improve care for
patients with CKD. KFRE score use might help avoid
unneeded dialysis access placement in patients at low
risk of progression to kidney failure within their life-
time, and could enable targeted outreach to people at
highest risk requiring more immediate attention.
Person-centered outcomes including patient activation
and patient-physician relationships are additional
metrics that could improve through the use of KFRE
scores in CKD clinic.

Finally, during implementation in clinical care,
patient-specific factors may influence provider per-
spectives on applicability of the KFRE. KFRE has been
validated in several large international patient co-
horts™'*?”>?” and has been incorporated into clinical
care guidelines in the United Kingdom,”® though some
studies have raised the possibility of variability across
geographic regions,” age,”” or disease etiology.’"”!
KFRE may overestimate risk in older people and in
those with high burden of comorbidities due to a
competing risk of death.””*” Data on calibration of the
KFRE in transplant recipients has been mixed,””** and
the KFRE may underestimate risk in patients with prior
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episodes of acute kidney injury.35 Although 2-year
KFRE has outperformed patients’ and physicians’
abilities to predict the onset of kidney failure,’® the 2-
year KFRE underestimated risk in a cohort of high-risk
patients.”’ Additional data on clinical outcomes of
subsets of patients with CKD, based on KFRE scores,
may increase provider-rated acceptability of utilizing
KFRE in clinical care.

We note several considerations in the interpretation
of our data. KFRE score documentation was quantified
conservatively: use of Patient Insight was not reported,
and we did not capture events in which providers
looked at KFRE scores on Storyboard but did not
document them in notes. We were not able to capture
specific use of the KFRE dotphrase and instead used a
text string search for “2-year KFRE”, acknowledging
limitations that if the provider edited score reporting in
any way (e.g., “2-yr KFRE"”), or documented “5-year
KFRE,” our queries would not have captured this use
of scores. Analysis was done at the note level, not at the
patient level, and would not account for variation in
documentation on a provider-level, or variation in
documentation during type of visit (e.g., providers
may only document KFRE scores the first time a patient
is seen in clinic). KFRE score reporting tools did not use
some external laboratories. Provider surveys, however,
were used as an additional method to assess provider
use of the KFRE. As a single-center study, we describe
perspectives of a single group of nephrology providers,
and additional testing would be needed to determine if
this clinical tool could feasibly be implemented in
community-based and smaller practices. Focus group
and survey participants were self-selected and may
have had greater knowledge and/or awareness of the
KFRE compared to other internal and external pro-
viders. Further qualitative analysis with additional
nephrology providers, internal and external to our
practice, would increase transferability of our qualita-
tive data. We did not assess the impact of KFRE on
patient discussions or clinical care; including albu-
minuria testing; medication management; or optimal
dialysis initiation, including placement of vascular ac-
cess. Surveys and interviews of nephrology providers
in multiple health care settings, in addition to input
from stakeholders including patients with CKD,”” could
greatly inform guidelines for KFRE implementation.
The overarching impact of provider characteristics
(e.g., length of clinic experience), clinical setting (e.g.,
private practice or academics), and patient-specific
factors (e.g., age, disease etiology, and personal pref-
erences) was not explored.

The strengths of our study include it being among
the first to describe nephrology provider utilization
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and perspectives on the use of the KFRE in routine
nephrology care, and to report implementation out-
comes of the KFRE in a United States nephrology clinic.
We also describe our institution’s method of imple-
menting the KFRE in a widely used electronic health
system, and our experiences can inform future
expansion of the KFRE to non-nephrology providers
within our institution, and to additional health care
settings nationally and globally.

In conclusion, we implemented KFRE at our insti-
tution and found that KFRE documentation increased
over time, with variability in adoption and perspec-
tives on its use among providers. Additional data
describing clinical outcomes of people managed with
KFRE risk-based thresholds, improvements in knowl-
edge about the KFRE, and clarification for provider
preferences on KFRE score reporting, can be pursued in
an effort to implement the KFRE in clinical care. Studies
of KFRE uptake and utilization in additional clinical
centers may clarify the best methods of dissemination.
Ultimately, weighing evidence along with stakeholder
input (nephrology and non-nephrology providers,
people with CKD, and policy makers) would help
define a standard for implementation of the KFRE in
clinical care.
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