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Impact of Kidney Failure Risk Prediction Clinical
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Care Management of CKD: A Randomized Pragmatic

Clinical Trial
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Rationale & Objective: To design and implement
clinical decision support incorporating a validated
risk prediction estimate of kidney failure in primary
care clinics and to evaluate the impact on stage-
appropriate monitoring and referral.

Study Design: Block-randomized, pragmatic clin-
ical trial.

Setting & Participants: Ten primary care clinics in
the greater Boston area. Patients with stage 3-5
chronic kidney disease (CKD) were included. Pa-
tients were randomized within each primary care
physician panel through a block randomization
approach. The trial occurred between December 4,
2015, and December 3, 2016.

Intervention: Point-of-care noninterruptive clinical
decision support that delivered the 5-year kidney
failure risk equation as well as recommendations
for stage-appropriate monitoring and referral to
nephrology.

Outcomes: The primary outcome was as follows:
Urine and serum laboratory monitoring test findings
measured at one timepoint 6 months after the initial
primary care visit and analyzed only in patients who
had not undergone the recommended monitoring
test in the preceding 12 months. The secondary
outcome was nephrology referral in patients with a
calculated kidney failure risk equation value of

Results: The clinical decision support application
requested and processed 569,533 Continuity of
Care Documents during the study period. Of these,
41,842 (7.3%) documents led to a diagnosis of
stage 3, 4, or 5 CKD by the clinical decision support
application. A total of 5,590 patients with stage 3, 4,
or 5 CKD were randomized and included in the
study. The link to the clinical decision support
application was clicked 122 times by 57 primary
care physicians. There was no association between
the clinical decision support intervention and the
primary outcome. There was a small but statistically
significant difference in nephrology referral, with a
higher rate of referral in the control arm.

Limitations: Contamination within provider and
clinic may have attenuated the impact of the
intervention and may have biased the result toward
null.

Conclusions: The noninterruptive design of the
clinical decision support was selected to prevent
cognitive overload; however, the design led to a
very low rate of use and ultimately did not improve
stage-appropriate monitoring.

Funding: Research reported in this publication
was supported by the National Institute of Diabetes
and Digestive and Kidney Diseases of the National
Institutes of Health under award K23DK097187.
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>10% measured at one timepoint 6 months after  Trial

the initial primary care visit.

hronic kidney disease (CKD) is increasingly prevalent,

affecting 14.9% of Americans.' National data and data
from our own institution show opportunities for
improvement in stage-appropriate monitoring, treatment,
and referral in CKD."”

The majority of patients with early CKD receive care in
primary care practices; however, specialty care is essential
for patients with progressive CKD. If patients with CKD are
referred to nephrology even 3 months before kidney
failure, there is a significant impact on morbidity, mor-
tality, and cost outcomes.”" However, early referral does
not always take place.z'5 Late referral is associated with
patient factors such as age, comorbid conditions, non-
White race, a lack of insurance, low socioeconomic sta-
tus, and low education levels.® In addition, delayed
referral is likely related to the variable rate with which CKD
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progresses to kidney failure. In 1 cohort study, half of
patients had nonlinear progression of their CKD.” It has
also been found that two-thirds of patients with kidney
failure experienced a steady decline in the 2 years before
receiving dialysis, whereas one-sixth declined rapidly."®
To address the uncertainty about the rate of decline, risk
prediction models have been developed; for example, an
8-variable model developed by Tangri et al,'' which in-
corporates age, sex, estimated glomerular filtration rate
(eGFR), urinary albumin-creatinine ratio (UACR), cal-
cium, phosphorous, albumin, and bicarbonate to estimate
S-year risk of kidney failure. The kidney failure risk
equation (KFRE) has not yet been widely adopted in pri-
mary care settings. This lack of uptake may be at least
partly because of the time it takes to locate the calculator
online and enter the laboratory values.'”'” One possible
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PLAIN-LANGUAGE SUMMARY

Early chronic kidney disease does not have symptoms.
Patients and their primary care physicians are often not
aware of the risk of progression to kidney failure and
potential need for dialysis. This project tested an elec-
tronic tool that automatically detected abnormal labo-
ratory results in the patient’s electronic health record
and calculated a risk score for the patient. The risk score
was shown to the primary care physician. Recommen-
dations for further laboratory testing or referral to a
kidney specialist were available if the physician clicked
on a link. The results of the study showed that the link
was clicked only 122 times out of 2,794 cases where it
was available. There was no significant effect on labo-
ratory testing.

strategy to overcome this barrier is to implement clinical
decision support (CDS) that automatically calculates the
KFRE value and delivers the risk estimate along with rec-
ommendations for monitoring and referral. CDS, particu-
larly interruptive CDS, has been effective in improving
stage-appropriate monitoring in CKD but not in
improving referral.' ™' Theoretically, noninterruptive CDS
would lead to less alert fatigue, garner stakeholder support,
and still be effective.'®

Our objective was to determine whether CDS could
have a positive impact on stage-appropriate monitoring
and referral. There were 3 main goals of the clinical
trial. The first was to determine whether noninterruptive
point-of-care CDS would be noticed and acted upon by
primary care physicians (PCPs). The second was to
determine whether recommendations regarding labora-
tory testing would be followed. The third was to
determine whether automatic calculation of the 5-year
KFRE value would increase referral to nephrology in
high-risk patients.

METHODS

Overall Study Design

As described previously, we developed and implemented a
noninterruptive point-of-care CDS tool.'” We evaluated
the effect of the tool in comparison with that of usual care
in a block-randomized pragmatic clinical trial. The trial
began on December 4, 2015 and included a 12-month
intervention period with a subsequent 6-month follow-
up period. The trial was registered on ClinicalTrials.gov
(NCT02990897). The protocol was approved by the
Partners Human Research Committee under approval
#2015P001366. The requirement for informed consent
was waived because patients were enrolled automatically
through the electronic health record (EHR) in this prag-
matic clinical trial and the research presents no more than a
minimal risk of harm to participants and involves no
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Figure 1. Clinical decision support application flow for patient
screening, enrollment, randomization, and delivery of interven-
tion. Abbreviations: CCD, Continuity of Care Document; CDS,
clinical decision support; CKD, chronic kidney disease; CO2,
carbon dioxide; eGFR, estimated glomerular filtration rate;
PCP, primary care physician.

procedures for which written consent is normally required
outside the research context.

Eligibility and Setting

We identified eligible patients who were older than 18
years and had a primary care visit during the 12-month
intervention period. To identify patients with CKD, we

Kidney Med Vol 4 | Iss 7 | July 2022 | 100493


http://ClinicalTrials.gov

Samal et al

Kidney Medicine

population and underwent

5590 were included in trial

randomization

i

2794 were assigned to
Intervention arm

319 received all KFRE labs

e O
within past 12 months

Received recommendation to
order laboratory tests for the
Kidney Failure Risk Equation

N=2475

!

2796 were assigned to
Control arm

357 received all KFRE labs

N .
within past 12 months

Usual Care

N=2439

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flowchart: participant enroliment, allocation, exclusion, and anal-

ysis. Abbreviations: KFRE, kidney failure risk equation.

identified 2 outpatient eGFRs of <59 mL/min/1.73 m” at
least 90 days apart. We used the CKD Epidemiology
Collaboration creatinine equation.'® Eligibility was deter-
mined by querying the EHR on an individual patient basis
by accessing an interoperability data standard called the
Continuity of Care Document (Fig 1)."” The trial was
conducted in a primary care network consisting of 11
clinics affiliated with a regional hospital in greater Boston.

Block Randomization Procedure

Because the number of patients with CKD varied be-
tween PCPs, we opted to randomize at the level of the
patient. We decided to block randomize patients in or-
der to minimize the effect of PCP-level practice patterns
with respect to outcomes. The end result was that each
PCP had an equal number of intervention arm and
control arm patients.””'” We chose a block size of 2.
There was no blinding.

CDS Intervention

Patients in the control arm received usual care (Fig 2).
For patients in the intervention arm, the noninterruptive
CDS appeared on the main screen of the EHR (Fig 3).
This risk estimate appeared on the summary screen for
patients in the intervention arm 2 days before a
scheduled primary care visit. The CDS risk estimate
text—for example, “This patient has a 12% risk of end
stage renal disease in the next 5 years”—was high-
lighted to indicate the presence of a hyperlink. The
linked webpage included the following: (1) the stage of
CKD based on the eGFR and UACR; (2) the KFRE risk
estimate; (3) CDS recommendations to order laboratory
tests and/or refer the patient to nephrology if risk is
>10%; and (4) the laboratory data used in the calcula-
tion of the risk estimate, along with data entry fields to
allow the PCP to update the values and recalculate the
risk estimate (Fig 1, Figs S1-S3). Based on user
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feedback, the serum creatinine appeared next to the
eGFR (Fig S2). The Continuity of Care Document con-
tains up to 3 values from the preceding 5 years, and any
available values were shown. However, the CDS only
prompted the PCP to repeat any laboratory tests that
were performed more than 1 year ago.

The development and implementation of the CDS appli-
cation have been described previously.'” Briefly, the CDS
consisted of a single-page application, web server, database,
and application programming interface. The CDS application
extracted the laboratory results needed to calculate and
display the patient’s 5-year KFRE value from the patient’s
Consolidated Clinical Document Architecture interopera-
bility standard Continuity of Care Document.”” The appli-
cation repeated the data extraction and calculation 1 day
before the visit. This was to mitigate the possibility that the
PCP ordered laboratory tests 1 day before the visit.

The CDS appeared at multiple visits per patient over the
12-month intervention period; however, the primary and
secondary outcomes were only assessed once per patient at a
data collection timepoint 6 months after the first PCP visit
during the intervention period. The CDS link appeared to all
users of the EHR; however, only users accessing the chart
from one of the primary care clinics included in the study
were able to open the separate webpage (the Internet Pro-
tocol addresses of the included clinics were whitelisted).

No formal training materials were provided to PCPs;
however, information sessions were held at the clinics,
which were presented by the Principal Investigator (LS)
with support from the local nephrologist clinical champion
(KB).

Data Collection
The CDS application included a database that stored the
assignment of each patient to the intervention or control

arm. The database also stored data on how often PCPs
clicked the CDS link.
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Figure 3. Partners electronic health record patient summary page showing clinical decision support hyperlink and rollover text.

Because of the conversion of the primary care network
from a homegrown EHR (Fig 2) to Epic in January 2017,
we collected baseline data on the included cohort at the
end of the intervention period. Data on outcomes were
collected from either the homegrown EHR or Epic,
depending on when the 6-month data collection timepoint
occurred for each patient.

Missing Data

Our approach toward missing data and data outside of the
risk prediction model’s calibration was described in an ap-
pendix to the previous publication.'” Briefly, values were
substituted for missing data to calculate a low-risk estimate
and a high-risk estimate for each patient. One value was
chosen based on the normal range for that laboratory test,
and a second value outside of the normal range was chosen
based on the characteristics of the original cohort included
in the development and validation study conducted by
Tangri et al,'' as described in the appendix to the publi-
cation. In other words, we presented a range of risk—for
example, “This patient has an 8.9%-11.3% risk of end stage
renal disease in the next five years.”

Outcomes and Data Analyses

Patient demographics and clinical characteristics were
aggregated in both arms of the study and assessed for
differences at baseline using y” tests”' for categorical var-
iables and robust generalized estimating equations z-
tests,””"*” both accounting for clustering by PCP.

Primary Outcome
The primary outcome was the completion of the labora-
tory tests necessary to calculate the 8-variable KFRE value.

For the primary outcome, patients who had undergone the
laboratory tests necessary for the KFRE in the preceding 12
months were not included in the analysis (Fig 2). For
example, if a patient attending a primary care visit had
undergone all of the laboratory tests necessary to calculate
the KFRE value in their electronic record, no CDS recom-
mendation was displayed (Fig S2; this patient would not
be included in the analysis of the primary outcome). The
primary outcome was assessed at a 6-month timepoint
after the primary care visit, which allowed time for pa-
tients to follow through on the PCP’s orders for the lab-
oratory tests. A 3-month and a 12-month timepoint were
considered; however, 3 months was deemed to be too
short because of patient delays in visiting the laboratory
and 12 months was deemed to be too long because of the
effect that intervening visits could have (ie, washing out
the effect of the intervention).

The association of the intervention with the primary
outcomes was assessed with logistic regression,”” ac-
counting for clustering by PCP. Because of a lack of dif-
ferences at baseline (as expected because of patient-level
randomization), only unadjusted analyses were performed.

Secondary Outcomes

The UACR is a component of the KFRE but was examined
separately as a secondary outcome because it is recom-
mended for stage-appropriate monitoring in CKD. The
recommendation to order the UACR may have appeared as
the only recommendation or may have accompanied other
recommendations (Fig S1). The outcome was also assessed
only in those patients who did not have a UACR in the
previous 12 months, and the outcome was also assessed at
a 6-month timepoint after the primary care visit.

Kidney Med Vol 4 | Iss 7 | July 2022 | 100493
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Table 1. Demographic and Clinical Characteristics at Baseline
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Patient characteristics Total (N = 5,590) Intervention (N = 2794) Control (N =2796) P Value
Age (y), mean (SD) 77.20 (10.90) 77.25 (10.90) 76.96 (10.90) 0.29
Male sex, n (%) 2,173 (38.87%) 1,088 (38.94%) 1,085 (38.81%) 0.90
Race/ethnicity, n (%)
White 5,397 (96.56%) 2,700 (96.67%) 2,697 (96.46%) 0.67
Non-White 192 (3.44%) 93 (3.33%) 99 (3.54%)
Marital status, n (%)
Married 2,544 (45.51%) 1,275 (45.63%) 1,269 (45.39%) 0.84
Single or other 3,046 (54.49%) 1,519 (54.37%) 1,527 (54.61%)
Tobacco use, n (%)
Current 379 (6.78%) 192 (6.87%) 187 (6.69%) 0.85
Former 2,434 (43.54%) 1,225 (43.84%) 1,209 (43.24%)
Never 2,777 (49.68%) 1,377 (49.28%) 1,400 (50.07%)
Insurance status, n (%)
Public 4,229 (75.65%) 2,133 (76.34%) 2,096 (74.96%) 0.38
Private 1,354 (24.22%) 658 (23.55%) 696 (24.89%)
Self-pay 7 (0.13%) 3 (0.11%) 4 (0.14%)
Diabetes 1,773 (32%%) 879 (32%%) 894 (32%)
Charlson comorbidity index, median (IQR) 2.00 (1.00-4.00) 2.0 (1.0-4.0) 2.0 (1.0-4.0) 0.82
KFRE characteristics
KFRE risk, median (IQR) 2.30 (1.10-5.60) 2.20 (1.10-5.50) 2.30 (1.20-5.70) 0.35
KFRE risk >10%, n (%) 840 (15.03%) 419 (15.00%) 421 (15.06%) 0.95

Abbreviations: IQR, Interquartile range; KFRE, kidney failure risk equation; SD, standard deviation.

Nephrology referral was examined as a secondary
outcome in the subgroup of patients with a risk estimate of
>10% (Fig S3) or an estimated range of risk exceeding
10% (Fig S4). The outcome was assessed in patients
regardless of whether they had seen a nephrologist in the
preceding 12 months and was assessed at a 6-month
timepoint after the primary care visit (Fig S5).

Formal and Informal Feedback from PCPs

In a previously published qualitative study, we interviewed
PCPs about CKD management and the potential for a CKD
CDS system.”* We developed the application in parallel
with the qualitative study; thus, we were able to show
PCPs a screenshot of the CDS application to gather feedback
formally. We also gathered informal feedback during site
visits to the clinics included in the clinical trial.

RESULTS

The CDS application requested and processed 569,533
Continuity of Care Documents during the period between
December 4, 2015, and December 3, 2016. Of these,
41,842 (7.3%) documents led to a diagnosis of stage 3, 4,
or 5 CKD in a total of 5,590 patients.

There were no differences in the patients with CKD at
baseline (Table 1). Patients were predominantly White and
more than half were women. The mean age was 77 years.
The majority of patients used public insurance, and the
median Charlson comorbidity index was 2.00.

Upon enrollment, only 319 (319 of 2,794 = 11%)
patients in the intervention arm and 357 (357 of 2,796 =
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13%) patients in the control arm had the laboratory test
values necessary to calculate the KFRE value at baseline.
One of the laboratory tests necessary to calculate the KFRE
value, the UACR, was only present in 874 (874 of 2,794 =
31%) patients in the intervention arm and 931 (931 of
2,796 = 33%) patients in the control arm at baseline. For
the rest of the patients who did not have the laboratory test
values necessary to calculate the KFRE value, it was esti-
mated using methods to substitute 2 possible values for
each missing value to produce a range of risk, as described
in the Methods section.

There was no difference in the median KFRE risk or the
proportion of patients with a KFRE risk of >10% between
the 2 arms (Table 1).

The CDS link was displayed for intervention patients to
139 PCPs. Overall, the CDS link was clicked just 122 times
by 57 PCPs. Only 14 PCPs clicked the link more than once,
with the heaviest user clicking the link 20 times and the
second heaviest user clicking the link 19 times. The
intervention patients for whom the link was clicked
included 26 (21%) who had the KFRE laboratory tests
done at baseline (not included in analysis), 23 (19%)
whose PCP subsequently ordered the KFRE laboratory tests,
and 73 (60%) who neither had the KFRE laboratory test
values at baseline nor in the subsequent 6 months. Only 22
of these 122 intervention patients for whom the link was
clicked had a KFRE risk of >10%. Three (14%) patients had
seen a nephrologist in the preceding 12 months; 6 patients
(27%) were subsequently referred to nephrology in the
following 6 months, and 13 (60%) were not referred
before the study or in the subsequent 6 months.
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Figure 4. Comparison of the proportion of patients with completion of tests or referrals. (A) Primary outcome: completion of tests
necessary for calculation of the kidney failure risk equation in the intervention arm versus in the control arm patients. (B) Secondary
outcome: completion of urinary albumin-to-creatinine ratio test in the intervention arm versus in the control arm patients. (C) Second-
ary outcome: completion of nephrology consultation for patients with a risk estimate of >10% in the intervention arm versus in the

control arm patients.

Primary Outcome

There was no significant impact of the intervention on the
primary outcome. The proportion of patients for whom
the PCP ordered the laboratory tests necessary to calculate
the KFRE value was minimally higher at 6 months in the
intervention arm than in the control arm; however, the
difference was not significant: 6.95% (95% confidence
interval [CI], 5.57%-8.33%) versus 6.56% (95% CI,
5.22%-7.90%), P = 0.61 (Fig 4A); difference in pro-
portions, 0.39% (95% CI, —1.11% to 1.89%).

Secondary Outcomes

In the 1,920 intervention arm patients who had not had a
UACR in the preceding 12 months compared with the
1,865 control arm patients who had not had a UACR in the
preceding 12 months, the proportion of patients for
whom the PCP ordered the UACR test was minimally
higher in the intervention arm than in the control arm;
however, the difference was not significant: 14.90% (95%
CI, 11.90%-17.89%) versus 14.32% (95% CI, 11.26%-
17.38%); P = 0.54 (Fig 4B); difference in proportions,
0.58 (95% CI, —1.3% to 2.5%).

For 840 patients with a KFRE risk of >10%, there was a
statistically significantly lower proportion of nephrology
referral in the intervention arm than in the control arm:
118 of 419 (28.16%; 95% CI, 22.48%-33.84%) versus
161 of 421 (38.24%; 95% CI, 32.82%-43.67%; P =0.01)

(Fig 4C); difference in proportions, —10.1%
CI, —3.0% to —17.2%).

(95%

Formal and Informal Feedback from PCPs

As described in the Methods section, we collected formal
feedback from PCPs in a qualitative study and informal
feedback during visits to the clinics involved in the
study.74 In the qualitative study, when we showed PCPs a
screenshot of the CDS application, all 12 PCPs thought that
the CDS would raise their awareness of a patient’s
increased risk of developing worsening CKD. Many PCPs
appreciated the exact percentage estimate for 5-year kidney
failure risk. Some PCPs requested additional information
about the patient’s context for example, the results of
recent serum creatinine, potassium, eGFR, hemoglobin
A,., hemoglobin, and urinalysis, comorbid conditions
such as diabetes, hypertension (including most recent
blood pressure reading), multiple myeloma, and history of
kidney transplant, or relevant medications. In addition,
several PCPs made comments about their lack of familiarity
with the KFRE and what type of information could make it
more useful. For example, 1 PCP said “I think the concept
of what the five year kidney failure risk is, is totally
foreign,” then went on to compare the concept to the
Framingham study risk estimate, saying “definitely, that
number prompts action whether my patients’ risk of a
heart attack is 4% or 10% over the next decade.” Another
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PCP made a similar comparison, “At the beginning I
wouldn’t have a feel for what the five year risk is. But
we've gotten better at that for cardiovascular disease,” and
went on to say that knowing which risk factors could
lower risk would be helpful. Several PCPs mentioned that
the risk estimate would not prompt referral for elderly
patients or those with active malignancy.

During the course of the study, the Principal Investi-
gator visited 10 of the 11 primary care clinics included in
the clinical trial either for a noon conference or to spend a
half day observing clinic workflow. There were 2 examples
of unique clinic workflows: 1 clinic had a point-of-care
UACR machine and another clinic had a team-based care
model where nonphysician staff members reviewed CDS
recommendations and prefilled test orders. During the
visits, PCPs gave informal feedback to the Principal
Investigator. Generally, PCPs cited lack of time and lack of
familiarity with the KFRE as reasons for not clicking the
CDS link. One PCP said that she was afraid to click the link
because she was not sure if it would exit the patient’s
chart. Another PCP said that she did not have time to click
the link, but she copied the risk estimate and pasted it into
her note. She also mentioned that the appearance of a
range of risk alerted her to the fact that there were missing
laboratory test values.

DISCUSSION

Our study found no effect of the intervention on stage-
appropriate monitoring. The only statistically significant
finding was that, within the subgroup of patients with a
KFRE risk of >10%, patients in the control arm had a higher
proportion of nephrology referral than patients in the
intervention arm, an absolute difference of 43 patients.
Although this is a small absolute number of patients, it is
worthwhile to consider possible explanations. For one, the
subgroup of control arm patients with a KFRE risk of >10%
may have had higher KFRE risk than that in the parallel
subgroup of intervention patients or may have had more
severe illness in other, unmeasured ways. Arguing against
this possibility is the fact that the proportion of patients with
KFRE risk was balanced across the arms, and the median
KFRE risk was equal across the arms. Another possibility is
that the intervention detracted attention from appropriate
management, thereby discouraging PCPs from referring
high-risk patients to nephrology. However, this is unlikely
given that the CDS recommendations were only viewed 122
times out of the 2,794 cases where it was available.

Multiple factors may have contributed to the lack of
observed effect on the primary outcome. Given the low
number of times that PCPs clicked on the link, we know that
the CDS recommendations were not viewed often. Interruptive
CDS is generally more effective but contributes to pop-up fa-
tigue; hence, alternate designs for CDS are necessary.” ™"

It is worth highlighting that the overall rate of UACR
monitoring was low at baseline, around 30%, and that the
rate of new orders for UACR tests over the subsequent 6
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Kidney Medicine

months in both the control and intervention arms was
~ 15%. The proportion of patients with UACR at baseline
in the development cohort for the original Tangri publi-
cation was only 1,723 of 3,449 (50%).'' In the subse-
quent multinational validation study, the proportion of
patients with UACR ranged from 9%-99% across 31 co-
horts, totaling 721,357 patients.”” Of note, in a more
recent study conducted in the Mass General Brigham health
system of 61,546 patients, the UACR rate was also 30%.%°

The lack of intended effect of the CDS can be examined
in the context of the Five Rights of CDS: the right infor-
mation, to the right person, in the right format, through the
right channel, at the right point in the workflow.”” In the
case of this unsuccessful intervention, the last 2 “rights,” the
right channel and the right point in the workflow, were
lacking. Informal observation in the primary clinics also
revealed at least 1 instance where the CDS was not viewed
by the right person. A second factor contributing to the lack
of effect is that we included all patients with stage 3-5 CKD
who were seen in this network of primary care clinics,
which resulted in an elderly population with a considerable
level of comorbid conditions, some of whom were pallia-
tive care patients. PCPs are appropriately disinclined to refer
patients to specialists in such a population. Even for those
younger patients with stage 3 CKD, as we learned through
the qualitative study, PCPs are inclined to focus on man-
aging comorbid conditions such as diabetes and hyperten-
sion, which are, in turn, relevant to the management of
CKD progression.24 Therefore, inclusion of other clinical
outcomes like hemoglobin A,- and blood pressure may
have shown other downstream effects of increased aware-
ness of the risk of kidney failure. Third, in reference to
nephrology referral, the formal feedback from PCPs pointed
to a lack of familiarity with the KFRE and reluctance to use
the information in the decision to refer a patient. Fourth,
there are many patient-level and PCP-level barriers that
cannot be addressed solely through CDS. For example, the
majority of patients with CKD are not aware of the diag-
nosis.’” There are many barriers in primary care, including a
lack of time to counsel and educate patients, the challenge of
staying current with guidelines for multiple chronic con-
ditions, and the unintended burden of EHRs.?'

Our findings are similar to the results of other studies of
noninterruptive CDS that have failed to show a significant
impact on process outcomes and clinical outcomes in
CKD.’”*’ In particular, a study of passive alerts for CKD
monitoring and referral in a primary care setting failed to
show an effect on nephrology referral, although it did show
an effect on the UACR.'* The authors attributed the positive
effect to additional education and quality improvement
initiatives, suggesting that CDS should be part of a multi-
component intervention. Multicomponent interventions
should be studied within an Implementation Science
framework to determine which components are consistently
deployed and which components have the most impact.

The trial’s limitations include our choice to block
randomize patients rather than providers to ensure balance
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of patients in each arm. This approach leads to contami-
nation. We also used clustering to account for PCP-level
effects, which biases the study result toward null. We
designed the CDS application to calculate the 8-variable
version of the KFRE, although a 4-variable version has
been validated in a multinational set of patient cohorts and
is currently more commonly used. However, if the trial
result had been positive, updating the CDS application
would have required a trivial amount of reprogramming.
We used a pragmatic clinical trial approach in a primary care
setting, which allowed higher enrollment and less biased
enrollment than that possible with a traditional clinical trial.
However, this enrollment approach is still limited and does
not represent prevalent cases of CKD overall. The reasons are
as follows: PCPs may not have ordered stage-appropriate
monitoring tests, patients may not have completed the
tests, or patients may not have had regular primary care
visits within the timeframe captured by the CCDA docu-
ment. Specifically, we only included patients who had at
least 2 eGFR results in the previous 5 years, which lowered
the generalizability of the study to the large reservoir of
patients who do not benefit from consistent monitoring of
kidney function. From a public health perspective, resources
should be focused on identifying groups at a high risk of
developing CKD who are not engaged in primary care to
realize the greatest benefit of tools such as the KFRE.™

In conclusion, this pragmatic randomized controlled
trial of noninterruptive CDS delivering the KFRE to PCPs
failed to show an effect on stage-appropriate monitoring
and referral. Future efforts should include multicomponent
interventions, community-based screening of high-risk
populations, and population health management of pa-
tients at a high risk of kidney failure.
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Figure S1: CDS recommendation to order UACR and serum
phosphorus for a patient who had not received these tests in the
past 12 months.

Figure S2: No CDS recommendation for a patient who had received
all of the labs necessary to calculate KFRE in the past 12 months.
This patient would have been excluded from the analysis of the
primary outcome because no action was recommended to the PCP.
Figure S3: CDS recommendation to refer patient to nephrology due
to risk estimate >10%.

Figure S4: Two CDS recommendations to 1) refer patient to
nephrology due to estimated range of risk which exceeds 10% and
2) order lab tests necessary to calculate KFRE.

Figure S5: CONSORT flowchart: Participant enrollment, allocation,
exclusion, and analysis for secondary outcome of nephrology referral.
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