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ABSTRACT

BACKGROUND: Guidelines recommend
nephrology referral for people with
advanced non-dialysis-dependent
chronic kidney disease, based mostly on
survival benefits seen in retrospective
studies of dialysis patients, which may
not be generalizable to the broader
population with chronic kidney disease.
We aimed to examine the association
between outpatient nephrology consul-
tation and survival in adults with stage 4
chronic kidney disease.

METHODS: We linked population-based
laboratory and administrative data from
2002 to 2014 in Alberta, Canada, on
adults with stage 4 chronic kidney dis-
ease (sustained estimated glomerular fil-

tration rate > 15 to < 30 mL/min/1.73 m?
for > 90 d), who had never had kidney
failure and had had no outpatient
nephrology encounter in the 2 years pre-
ceding study entry. Participants who had
never had an outpatient nephrology visit
before renal replacement treatment
were considered “unexposed.” Partici-
pants who saw a nephrologist during fol-
low-up were considered “unexposed”
before the first outpatient nephrology
visit and “exposed” thereafter. The pri-
mary outcome was all-cause mortality.

RESULTS: Of the 14382 study participants
(median follow-up 2.7 yr), 64% were aged
> 80 years, 35% saw a nephrologist and
66% died during follow-up. Nephrology

consultation was associated with lower
mortality (hazard ratio [HR] 0.88, 95%
confidence interval [CI] 0.82-0.93). The
association was strongest in people
< 70 years (HR 0.78, 95% Cl, 0.65-0.92),
progressively weaker with increasing age,
and absent in people = 90 years (HR 1.05,
95% Cl10.88-1.25).

INTERPRETATION: The survival benefit
of nephrology consultation in adults
with stage 4 chronic kidney disease may
be smaller than expected and appears
to attenuate with increasing age. These
findings should inform recommenda-
tions for nephrology referral considering
the advanced age of the patient popula-
tion meeting current referral criteria.

structure or function for more than 3 months,! is associ-

ated with an increased risk of kidney failure and cardio-
vascular events.?* Worldwide, chronic kidney disease rose from
the 27th leading cause of death in 1990 to 18th in 2010.* Studies
have reported that chronic kidney disease affects up to 15% of
adults globally,>" and that its prevalence increases with age,
being as high as 65% in people older than 80 years.® The extent to
which the estimated high prevalence of chronic kidney disease
merely reflects the changing worldwide aging population is
unclear.**! Because the condition is so common, primary care
providers are responsible for caring for most people with non-
dialysis-dependent chronic kidney disease. To maximize patient
benefits and optimize the use of limited health resources,
family physicians must decide whom to refer for nephrology care.

C hronic kidney disease, defined as abnormalities of kidney

Guidelines'*>** recommend referral to a nephrologist for people
with stages 4-5 chronic kidney disease, defined by estimated glomer-
ular filtration rate (eGFR) < 30 mL/min/1.73 m? These recommenda-
tions are based largely on observational studies showing several
benefits of nephrology referral, including a 40% reduction in mortal-
ity after initiation of dialysis in people who received longer predialy-
sis nephrology care. However, existing evidence is of low-to-moderate
quality and may be biased.* First, most studies focused on the small,
selected population of patients with chronic kidney disease who
have survived long enough to develop kidney failure, and are not rep-
resentative of the target population for nephrology referral:** many
candidates for referral will never start dialysis because their disease
doesn’t progress, they choose not to receive dialysis, or they die
before they progress to kidney failure.!> Second, previous studies
looked backward from an event, such as date on which dialysis was
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begun, to define the optimal timing for nephrology referral, rather
than defining a cohort based on information that is available to the
treating physicians when they are contemplating referral. The “look-
back” approach assumes that physicians know the time to kidney
failure or the pace of disease progression in advance — neither is pre-
dictable. Finally, earlier studies have failed to address confounding
by changes in health status over time properly, assuming that
nephrology care improves the course of chronic kidney disease and
other comorbid conditions. However, longer duration of care may be
a surrogate for a healthier population with less aggressive disease
and a better prognosis, regardless of nephrology involvement. ¢

We investigated the association between nephrology consul-
tation and all-cause mortality in a population-based cohort that
included adults who met recommended criteria for nephrology
referral.11213> We used a “look-forward” approach to study this
association and applied recommended methods to address con-
founding in longitudinal designs.® Given the increasing preva-
lence and uncertain clinical meaning of chronic kidney disease
with advancing age,® ' we also investigated whether age modi-
fies the association between nephrology consultation and mor-
tality to identify age-defined patient subgroups who are most
likely to benefit from nephrology consultation.

Methods

Study design and study cohort

We conducted a population-based cohort study (eFigure 1, Appen-
dix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.181372/-/DC1), using linked administrative and laboratory
data from Alberta, Canada.?® We included Alberta residents aged
18 years or older with stage 4 chronic kidney disease, defined
based on at least 2 consecutive outpatient eGFR measurements of
>15 and <30 mL/min/1.73 m? (estimated using the Chronic Kidney
Disease Epidemiology Collaboration equation), made over a
period longer than 90 days, between July 30, 2002, and Mar. 31,
2014.11019 We used the first eGFR after the 90-day qualifying period
to define study entry. We applied the criteria of range of eGFR val-
ues > 15 and < 30 mL/min/1.73 m? and duration for more than
90 days to minimize the inclusion of people with acute kidney injury
or unstable clinical conditions, and maximize the inclusion of
people with sustained stage 4 chronic kidney disease — those who
were eligible for referral in an outpatient setting and were facing a
referral decision.! The study end date was Mar. 31, 2015, allowing for
at least 1 year of follow-up for all study participants. We excluded
people who received renal replacement therapy before study entry
(nephrologists provide renal replacement therapies in Canada), or
had an outpatient eGFR measurement < 15 mL/min/1.73 m? before
study entry (the reasons and outcomes of nephrology referral in
stage 5 chronic kidney disease may differ from those of stage 4), or
who saw a nephrologist in an outpatient setting in the 2 years pre-
ceding study entry (they were not facing a referral decision).

Exposure

We identified the first outpatient nephrology visit after study
entry, based on provider specialty and location of visit recorded
in the Alberta Health Physician Claims database. We defined

participants as “unexposed” if they never received an outpatient
nephrology visit during follow-up, or the first outpatient nephrol-
ogy visit during follow-up occurred after they had started renal
replacement therapy. We defined participants as “unexposed”
before the first outpatient nephrology visit and “exposed”
thereafter, regardless of whether they continued to see a
nephrologist or not.

Outcome

We ascertained all-cause mortality using a linkage to data from
Alberta Vital Statistics.?’ We followed participants from study
entry until the date of death or censoring, which was the earliest
of outmigration from the province or study end.

Covariates

Baseline covariates

We considered demographics, health system factors, kidney
health measures, overall health status and drugs dispensed as
potential confounders (see Appendix 1 for details).

Time-varying covariates

We considered laboratory covariates (eGFR and albuminuria),
the occurrence of cardiovascular and cerebrovascular events
(congestive heart failure, myocardial infarction, stroke and tran-
sient ischemic attack) and measures of functional status (long-
term care) and illness severity (length of hospital stay) as time-
varying confounders (Appendix 1).

Statistical analysis

Descriptive analyses

We described baseline characteristics in “unexposed” and
“exposed” groups. To characterize patterns of nephrology con-
sultation, we summarized the cumulative incidence, accounting
for the competing risk of death, across baseline age categories
(<70, 70-79, 80-89 and > 90 yr); we also studied the influence of
key baseline conditions (congestive heart failure, myocardial
infarction, stroke, dementia and cancer) on the cumulative inci-
dence of nephrology consultation, across the same age categories.
We used the Gray test to compare cumulative incidence func-
tions of nephrology consultation and death for different baseline
age groups.?2 We described overall crude mortality using the
Kaplan-Meier method.

Association between nephrology consultation and mortality
We used a time-varying definition of the exposure to address
immortal time bias.? In all analyses, we used methods address-
ing time-varying confounding potentially affected by previous
exposure (i.e., nephrology consultation).!” For example, eGFR
changes over time may influence the referral decision and mor-
tality (confounding), but may also be affected by nephrology
care (mediation). To address both immortal time bias and time-
varying confounding without removing indirect effects, we used
the sequential Cox approach in main analyses (see Appendix 1
for details).*®
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Effect-measure modification

We assessed whether the association between nephrology con-
sultation and mortality differed across age categories and across
groups defined by timing from study entry to the first outpatient
nephrology visit (< 1, > 1 and < 2, > 2 yr). We tested interactions
using likelihood ratio tests. After formal statistical testing, we
reformulated the same 2 models using dummies to summarize
the hazard ratios (HRs) associated with nephrology consultation
across the categories defining each modifier.

Sensitivity analyses

We assessed the robustness of main analyses using marginal struc-
tural Cox models'”?* (another method to address time-varying con-
founding in longitudinal studies). We also repeated sequential Cox
regression in propensity score-matched pairs of observations
within each “mini-trial” (eTables 1-2, Appendix 1). To decrease the
influence of functional changes in eGFR, we repeated all analyses
by using a less stringent definition of stage 4 chronic kidney dis-
ease, based on moving average eGFR > 15 and <30 mL/min/1.73 m?
consistently for more than 90 days® (see Appendix 1 for details).

Other considerations

We verified the proportional-hazards assumption using graphical
methods based on residuals. We used R (version 3.5.0) and Stata
(version 14) for all analyses. We used a 2-sided p value of < 0.05
for statistical significance.

Ethics approval

This study was approved by the Conjoint Health Research Ethics
Board of the University of Calgary, with a waiver of patient
consent.

Results

Baseline characteristics

Of the 14382 study participants (Figure 1), 64% were aged
80 years or older (mean age 81 + 10 yr) and 35% saw a nephrolo-
gist during follow-up (median time-to-visit 7.9 mo from study
entry; interquartile range 2.5-20.8 mo). Exposure groups dif-
fered in baseline demographics and key laboratory and clinical
characteristics (Table 1). Patients who saw a nephrologist were

4744 659 adults registered within Alberta Health

(Apr. 1,1994-Mar. 31, 2015)

Y

Met the eGFR criterion for referral
n=25105

Included in the study cohort
n=14382

Exposed (had an outpatient
nephrology visit during
follow-up)

n=5013 (35%)

Excluded n=4719 554

« Without outpatient creatinine measurements n=1713 840

« Without eGFR measurements = 15 and <30 mL/min/1.73 m?
n =2954 061

« Without at least 2 eGFR measurements = 15 and
<30 mL/min/1.73 m2 n =25379

« Without at least 2 consecutive eGFR measurements = 15 and
<30 mL/min/1.73 m2for>90d n =21995

«Were < 18yratindex rate n =10

« Index eGFR was not between July 30, 2002, and Mar. 31,2014
n =4266

«Died onindex date n =3

Excluded n=10723

« Underwent dialysis before index date n=1260

« Underwent kidney transplantation before index date n =54

« Had history of eGFR < 15 mL/min/1.73 m? before index date n =1691

« Visited a nephrologistin an outpatient setting in the 2 years before
index date n =7718

Unexposed (never had an
outpatient nephrology
visit before renal
replacement treatment)

n =9369 (65%)

Figure 1: Derivation of study cohort. Note: eGFR = estimated glomerular filtration rate.
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Table 1 (part 1 of 2): Characteristics of participants at study entry

Characteristics

Demographics
Age, yr, mean +SD
Median, yr (IQR)
18-44 yr
45-69 yr
70-79 yr
80-89 yr
=90 yr
Men
First Nations
Rural residence
Health system factors
Period of study entry
2002-2004
2005-2009
2010-2014
Primary care network attachment
Renal factors
Index eGFR, mL/min/1.73 m?, median (IQR)
25-29
20-24
15-19
Disease duration, d, median (IQR)
91-180
181-365
366-730
>730
eGFR trajectory, mL/min/1.73 m?/yr
Improve >5
Improve or decline<5
Decline>5to <10
Decline>10
Prior eGFR, mL/min/1.73 m?
=60
=30to <60
Unmeasured
Albuminuria
Normal or mild
Moderate
Severe

Unmeasured

Outpatient nephrology visit > 2 years before study entry

Exposed* no. (%)t

n=5013

75.7+10.7

77.7 (70.1-83.1)

78 (1.6)
682 (13.6)
2253 (44.9)
1774 (35.4)

226 (4.5)
2219 (44.3)

126 (2.5)
801 (16.0)

1165 (23.2)
2100 (41.9)
1748 (34.9)
2436 (48.6)

24.9 (21.5-27.4)

2449 (48.9)
1722 (34.4)
842 (16.8)

144 (108-230)

3194 (63.7)
1268 (25.3)
451 (9.0)
100 (2.0)

779 (15.5)
2356 (47.0)
804 (16.0)
1074 (21.4)

90 (1.8)
3876 (77.3)
1047 (20.9)

2360 (47.1)
1139 (22.7)
1450 (28.9)
64 (1.3)
814 (16.2)

Unexposed* no. (%)t

n=9369

84.5 +8.5

85.6 (80.3-90.2)

20(0.2)
246 (2.6)
1962 (20.9)
4728 (50.5)
2413 (25.8)
3175 (33.9)
90 (1.0)
1589 (17.0)

2126 (22.7)
3763 (40.2)
3480 (37.1)
4974 (53.1)

25.5(22.4-217.8)

5120 (54.6)
3068 (32.7)
1181 (12.6)

166 (112-280)

5151 (55.0)

2758 (29.4)

1141 (12.2)
319 (3.4)

1551 (16.6)
4922 (52.5)
1321 (14.1)
1575 (16.8)

152 (1.6)
7294 (77.9)
1923 (20.5)

5436 (58.0)
1738 (18.6)
1203 (12.8)
992 (10.6)
825 (8.8)

Standardized
differencet

-0.91
0.14
0.41
0.53

-0.31

-0.62
0.14
0.21
0.12

-0.03

0.01
0.04
-0.05
-0.09

-0.15
-0.12
0.03
0.12
-0.17
0.18
-0.09
-0.10
-0.09

-0.03

-0.11
0.05
0.12

0.01
0.01
-0.01

-0.22
0.10
0.40

-0.40
0.23
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Table 1 (part 2 of 2): Characteristics of participants at study entry

Characteristics

Comorbidities
Alcohol misuse
Atrial fibrillation
Cancer, lymphoma
Cancer, metastatic
Cancer, nonmetastatic (breast, cervical, colorectal, lung, prostate)
Congestive heart failure
Chronic pain
Chronic pulmonary disease
Cirrhosis
Dementia
Depression
Diabetes
Hypertension
Myocardial infarction
Peripheral vascular disease
Stroke or transient ischemic attack
Long-term care
Hospital stay within 1 year before study entry, d
0
1-7
8-14
15-28
>28
Drugs dispensed
ACEls or ARBs
No
Yes
Data missing
Statins
No
Yes
Data missing
NSAIDs
No
Yes

Data missing

Exposed* no. (%)t
n=5013

176 (3.5)
1034 (20.6)
52 (1.0)
85 (1.7)
398 (7.9)
1596 (31.8)
370 (7.4)
1592 (31.8)
32(0.6)
284 (5.7)
506 (10.1)
2520 (50.3)
4617 (92.1)
600 (12.0)
371 (7.4)
1156 (23.1)
369 (7.4)

3354 (66.9)
630 (12.6)
379 (7.6)
299 (6.0)
351 (7.0)

878 (17.5)
3831 (76.4)
304 (6.1)

2268 (45.2)
2400 (47.9)
345 (6.9)

3502 (69.9)
1103 (22.0)
408 (8.1)

Unexposed* no. (%)t
n=9369

289 (3.1)
3019 (32.2)
105 (1.1)
266 (2.8)
853 (9.1)
4571 (48.8)
647 (6.9)
3523 (37.6)
56 (0.6)
2199 (23.5)
1202 (12.8)
3568 (38.1)
8628 (92.1)
1251 (13.4)
672 (7.2)
2919 (31.2)
2247 (24.0)

5677 (60.6)
1154 (12.3)
702 (7.5)
716 (7.6)
1120 (12.0)

2782 (29.7)
6487 (69.2)
100 (1.1)

6085 (64.9)
3168 (33.8)
116 (1.2)

7399 (79.0)
1837 (19.6)
133(1.4)

Standardized
differencet

0.02
-0.27
-0.01
-0.08
-0.04
-0.35

0.02
-0.12

0.01
-0.52
-0.09

0.25

0.00
-0.04

0.01
-0.18
-0.47

0.13

0.01

0.00
-0.07
-0.17

-0.29
0.16
0.27

-0.40
0.29
0.29

-0.21
0.06
0.32

Note: ACEls = angiotensin-converting enzyme inhibitors, ARBs = angiotensin receptor blockers, eGFR = estimated glomerular filtration rate, IQR = interquartile range,

NSAIDs = nonsteroidal anti-inflammatory drugs, SD = standard deviation.

*Exposed: patients who had an outpatient nephrology visit during follow-up; unexposed: patients who never had an outpatient nephrology visit before renal

replacement treatment.
TUnless stated otherwise.
tStandardized differences > 0.1 are considered clinically important.
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Figure 2: Probabilities of nephrology consultation and death by age.

younger, more likely to be male, and to have more rapid kidney
function deterioration, severe albuminuria, outpatient
nephrology encounters more than 2 years before study entry,
and diabetes. They were less likely to have a history of atrial
fibrillation, congestive heart failure, chronic pulmonary dis-
ease, dementia, stroke or transient ischemic attack, long-term
care, or prolonged hospital stay. They were more likely to have
been dispensed angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers and statins prior to nephrology
consultation.

Probability of nephrology consultation

With increasing age, participants were less likely to see a nephrol-
ogist and more likely over time to die (p < 0.001) (Figure 2). The
incidence of nephrology consultation across age groups also dif-
fered by baseline comorbidity (p <0.001) (eFigure 2, Appendix 1).
For example, in people younger than 80 years, a history of con-
gestive heart failure, cancer or dementia was associated with a
reduced probability of nephrology consultation. History of myo-
cardial infarction or stroke did not modify the relationship
between age and nephrology consultation.

Crude mortality

Over a median follow-up of 2.7 years (interquartile range 1.3-
4.9), 66% participants died. The overall crude mortality was 21%
within the first year of follow-up and about 19% per year in sub-
sequent years (Table 2).

Table 2: Overall crude mortality by follow-up times

Mortality rate per
Follow-up No. of Person- 100 person-years
time, yr deaths years (95% Cl)
0-1 2744 12916 21 (20-22)
1-2 1915 10 106 19 (18-20)
2=3 1348 7586 18 (17-19)
3-4 1065 5663 19 (18-20)
4-5 817 4155 20 (18-21)
>5 1668 8864 19 (18-20)
Total 9557 49289 19 (19-20)

Note: CI = confidence interval.

Association between nephrology consultation and
mortality

Overall, nephrology consultation was associated with 12% lower
mortality compared with no consultation (HR 0.88; 95% confi-
dence interval [CI] 0.82-0.93). The association varied by baseline
age, being strongest in people younger than 70 years, weaker in
those aged 70-89 years, and nonsignificant for those aged
90 years or older (Diyencion 0-006). The association was larger in
people who saw a nephrologist within 1 year of study entry and
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HR HR 95% Cl

|

Model 1: Overall |
Yes v. no —— | 0.88  (0.82-0.93)

|

Model 2: By baseline age, yr :
<70 —_— 0.78  (0.65-0.92)
70-79 —— 0.89  (0.80-0.98)
80-89 —&— 0.90  (0.83-0.97)
>90 —:-— 1.05  (0.88-1.25)

|

|

Model 3: By timing of visit, yr |
<1 - | 0.83  (0.77-0.89)
>1tos<2 — 0.95  (0.85-1.05)
>2 —a— 0.96  (0.87-1.07)

I |

0.5 0.75 1 1.5

Figure 3: Association between nephrology consultation and mortality. Hazard ratios (HRs) and 95% confidence intervals (Cls) are from the sequential
Cox modelling. See Appendix 1 (Supplemental Methods and eTable 3) for covariates adjusted for in overall analysis (Model 1) and their HRs (95% Cls).

nonsignificant in those seen more than 1 year after study entry
(Pinteraction 0.004) (Figure 3). Results were similar in sensitivity analy-
ses (eFigure 3, Appendix 1).

Alternative definition of stage 4 chronic kidney disease

In the sensitivity analyses using moving average eGFR to study
the impact of less stringent nephrology referral criteria, we
included 20459 participants. Compared with the main cohort, we
observed a similar pattern of nephrology consultation, overall
mortality rate and association between nephrology consultation
and mortality overall, by baseline age, and by timing of visit
(eTables 4-5, eFigures 4-6, Appendix 1).

Interpretation

In this population-based study of adults with stage 4 chronic kidney
disease, we found that the potential survival benefit of nephrology
consultation may be smaller than previously described and
appeared weaker with increasing patient age. Importantly, we found
that as many as two-thirds of people meeting the nephrology referral
criterion of stage 4 chronic kidney disease are 80 years of age or
older, and two-thirds of study participants died during follow-up.
Age-related prognostic factors and competing demands for
management of comorbidities in older adults may partly explain
the small survival benefit of nephrology care and a progressively
weaker association with older age. Further, stage 4 chronic kid-
ney disease in older adults may be a result of a physiologic
decline in eGFR as opposed to a progressive disease.? These con-
siderations raise the question of the appropriateness of applying
universal eGFR-based criteria to define chronic kidney disease
and recommend nephrology referral, irrespective of age.’* We

also observed that people who did see a nephrologist and those
who did not differed in many important clinical characteristics,
which may substantially influence the decision to refer for
nephrology care and its timing, as well as clinical outcomes.
These are inherently difficult to control for using observational
designs. Although potential benefits of nephrology care may be
larger in people who can see a nephrologist within 1 year or less
of meeting the referral criterion, it is also possible that healthier
people are more likely to see a nephrologist earlier.

Many clinical practice guidelines recommend referral to
nephrology care for people with stage 4 chronic kidney disease
for early identification and management of modifiable risk factors
for progression of the condition and comorbidities, and for edu-
cation, planning and preparation for renal replacement therapy
or conservative management of kidney failure.>213 However,
existing guidelines are based largely on indirect evidence from
people treated with dialysis, a small and selected population of
patients who are no longer facing a referral decision.!* These
studies have reported considerable benefits associated with
nephrology referral, including a 40% lower mortality rate, irre-
spective of patients’ age and comorbidities.' Yet, the risk of bias
in studies restricted to people who survived long enough to begin
dialysis therapy may be substantial, considering the high mortal-
ity rate observed in our study. There is a lack of trials targeting the
broader patient population in whom existing guidelines recom-
mend referral. Two randomized controlled trials (RCTs) compared
either intensive multidisciplinary case-management intervention
to usual care provided by generalists,?” or nurse-coordinated care
(including a nephrologist) to usual care coordinated by a general-
ist.22 Compared with our population-based study, participants in
these 2 trials were younger and had less severe chronic kidney
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disease. Neither of these trials was powered to detect a poten-
tially small survival benefit. Although nephrology referral may
improve many different outcomes, available evidence from trials
did not confirm those potential benefits.?"2

Few observational studies have examined the association
between nephrology care and mortality in people with non-
dialysis-dependent chronic kidney disease. Existing studies pro-
vided conflicting results, ranging from a small survival benefit® to
no association.33! Heterogeneous findings may be due to differ-
ences in participant characteristics (e.g., veterans or younger par-
ticipants)®-3! or definitions of chronic kidney disease (e.g., varying
eGFR thresholds and numbers of eGFR measurements). All exist-
ing studies used a “look-back” approach to assess the presence or
absence of nephrology care (e.g., any previous contact with a
nephrologist,® 1 visit in the past year,® or using a 1-year land-
mark period).? None addressed time-varying confounding. In our
population-based, longitudinal design, we applied recommended
definitions for stage 4 chronic kidney disease,! including alterna-
tive methods,* based on laboratory data captured from blood
tests done within a defined geographical area. We assessed the
impact of nephrology care on mortality in a framework that mir-
rors clinical practice and accounted for the influence of important
baseline and time-varying health information.

Considering the global burden of chronic kidney disease,>®
guideline recommendations regarding nephrology referral!23
and current health resource constraints,*2 our study is important
from a patient, care provider and health system perspective.
Appropriate nephrology referral can improve outcomes, but unnec-
essary referral may cause overtreatment without compensatory
benefits or reduce access to nephrology services for those more in
need. Ideally, the effects of nephrology referral should be tested in
a properly designed RCT comparing the effects of nephrology
referral on outcomes that are important to patients, including
mortality. To devise a trial with mortality as outcome, our study
raises some practical considerations related to the choice of the
study population and statistical power. Nephrology consultation
may confer a small survival benefit requiring a large study size,
ranging from 3000 participants for a study power of 80% and type |
error of 0.05 to 5000 for a study power of 90% and type | error of
0.01. At least 50 people with stage 4 chronic kidney disease would
need to be referred to a nephrologist to prevent 1 death per year,
assuming that all people referred to a nephrologist see a nephrol-
ogist, a 10% survival benefit of nephrology referral and 20% yearly
mortality rate in the nonreferred group. Previous experience?’-?
suggests that doing such a trial involving multi-faceted and com-
plex pharmaceutical, educational, dietary and lifestyle interven-
tions is difficult. Before an RCT is conducted in people with chronic
kidney disease, further studies are needed to better clarify which
patients should be referred, which providers should deliver inter-
ventions of proven benefit, and what outcomes are most impor-
tant to patients, in a robust framework, as free of bias as possible.
Although the findings from this study should not deter any treating
physicians from considering nephrology referral when eGFR is
< 30 mL/min/1.73 m? (stages 4-5 chronic kidney disease),>1>®
there are uncertainties as to when and in whom this recommenda-
tion should be implemented in clinical practice.

Limitations

Despite our best effort to control for important forms of bias
using recommended methods for causal inference,*!® residual
confounding cannot be addressed in nonexperimental designs.
As a result, we do not know how close our effect estimates are to
the true effects of nephrology consultation, and in which direc-
tion unmeasured confounding may have biased the results.
Second, we used outpatient nephrology visits to define the expo-
sure, as opposed to nephrology referral. Not all nephrology refer-
rals are necessarily followed by a nephrologist consultation,
owing to patient-, physician- or system-related factors. Our “per-
visit” analysis may have overestimated the potential survival
benefit of an “intent-to-refer” approach. Only an RCT can esti-
mate the true effects of a referral decision. Third, we evaluated
mortality because it is an objective outcome that is important to
patients. However, it is possible that referral might lead to bene-
fit for other clinically important outcomes that our study did not
capture. Fourth, our study population had universal access to
specialist care, and thus our findings may not be generalizable to
health systems without universal access in which availability and
frequency of serum creatinine tests and referral decisions may
differ. Finally, our findings may also not be generalizable to con-
ditions for which nephrology referral is indicated, including acute
kidney injury, chronic kidney disease with refractory hyperten-
sion, electrolyte abnormalities or hereditary kidney diseases.*

Conclusion

The survival benefit of nephrology consultation in adults with
stage 4 chronic kidney disease may be smaller than expected and
appears to attenuate with increasing age. These findings are rel-
evant to referral practices considering that most patients meet-
ing referral criteria are aged 80 years or older.
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