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Interdisciplinary Telehealth Team Positively Impacts
Difficult-to-Control Hypertension in CKD
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Key Points
c A collaborative nephrologist–pharmacist telehealth clinic significantly improved difficult-to-control hyperten-

sion in patients with CKD.
c Reduction in systolic BP was achieved without significant and widespread worsening of renal function or

change in electrolytes.

Abstract
Background Hypertension (HTN) is the most common chronic health condition worldwide and affects
patients with CKD at increasing rates as kidney function falls. Uncontrolled BP can have a significant effect
on cardiovascular disease, kidney disease progression, and mortality. We implemented an interdisciplinary
team to assess the impact a fully virtual management system, on top of usual nephrology care, could have
on HTN control among Veterans Administration patients with difficult to manage HTN.

Methods Patients with difficult-to-control HTNwere referred to a collaborative nephrology telemedicine clinic for
care by a nephrologist and a clinical pharmacist. BP was managed through telephone visits conducted by the
pharmacist every four to 12 weeks. Patients were sent a home BP monitor, provided education about its use,
and were instructed to monitor home BP regularly. Those with at least three phone visits who had objective
home BPmeasurements at each visit were included in the pragmatic analysis. Change in systolic BP from baseline
was the primary outcome variable.

Results Of the 55 patients meeting inclusion criteria, a mean reduction of 16614 mm Hg in systolic BP and
667 mm Hg in diastolic BP was shown. In 1267 months, 44% of patients achieved goal BP (,130/80) and
31% were discharged back to primary care management in an average of 865 months with apparent
sustained effect.

Conclusions An interdisciplinary team of a pharmacist and nephrologist using a virtual care model is an
effective method for managing difficult-to-control HTN in this pragmatic assessment.
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Introduction
Hypertension (HTN) is the most common chronic
disease worldwide and leads to significant morbidity
and mortality.1 Despite the grave effect of uncon-
trolled HTN, achieving ideally controlled BP occurs
in just 32%–50% of patients.2 Finding mechanisms to
improve control is imperative to improving patient
outcomes.3

CKD has significant prevalence in the world’s pop-
ulation at approximately 13%–15%.4,5 HTN occurs at
increasing rates as the degree of CKD worsens. More
than 80% of those with CKD stage 3 have HTN, and

this increases to .90% in those with CKD stage 4
or 5.6–8 Intensive BP control can have a positive effect
on patients with CKD, reducing both cardiovascular
events and all-cause mortality.9

Numerous methods to improve control of BP have
been implemented with wide-ranging effects.10–15 A
physician–pharmacist collaboration is one effective
method to improve BP control over usual care meth-
ods. Using this model, one study reduced systolic BP
approximately 13 mm Hg compared with a 5 mm Hg
reduction with usual management. In addition, the
physician–pharmacist intervention group showed an
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apparent sustained greater effect in BP lowering for at least a
9-month follow-up period.16 The increased acceptance of
telecommunication methods to improve BP control has
opened opportunities of alternative management methods.
Expert opinion suggests that remote BP monitoring with
transmission of data, a mechanism to track adherence, and
using an interdisciplinary team is an ideal approach when
implementing telemedicine to HTN management.17

In this article, we provide a proof-of-concept analysis and
significant treatment effect after implementing this HTN
management structure at one Veterans Administration (VA)
hospital. This work was deemed not human subjects re-
search by the University of Wisconsin Health Sciences In-
stitutional Review Board.

Materials and Methods
In 2018, we established a collaborative nephrology

telemedicine HTN clinic between a nephrologist and a
clinical pharmacist at the William S. Middleton VA Hos-
pital, Madison, WI. Patients with non–dialysis-dependent
CKD and difficult-to-control HTN were referred to the
clinic for HTN management between May 2018 and May
2020. Patients with at least three phone visits who had
objective home BP measurements (method below) at each
visit were included in the analysis (Figure 1). Objective
home BPs were defined as numerical BP values recorded
by the patient’s monitor, written down in a BP log, or
numerical BPs uploaded into the medical record from the
VA home telehealth system.
Patients were referred to the renal HTN clinic for BP

management by either VA nephrologists or primary care
teams. The status of a patient’s CKDwas determined during
office visits outside the HTN clinic. If they did not already
have one, patients were provided with an upper arm BP
monitor from the VA (UA-651-AC; A&D Medical, San Jose,
CA) or received one as part of the VA home telehealth
program (Commander Flex CD320, Medtronic Care Man-
agement Services, LLC; MCMS Omnivisor Pro System,
Minneapolis, MN). Standardized review of correct BP mea-
surement technique education16 was provided by the phar-
macist and trainees who completed the televisits and was
reviewed with all patients whether they previously had or
were newly provided a BP monitor. Patients were advised
to check their BP once daily and record those values. This
clinic was designated to have 4 hours of clinic time per

week. Patients were scheduled for 15–30-minute phone
appointments with the pharmacist or supervised pharmacy
trainee. BP values were communicated in one of three ways:
(1) verbally, over the phone; (2) mailed in BP paper logs; or
(3) uploaded over phone or digitally using the home tele-
health service and then uploaded directly into the electronic
medical record before each appointment. To have a visit
included for analysis, a minimum of five BP readings since
the last visit were required. Patient visits took place every
4–8weeks depending on the severity of BP elevation. Patient
data were not included if only subjective reports of BP were
provided. Only patients with either systolic BP (SBP)
$130 mm Hg or diastolic BP (DBP) $80 mm Hg at baseline
were included in this analysis. The usual care provided by
nephrologists remained unchanged for patients referred for
HTN management. HTN visits with the pharmacist were
added between regular nephrology visits, and more touch-
points accompanied the usual care performed by the ne-
phrologist. Given that those with CKD 5 were sent outside
the VA after dialysis was initiated (usual protocol), we
excluded these patients from our analysis.
On the basis of reported BPs, the pharmacist adjusted BP

medications to achieve BP goals ,130/80 mm Hg for pa-
tients with CKD according to the 2017 American College
of Cardiology/American Heart Association (ACC/AHA)
HTN guidelines.18 In the VA system, pharmacists can pre-
scribe medications and order laboratory tests under an
approved scope of practice with a supervising physician.
For the first 6 months, all notes and medication changes
were approved by the clinic nephrologist. After that period,
the pharmacist enacted medication changes largely inde-
pendently, within the approved scope of practice and with
nephrologist consultation when needed. The pharmacist’s
scope of practice was limited to HTN and factors related to
BP medications (e.g., hypokalemia/hyperkalemia, potas-
sium binders, and potassium supplements).
Mean BP values were calculated from home readings

at each visit. Data are expressed as mean6SD, median
(interquartile range), or percentages. The primary outcome
(change in SBP from initial to last visit) was calculated by
subtracting the initial visit from the last visit SBP and was
analyzed using the Mann–Whitney test (Prism Graphpad v
9.0, San Diego, CA). The percent of patients who achieved
BP,130/80 mmHg and experienced 20, 15 and 10 mmHg
reductions in SBP over that time interval was also
calculated. In addition, the percent of patients with SBP
$150 mm Hg, 140–149 mm Hg, 130–139 mm Hg, and
,130 mm Hg was calculated for the initial and last clinic
visit. The mean number of antihypertensive medications at
baseline and at the final patient visit was tabulated as well
as the mean number of medication changes made during
clinical management. Patients were discharged from clinic
if they had two visits with average BP ,130/80 separated
by at least eight weeks. Follow-up data on discharged
patients were collected using the last office BP measure-
ment and compared with the discharge office BP to esti-
mate consistency in control after clinic discharge.

Results
Over a two-year period, 116 patients were referred to the

HTN clinic for management (Figure 1). Of these, 36 patients
Figure 1. N5116 patients were referred forHTNmanagement over a
2-year period.
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did not respond to initial scheduling attempts or did not
respond to follow-up scheduling after their first or second
visit. An additional five patients were referred to clinic but
either had stage 5 CKD (not yet on dialysis) (n54) at the time
of referral or passed away (n51) before being seen in clinic.
There were 75 patients who completed at least one visit, and
55 met inclusion for analysis (Table 1). The most likely
reason for not meeting inclusion criteria was lack of objec-
tive home BP values. In alignment with the population at
our single-center VA hospital, 98% of patients were older
White men. The mean age of patients was 7867 years, and
the mean body mass index was 3166 kg/m2. Most (78%)
patients had proteinuria (urinary protein:creatinine ratio
$200 mg/g) with a mean urinary protein to creatinine ratio
of 123161666 mg/g. On average, patients were taking three
or more antihypertensive medications at the initial clinic
visit, had CKD stage 3b, and had a baseline SBP of 150 mm
Hg (Table 1).
Of the 55 patients included in the analysis, 46% had an

initial average home SBP $150 mm Hg, 33% had SBP be-
tween 140 and 149 mm Hg, and 21% had SBP between 130
and 139 mm Hg. The mean follow-up period from baseline
to the last visit was 1267 months, and both home SBP
(P, 0.0001) and DBP (P, 0.001) were significantly reduced
over the management period compared with baseline
(Figure 2). Table 2 presents the percentage of patients taking
individual classes of antihypertensive medications at
the initial and final visits. As expected, the use of each
class of medications increased from the initial visit. At the

conclusion of the period for analysis, the percent of patients
with SBP $150 mm Hg and 140–149 mm Hg was signifi-
cantly lower, whereas the percent of patients with SBP
130–139 mm Hg and ,130 mm Hg increased (Figure 3).
Fewer patients had SBP$150 (P, 0.0002) and between 140
and 149mmHg (P5 0.02) at the last visit comparedwith the
initial visit. Two thirds of patients experienced at least a
10 mm Hg reduction in SBP between initial and the last
clinic visit (Figure 4). The mean changes in SBP and DBP
between initial and final visit were 216614 and 2667 mm
Hg, respectively. The mean change in SBP per clinic tele-
health visit was 22.462.2 mm Hg per visit, while the mean
change in SBP per medication change was ‐4.466.9 mmHg.
At the time of analysis, 24 (44%) patients had average home
BP ,130/80 mm Hg. Seventeen of those were discharged
from clinic. The other seven patients were awaiting their
second visit to meet discharge criteria (Table 3).
Despite significant medication changes including an in-

crease in renin–angiotensin–aldosterone blockade, serum
potassium was not changed from baseline to the last
follow-up visit (4.4 to 4.3 mEq/L) (P 5 0.33). Serum creat-
inine showed significant increase from baseline to the last
follow-up visit (1.91 to 2.05 mg/dl) (P5 0.01), but eGFR did
not significantly change between baseline and the final
follow-up visit (38 to 37 ml/min per 1.73 m2) (P 5 0.54).
No patients progressed to doubling of serum creatinine or
needing dialysis over the period of this study.
Of the 17 patients discharged from clinic, follow-up office

BP data were available for 13 patients. The mean office

Table 1. Patient characteristics and demographics at initial visit, last visit, and after clinic discharge

Variable Initial Visit (n555) Last Visit (n555) Postclinic Discharge (n513)

eGFR, (mL/min per 1.73 m2) 38614 37616 40618
Serum potassium (mmol/L) 4.460.5 4.360.4 4.260.4
No. of antihypertensive medications 4 (3,5) 4 (3,5) 3 (3,5)
Patients taking $3 antihypertensive
medications (%)

78 89 85

SBP (mm Hg) 150612 134614 133610a

DBP (mm Hg) 73610 6669 7065a

All data are presented as mean6SD, median (IQR), or N (%). IQR, interquartile range; SBP, systolic BP; DBP, diastolic BP.
aOffice BP values as patient did not have home BP values after discharge from clinic.

Figure 2. Systolic (left panel) and diastolic (right panel) BP at the initial telehealth visit (open bars) and last visit (gray bars). SBP (P, 0.0001)
and DBP (P , 0.001) were significantly reduced at the last visit compared with initial visit.
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systolic BP at clinic discharge (134613 mm Hg) was not
different compared with the average office systolic
BP 1267 months after clinic discharge (133610 mm Hg)
(P 5 0.94 Mann–Whitney). DBP was similar at clinic dis-
charge (7068mmHg) comparedwith the average office DBP
after clinic discharge (7065 mm Hg) (P 5 0.88). Data were
unavailable for seven patients who did not have any VA
office visits conducted after clinic discharge likely because of
the lack of in-person office visits due to coronavirus disease
2019 (COVID-19) constraints.

Discussion
The collaborative pharmacist–physician telehealth HTN

clinic implemented at a single VA hospital for patients
with difficult-to-control HTN was shown to have a pos-
itive effect on BP control. Reduction in SBP over an
average of 12 months of follow-up was ;16 mm Hg,
and 44% of patients reached ACC/AHA recommended
BP goals (,130/80 mm Hg) at 2 years after implementa-
tion. Furthermore, analysis of persistence of BP control

in a subset showed that reductions in BP were maintained
for 1267 months after clinic discharge (P 5 0.94) by
review of office readings. The reduction in BP observed
is particularly encouraging considering that the referred
patients with CKD had difficult-to-control HTN (uncon-
trolled despite $3 medications).
Most patients were able to successfully monitor and re-

port home BP for analysis, but in those who could not, the
availability of VA issued telemonitoring equipment was an
option to broaden compliance. In addition, BP lowering was
achieved and maintained after discharge from the clinic
over 1267 months, suggesting that HTN is a medical
condition that is particularly amenable to telehealth man-
agement. Interestingly, despite a median of 5 medication
changes made during management, at the last visit, patients
were taking same median number of total BP medications
and BP control was improved. Thus, it seems that patients
were changed to more appropriate BP medications for clin-
ical circumstances that effectively lowered BP. Of note,
during the COVID-19 pandemic, telehealth endeavors have
grown and measuring their effectiveness for managing
chronic diseases is more important than ever to determine
which conditions are best suited for this type of clinical
intervention.
Although speculative, we attribute the reduction in BP to

collaborative medication intensifications and more frequent
visits enabling frequent monitoring and medication titra-
tions. Telehealth visits minimized provider scheduling and
geographic and economic factors that ordinarily present
obstacles to frequent visits. The collaborative nature of
the team was essential to successfully lowering BP. The
nephrologist’s role was to combine clinical aspects that
affect BP and how those related to mechanisms of action
of the medications in collaboration with the pharmacist. The
nephrologist also ensured that appropriate patients who
were suitable for management in the clinic were referred to
the clinic for care and was available for collaborative con-
versations for medication selection, titration, and HTN
workup.
HTN is a medical condition where team-based care

leverages skills of different practitioners to assist patients
in achieving goals of therapy. Several previous studies

Table 2. Number and percentage of patients taking classes of
antihypertensive medications across visits

Medication Class
Initial
Visit
n (%)

Last
Visit
n (%)

Increase in
Medication

Use%

Calcium channel blocker 38 (69) 43 (78) 9
Beta-blocker 39 (71) 42 (76) 5
ACE-I or ARB 36 (65) 40 (73) 8
Loop diuretic 19 (35) 21 (38) 3
Hydralazine 17 (31) 22 (40) 9
Thiazide diuretic 14 (25) 16 (29) 4
a-1 antagonist 8 (15) 13 (24) 9
Aldosterone antagonist 9 (16) 12 (22) 6
Nitrate 8 (15) 8 (15) 0
a-2 agonist (7) 13 11 (21) 8

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin receptor blocker.

Figure 3. Percent of patients with SBP ‡150 mm Hg, between 140 and 149 mm Hg, 130–139 mm Hg, and <130 mm Hg at initial visit
(open bars) and last visit (gray bars) (left panel). In the right panel is percent of patients with DBP $90 mm Hg, between 80 and 89 mm Hg,
and ,80 mm Hg at initial visit (open bars) and final visit (gray bars). *Zero patients had SBP ,130 mm Hg at initial visit, and 44% of patients
had SBP ,130 mm Hg at last visit.
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have published mixed results regarding the effects of
pharmacist involvement in HTN care.16,19–23 Of these,
two trials exclusively studied patients with CKD using
office BP measurements. In one study, pharmacists did
not control the adjustment of antihypertensive medica-
tions, and the pharmacist intervention did not lower SBP
compared with the control group.22 In the second, Chang
et al. studied the effect of medication therapy manage-
ment interventions by pharmacists in patients with CKD
stage 3a. Pharmacists did adjust antihypertensive medi-
cations, but BP control rates were similar between in-
tervention and control patients.23 Our study is unique in
that we exclusively used telehealth (pharmacist–patient)
communications coupled with patient-measured home
BP monitoring. This method more closely aligns with
the ideal ambulatory BP monitoring and empowers patients
to be part of the care team.24,25 Thus, this study provides data
on the effectiveness of a collaborative nephrology telehealth-
based HTN service partnering with patients to measure BP at
home. Given the increased use and importance of telehealth
modalities, our findings are timely and relevant, suggesting
collaborative BP management using telehealth can positively
affect BP control in patients with CKD with difficult-to-
control HTN.
The described telehealth clinical service can be adapted

to a health system that allows pharmacists to collabora-
tively manage HTN in patients within an approved scope

of practice or under a collaborative practice agreement.
Modifications to this approach would be appropriate to
individualize the fit and functionality for different health
systems and institutions. Referral to our clinical service
came primarily from the VA-based nephrology group. A
small number of patients were referred by primary care
for difficult to manage HTN. Although the pharmacist
made most of the medication adjustments, collaboration
between the nephrologist and pharmacist through weekly
in-clinic discussions was essential in effective manage-
ment. Team-based care and coordination between phar-
macist and nephrologist ensured that appropriate care for
HTN, CKD, and other medical conditions was delivered.
The described clinic model worked effectively with the
inclusion of pharmacist trainees (students and residents).
A single supervisor staffed all visits which included
about half of the visits as a supervisor to pharmacist
trainees. Thus, there was consistency in decision-
making and intervention.
Strengths of our study include a selection bias toward a

clinic population with difficult-to-control HTN as 77% of
patients were taking three or more medications at the time
of referral. Furthermore, one pharmacist was the consistent
care provider and made decisions on BP medications,
limiting variability between practice patterns. In addition,
scheduling permitted the pharmacist to address any HTN-
related patient care issues between nephrology visits, thus
decreasing both the burden of in-basket messages and
follow-up visits with the nephrologist. There was a rela-
tively small financial commitment for the half day per week
of work provided from the pharmacist. Finally, patients
were supplied consistent BP monitors free of charge from
the VA.
There are limitations to our study. First, this analysis

is a pragmatic assessment of the effectiveness of our clinic
as implemented in real-world conditions; therefore, our
sample size was small as clinic time was limited due to
this being a newly initiated clinic. We did not have a
control group for comparison because those in the ne-
phrology clinic alone did not have sufficient objective
BP measurements recorded. Analysis of the BP control
of patients before clinic referral was not a suitable com-
parison as there was a change in recommended BP treat-
ment goals (from ,140/90 to ,130/80 mm Hg) by the
ACC/AHA guidelines a few months before clinic imple-
mentation.18 Second, to assess BP control, patients were
required to be adherent with home self-monitoring of BP
and report objective measurements at each visit. Thus,
the resulting data come from patients who are adherent
to clinic recommendations and monitoring requirements.
This creates a selection bias for adherent patients despite
our ability to provide a wide range of equipment free of
charge. Caution should be used when extrapolating the
BP changes to all patients with CKD and HTN, but it does
support the effect of patient engagement in BP control.
Third, our follow-up duration did not provide suffi-
cient time to measure the effect of BP management on
renal function, cardiovascular, or mortality outcomes.
Fourth, the study population consisted largely of older,
White male veterans, which limits generalizability to
broader populations outside the VA health care system.
Fifth, education about BP measurement technique was

Figure 4. Percent of patients who experienced at least 10 mm Hg
(open bar), 15mmHg (gray bar), and 20mmHg (dark bar) reduction
in SBP from initial to last visit.

Table 3. Summary of BP changes and clinic statistics

Achieved BP Goal ,130/80 mm Hg (%) 44
No. of medication changes made 5 (2–10)
Follow-up period (mo) 1267
Follow-up visits (No.) 7 (4–9)
Discharged back to referring team (%) 31
Time to clinic discharge (mo) 865
Change in SBP in 12 mo (mm Hg) 21664
Change in SBP per visit (mm Hg) 22.462.2
Change in SBP per medication change (mm Hg) 24.466.9

All data are presented as mean6SD, median (IQR), or percent.
IQR, interquartile range; SBP, systolic BP.
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standardized for all patients. Most patients already had a
BP monitor when referred for care, but standard-
ized education was reviewed for each patient. Patients
did not visually demonstrate BP measurement technique,
but correct technique was repeatedly reviewed, and pa-
tients were treated on the basis of home measurements.
Finally, persistence of BP control is based on office BP
levels instead of home readings, which is a different
method than what was used for titration and monitoring;
hence, comparison should be made with caution.
Almost all patients with CKD will develop HTN, increas-

ing the risk for cardiovascular events and progression of
CKD.26,27 A subset of patients with CKD has HTN that is
difficult to control, necessitating creative approaches forHTN
management. Our pragmatic analysis of a collaborative ne-
phrology telemedicine HTN clinic with a nephrologist, a
clinical pharmacist, and trainees demonstrates significant
reduction of SBP by approximately 16 mm Hg over a 1-year
period with at least 44% of patients reaching recommended
BP goals (,130/80 mmHg). This model can be implemented
and adapted for any health system to provide improvedHTN
care and decrease the care burden placed on nephrologists.

Disclosures
J.M. Dopp has a speaker’s contract with Idorsia Pharmaceuticals

and completed an advisory board with Vifor Pharmaceuticals. L.
Maursetter reports the following: Honoraria: ASN for BRCU. The
remaining author has nothing to disclose.

Funding
None.

Author Contributions
Conceptualization: John M. Dopp, Laura Maursetter.
Data curation: Austin Lange, Laura Maursetter.
Formal analysis: John M. Dopp, Austin Lange, Laura Maursetter.
Investigation: John M. Dopp, Laura Maursetter.
Methodology: John M. Dopp, Austin Lange, Laura Maursetter.
Project administration: John M. Dopp, Laura Maursetter.
Resources: John M. Dopp, Laura Maursetter.
Supervision: John M. Dopp, Laura Maursetter.
Writing - original draft: John M. Dopp, Austin Lange, Laura
Maursetter.
Writing – review & editing: John M. Dopp, Austin Lange, Laura
Maursetter.

References
1. Lamirault G, Artifoni M, Daniel M, Barber-Chamoux N;

Nantes University Hospital Working Group on Hypertension.
Resistant hypertension: novel insights. Curr Hypertens Rev.
2020;16(1):61–72. doi:10.2174/
1573402115666191011111402

2. Fryar C, Ostchega Y, Hales C, Zhang G, Kruszon-Moran D.
Hypertension prevalence and control among adults: United
States, 2015-2016. NCHS Data Brief. 2017:(289):1–8.

3. Cooper-DeHoff RM, Gong Y, Handberg EM, et al. Tight blood
pressure control and cardiovascular outcomes among hyper-
tensive patients with diabetes and coronary artery disease. JAMA.
2010;304(1):61–68. doi:10.1001/jama.2010.884

4. Horowitz B, Miskulin D, Zager P. Epidemiology of hypertension
in CKD. Adv Chronic Kidney Dis. 2015;22(2):88–95. doi:
10.1053/j.ackd.2014.09.004

5. Braden GL, Chapman A, Ellison DH, et al. Advancing ne-
phrology: division leaders advise ASN. Clin J Am Soc Nephrol.
2021;16(2):319–327. doi:10.2215/CJN.01550220

6. Muntner P, Anderson A, Charleston J, et al. Hypertension
awareness, treatment, and control in adults with CKD: results
from the chronic renal insufficiency cohort (CRIC) study. Am J
Kidney Dis. 2010;55(3):441–451. doi:10.1053/
j.ajkd.2009.09.014

7. Rao MV, Qiu Y, Wang C, Bakris G. Hypertension and CKD:
kidney early evaluation program (KEEP) and national health and
nutrition examination survey (NHANES), 1999-2004. Am J
Kidney Dis. 2008;51(4):S30–S37. doi:10.1053/
j.ajkd.2007.12.012

8. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney
function–measured and estimated glomerular filtration rate. N
Engl J Med. 2006;354(23):2473–2483. doi:10.1056/
nejmra054415

9. Cheung AK, Rahman M, Reboussin DM, et al. Effects of intensive
BP control in CKD. J Am Soc Nephrol. 2017;28(9):2812–2823.
doi:10.1681/ASN.2017020148
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