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ORIGINAL ARTICLE

BACKGROUND: Hemodynamic-guided heart failure management is a superior strategy to prevent decompensation leading
to hospitalization compared with traditional clinical methods. It remains unstudied if hemodynamic-guided care is effective
across severities of comorbid renal insufficiency or if this strategy impacts renal function over time.

METHODS: In the CardioMEMS US PAS (Post-Approval Study), heart failure hospitalizations were compared from 1 year
before and after pulmonary artery sensor implantation in 1200 patients with New York Heart Association class Il symptoms
and a previous hospitalization. Hospitalization rates were evaluated in all patients grouped into baseline estimated glomerular
filtration rate (eGFR) quartiles. Chronic kidney disease progression was evaluated in patients with renal function follow-up
data (n=911).

RESULTS: Patients with stage 2 or greater chronic kidney disease at baseline exceeded 80%. Heart failure hospitalization
risk was lower in all eGFR quartiles ranging from a hazard ratio of 0.35 (0.27-0.46; A<0.0001) in patients with eGFR >65
mL/min per 1.73 m? to 0.53 (0.45-0.62; A<0.0001) in patients with eGFR <37 mL/min per 1.73 m? Renal function was
preserved or improved in most patients. Survival was different between quartiles and lower in quartiles with more advanced
chronic kidney disease.

CONCLUSIONS: Hemodynamic-guided heart failure management using remotely obtained pulmonary artery pressures is
associated with lower hospitalization rates and general preservation of renal function in all eGFR quartiles or chronic kidney
disease stages.
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anagement of congestion in patients with heart
Mfailure (HF) and comorbid chronic kidney dis-

ease (CKD) remains a major challenge for health
care providers."? Underlying CKD, which is prevalent in
patients with HF, increases mortality risk and complicates
volume management. Effective diuretic titration to avoid
worsening congestion, without adversely impacting renal
function, is essential in these patients.3* Previous remote
HF management strategies, relying on symptom detec-
tion or other markers, have failed to consistently reduce
HF hospitalization rates, in general, and many trials

excluded patients with CKD.%¢ In contrast, a large body
of evidence has accumulated over the past 2 decades
supporting the concept that elevation of cardiac filling
pressures precedes congestive symptoms by weeks and
remote hemodynamic-guided HF management consis-
tently reduces decompensation events.”®

The CardioMEMS US PAS (Post-Approval Study)'™
was a prospective internal control design open-label
registry evaluating the generalizability of hemodynamic-
guided care first demonstrated in the CHAMPION
trial (CardioMEMS Heart Sensor Allows Monitoring of
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PAP-Guided HF Care Reduces HFH in Patients With CKD

WHAT IS NEW?

* Many drugs and devices for patients with heart
failure benefit those with normal or mildly impaired
renal function but are either unstudied or appear
to lose effectiveness with increasing severity of
chronic kidney disease. The current study found
that adjustments in medical therapy, particularly up
and down titration of diuretics, based on ambula-
tory pulmonary artery pressure measurements
safely and effectively reduced heart failure hos-
pitalizations even in patients with advanced renal
impairment. Benefits of hemodynamic-guided man-
agement were not associated with progressive
renal dysfunction allowing personalized intravascu-
lar volume control in this complex group of patients.

WHAT ARE THE CLINICAL IMPLICATIONS?

¢ Long-term volume management in patients with
heart failure and comorbid renal insufficiency is a
complicated balance between avoiding intravascular
volume overload leading to acute decompensation
while simultaneously avoiding worsening renal func-
tion. Based on the current results, remote adjust-
ments of diuretic dosing based on daily cardiac
filling pressure measurements from a permanently
implanted pulmonary artery sensor was directly
associated with lower decompensation events
without inducing further renal injury or chronic kid-
ney disease progression. This approach provides a
novel and effective remote management solution to
improve clinical outcomes in patients with heart fail-
ure and comorbid chronic kidney disease.

Pressures to Improve Outcomes in NYHA Class Il Heart
Failure Patients). Both CHAMPION and PAS included
patients with CKD with estimated glomerular filtration
rates (eGFR) >24 mL/min per 1.73 m?. What remains
unstudied is whether the comorbidity of CKD influences
the effectiveness of hemodynamic-guided HF manage-
ment and whether this management strategy impacts
progression of renal dysfunction over time.

Reported here are 3 retrospective analyses performed
in the PAS to determine if hemodynamic-guided man-
agement reduces HF hospitalizations in patients with
comorbid CKD, if hemodynamic-guided HF manage-
ment worsened CKD progression and if mortality was
higher in patients with more advanced CKD compared
with individuals with preserved renal function.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request. The
CardioMEMS US PAS (URL: https://www.clinicaltrials.gov;
Unique identifier: NCT02279888) was a multi-center, prospec-
tive, open-label, single-arm study evaluating the use of pulmo-
nary artery (PA) pressure-guided management in a postmarket,
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Nonstandard Abbreviations and Acronyms

ACE angiotensin-converting enzyme

ARNi angiontensin receptor neprilysin
inhibitor

CHAMPION CardioMEMS Heart Sensor Allows
Monitoring of Pressures to Improve
Outcomes in NYHA Class Ill Heart
Failure Patients

CKD chronic kidney disease

eGFR estimated glomerular filtration rate

GDMT guideline-directed medical therapy

HF heart failure

HFH heart failure hospitalization

PA pulmonary artery

PAS Post-Approval Study

real-world setting.'® In brief, the study enrolled 1200 patients
at 104 US clinical sites and followed patients for 2 years.
Patients were included if they had persistent New York Heart
Association class Il symptoms and a HF hospitalization in
the 12 months prior to enrollment, regardless of the under-
lying ejection fraction. The study was conducted according
to Good Clinical Practice guidelines, and Institutional Review
Board approval was obtained at each study site. All participants
provided written informed consent and were followed for 24
months or until they exited the study. Follow-up visits were con-
ducted at 1, 6, 12, 18, and 24 months post sensor implant.
The PAS compared HF hospitalization rates for the 12 months
before CardioMEMS implantation with hospitalization rates fol-
lowing implant. All hospitalizations were adjudicated by an inde-
pendent Clinical Events Committee.

Patients with a glomerular filtration rate (GFR) below 25
mL/min per 1.73 m? or requiring dialysis within 2 weeks of the
baseline visit were excluded from the study. eGFR was calcu-
lated using the Modification of Diet in Renal Disease equation.
Collection of eGFR, serum creatinine, and blood urea nitrogen
data was required at baseline screening in order to satisfy inclu-
sion and exclusion criteria. Collection of renal function data at
follow-up visits was optional and available in 911 patients.

All patients with baseline eGFR information (n=1200) were
included in the efficacy evaluation comparing HF hospitaliza-
tion rates 12 months prior to implant to the following 12 months
along with mortality in groups defined by eGFR quartiles using
baseline renal function data. The resulting quartiles are unique
to the population. All patients received maximally tolerated
guideline recommended medical therapies, when appropriate,
and baseline medication use is reported in those with left ven-
tricular ejection fraction <40% (heart failure reduced ejection
fraction) or >400% (heart failure preserved ejection fraction). At
the time of this study, there were no consensus medication rec-
ommendations for patients with left ventricular ejection fraction
>40% except for diuretics to control volume.

Patients with renal function information in the first 12
months of the follow-up period comprised the study cohort
to examine the impact of hemodynamic-guided HF care on
renal function progression (n=911). Results in these patients
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were examined based on the Kidney Disease Improving Global
Outcomes classification of CKD stages'' in order to determine
progression of renal dysfunction over time. Figure 1 illustrates
flow of patients from baseline implantation to groups used to
evaluate the study's questions.

Heart Failure Hospitalization Rates and

Baseline Renal Function

All patients (n=1200) were stratified into quartiles using base-
line eGFR as follows: eGFR >65 mL/min per 1.73 m? (Q1),
eGFR>50 to <65 mL/min per 1.73 m? (Q2), eGFR >37 to <50
mL/min per 1.73 m? (Q3), and eGFR <37 mL/min per 1.73 m?
(Q4). HF hospitalization rates, survival, diuretic changes, and
PA pressure (PAP) changes were calculated for each quartile
and between quartile comparisons were made. Hospitalization
rates during the 12 months before enrollment were compared
with the 12 months after implantation for each eGFR quartile.

Chronic Kidney Disease Progression in Patients
With Hemodynamic-Guided HF Care

CKD stages were used to examine possible progressive
renal dysfunction in patients with follow-up eGFR information
(n=911; Figure 1). Patients were stratified for this analysis
using the Kidney Disease Improving Global Outcomes CKD
classification system'" to objectively characterize severity of
renal dysfunction (eGFR, mL/min/1.73 m?): stage 1: eGFR
>90, stage 2: eGFR 60 to 89, stage 3: eGFR 30 to 59, stage
4: eGFR 15 to 29, and Stage 5: <1b. Renal function change
was defined as improved if the CKD stage changed by at least
1 less severe level, unchanged if the stage did not change, or
worsened if the CKD stage changed by at least 1 more severe
level during follow-up.

Changes in PAPs and Diuretic Dosing

Changes from baseline in PA diastolic pressures over 1 year
were examined in each eGFR quartile and for the entire

PAP-Guided HF Care Reduces HFH in Patients With CKD

population. Additionally, changes in PA diastolic pressures
were examined in each CKD progression cohort (improved,
unchanged, and worsened). Loop diuretic doses were normal-
ized to furosemide equivalents as previously described'? '
and were compared within the CKD stage cohort at 3-month,
6-month, and 12-month timepoints.

Statistical Methods

Heart failure hospitalization (HFH) rates in the 12 months
before implant were compared the 12 months after using the
Andersen-Gill model to account for recurrent events, with cen-
soring at the time of death, ventricular assist device implanta-
tion, or cardiac transplantation. Annualized HF hospitalization
rates and mortality were compared between each GFR quar-
tile (h=1200). Crude 12-month mortality rates were estimated
using Kaplan-Meier survival analysis and stratified by GFR
quartiles. Changes in PAPs and change in renal function over
time were compared in the improved, unchanged, and wors-
ened groups using a y? test of independence to assess for an
association between variables. All P values were generated
using t tests for continuous variables and y? tests for categori-
cal variables.

RESULTS
Baseline Demographics

A full description of the baseline demographics of
the CardioMEMS US PAS cohort is published.” As
shown in Table 1, 6.8% of patients had normal base-
line eGFR (=90 mL/min per 1.73 m?), while 25.8%
had stage 2 CKD, 57.8% with stage 3 CKD, and 9.5%
with Stage 4 CKD. Table 2 lists the medication use at
enrollment of the entire cohort with baseline eGFR
information (n=1200) and the subgroup with follow-
up renal function data (n=911) separated by ejection

Patients enrolled in
CardioMEMS US PAS
N =1200

Outcomes based on baseline

renal function

Patients included in HFH and
PA pressure analyses
N =1200

CKD progression analysis

Patients without renal
data at follow-up
N =289

Patients included in CKD
progression analysis
N=911

Figure 1. Composition of cohorts used to examine heart failure outcomes and renal progression hypotheses.
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Table 1. Subject Demographics for the Chronic Kidney Dis-
ease Progression Cohort

Implanted
population CKD cohort
(N=1200) (N=911)
Demographics
Age, y
Mean+SD 69+12 69+12
Median 71 70
(Q1-Q3) (63-78) (62-77)
Gender
Female 37.7% (452) 38.1% (347)
Race
White 82.8% (993) 80.8% (736)
Black 14.3% (172) 16.4% (149)
Asian 1.0% (12) 0.9% (8)
American Indian or Alaskan 0.3% (4) 0.4% (4)
Native
Other 1.5% (18) 1.5% (14)
Vital signs and laboratories
Body mass index 31.717.9 32.3%£8.0
eGFR 53+21 53+21
Systolic BP 127£22 127+22
Diastolic BP 7013 7013
Heart rate 74112 74+12
Ejection fraction 39+17 39+17
Medical history
Ischemic cardiomyopathy 41.3% (496) 40.6% (370)
CRT/CRT-D or ICD 50.2% (602) 50.2% (457)
Hypertension 87.4% (1049) | 87.9% (801)
Coronary artery disease 66.0% (792) 66.8% (609)
Diabetes 54.6% (655) 54.8% (499)
Chronic obstructive pulmonary 35.200 (422) 35.9% (327)
disease
CKD stage at | % of patients who
baseline progressed
Stage 1 with normal or high GFR | 6.8% (81) 58.46% (38/65)
(GFR =90 mL/min)
Stage 2 mild CKD 25.8% (309) 37.07% (86/232)
(GFR=60-89 mL/min)
Stage 3 moderate CKD 57.8% (694) 18.49% (98/530)
(GFR=30-59 mL/min)
Stage 4 severe CKD 9.5% (114) 4.88% (4/82)
(GFR = 15-29 mL/min)
Stage 5 end stage CKD 0.2% (2) 0% (0/2)
(GFR < 15 mL/min)

BP indicates blood pressure; CKD, chronic kidney disease; CRT-D, cardiac
resynchronization therapy with defibrillation; eGFR, estimated glomerular filtration
rate; and ICD, internal cardioverter defibrillator.

fraction. Ninety-five percent of patients with heart fail-
ure reduced ejection fraction in the CKD subgroup
received beta-blocker therapy at enroliment and 82%
of patients with heart failure preserved ejection fraction
were on beta-blockers. Angiotensin intervention was
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used in 54% of the entire heart failure reduced ejec-
tion fraction population and similar use in patients with
follow-up renal function data. Sacubitril/valsartan use
was low as clinical availability of this drug was intro-
duced during the PAS. Finally, mineralocorticoid antago-
nism was used in 68% of the patients enrolled. The
lower use of angiotensin intervention may relate to the
observation that 93% of the enrolled subjects had CKD
stage 2 or greater CKD at baseline (Table 1). The pro-
tocol did not enforce compliance to guideline medical
therapy recommendations for patients with diabetes,
thus the low utilization of renin-angiotensin-aldoste-
rone system antagonists likely represents usual care for
patients with combined heart failure, diabetes, and renal
insufficiency. All guideline directed medical therapies
for patients with heart failure reduced ejection fraction
were required to qualify for the CardioMEMS US PAS,
unless the investigator provided evidence of intolerance
to omitted medications.

Two hundred eighty-nine (289) patients had no fol-
low-up renal function data leaving 911 subjects available
for the renal progression portion of this study (Figure 1).
Patients who did not have follow-up renal function data
(n=289) were slightly older (71 versus 69 in CKD cohort;
P=0.003), were more likely to be White (89% versus
81% in CKD cohort; A<<0.001), and had a lower body
mass index (30 versus 32 in CKD cohort; A<0.0001)
than patients in the CKD cohort. Demographics of the
patients available for the renal progression study are
noted in Table 1. Of note, 55% of subjects in the progres-
sion cohort had diabetes and 88% had hypertension.

Clinical Outcomes of Hemodynamic-Guided
Care in Patients With CKD

HFH rates were lower in the 12 months following sen-
sor implant compared with 12 months before enroliment
in each of the eGFR quartiles (Figure 2A). Lower HF
hospitalization rates were associated with lower PAPs
over time, measured as an area under the curve anal-
ysis (Figure 2B). PAPs were lower after 12 months of
hemodynamic-guided care in all eGFR quartiles. Overall,
12-month survival was 84% (95% Cl, 0.82-0.86). One-
year survival was lowest at 75% (95% CI, 0.70-0.79)
in the lowest eGFR quartile and highest at 90% (95%
Cl, 0.86-0.93) in patients with eGFR >65 at baseline
(Figure 2C).

CKD Stage Progression

Two hundred twenty-six (25%) of the renal progression
cohort worsened at least 1 CKD stage in the 12-month
follow-up of the study (Table 3; Figure 3). Renal function
progression occurred mostly in patients with stage 1 or
2 CKD at baseline (Figure 3). Patients with stage 3 to 5
tended to remain unchanged, but the most patients with
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Table 2. Baseline Medication Use

PAP-Guided HF Care Reduces HFH in Patients With CKD

Implanted population (N=1200) CKD population (N=911)
HFrEF subjects HFpEF subjects HFrEF subjects HFPEF subjects
(N=637) (N=561) (N=478) (N=431)
Baseline medications
On recommended therapies* 66.4% (423) 38.3% (215) 67.4% (322) 37.8% (163)
per GDMT for HFrEF patients
On at least 1 recommended 96.4% (614) 87.3% (490) 96.9% (463) 87.7% (378)
therapyt per GDMT for HFrEF
patients
Beta blocker use 94.8% (604) 81.3% (456) 95.4% (456) 82.1% (354)
ACE inhibitor use 31.2% (199) 22.3% (125) 30.1% (144) 22.0% (95)
ARB use 283.2% (148) 20.1% (113) 23.4% (112) 19.7% (85)
ACE/ARB use 53.7% (342) 41.9% (235) 53.3% (255) 41.1% (177)
ARNi use 16.6% (106) 3.2% (18) 17.2% (82) 2.8% (12)
MRA use 68.0% (433) 44.4% (249) 68.8% (329) 43.4% (187)
Loop diuretic use 95.0% (605) 96.3% (540) 95.6% (457) 96.5% (416)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor blockade with
neprolysin inhibition; CKD, chronic kidney disease; GDMT, guideline directed medical therapy; HFpEF, heart failure with pre-
served ejection fraction; HFrEF, heart failure with reduced ejection fraction; and MRA, mineralocorticoid receptor antagonist.

*‘Recommended therapies are defined as an existing or new beta blocker and ACE/ARB/ARN:i started prior to implant.

tincludes any existing or new beta blocker/ACE/ARB/ARN; started prior to implant.

renal function improvement started the study with CKD
stage 3 or 4 disease (78 of 96 patients with improved
CKD, 819%). Of the remaining patients in this cohort,
64% had no underlying renal function change and 11%
improved at least 1 CKD stage. No patient developed
end-stage renal disease or required dialysis during fol-
low-up. %2 test of independence found no evidence of
a relationship between a CKD stage progression and
change in PAPs over time.

Medication Changes

Diuretic dosing was the most frequently changed medi-
cal intervention in the study, consistent with previous tri-
als examining hemodynamic-guided HF management.
Both up and down titration of loop and thiazide diuret-
ics occurred in x80% of population. Patients with CKD
worsening of at least 1 stage were prescribed higher
daily diuretic doses after 3 months persisting to the
12-month follow-up (Table 4). Furosemide equivalent
daily dosing at 12 months in the subjects experiencing
renal function worsening averaged 190+£166 mg with
a range of 10 to 900 mg daily. This dose was higher
than those with unchanged CKD stage (168+167
mg, 4-1280 mg range) and those with improved CKD
stage (145+136 mg, 10-800 mg range). Changes in
nitrates and hydralazine were more common in patients
with higher CKD stages and, conversely, the percent-
age of patients with changes in angiotensin intervention,
including ACE (angiotensin-converting enzyme) inhibi-
tor, angiotensin receptor blocker, or ARNi (angiotensin
receptor blockade with neprolysin inhibition) dosing was
highest in stage 2 CKD compared with stage 3 or 4.

Circ Heart Fail. 2023;16:¢009721. DOI: 10.1161/CIRCHEARTFAILURE.122.009721

Rates of changes in GDMT overall were small likely due
to the inclusion criteria requiring patients to already be
on maximally tolerated doses.

DISCUSSION

These retrospective subgroup analyses from the Car-
dioMEMS US PAS address important clinical questions
concerning the safety and clinical impact of hemody-
namic-guided HF management in patients with comor-
bid chronic kidney disease. Importantly, 85% of patients
enrolled in this study had CKD stage 2 or greater at
baseline, underscoring the prevalence of comorbid kid-
ney disease in patients with symptomatic heart failure.”
Patients with all stages of CKD experienced less HF hos-
pitalizations in the 12 months following PA sensor implant
compared with the 12 months before implant, which
was associated with a significant lowering of PAPs. The
observed reduction in HF hospitalization rate was similar
to the entire cohort and with other internal control studies
recently published. Lower hospitalization rates were seen
across all quartiles of GFR including a 47% reduction
within the lowest GFR quartile patients. These findings
support the contention that hemodynamic monitoring
remains effective in patients with comorbid CKD.

Renal function remained stable in most patients in this
study, even in patients with stage 5 CKD. Patients expe-
riencing worsening of CKD stage tended to be in stage
1 or 2 at baseline and most individuals with improved
CKD status started the study in stage 3 or 4 disease. No
patient required dialysis or advanced to end-stage renal
disease during the 12-month follow-up period analyzed
for this examination. The findings of this study support
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A Reduction in HFH Rate
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Figure 2. Outcomes across eGFR quartiles.

A, Heart failure hospitalization (HFH) rates 12 months before implantation compared with 12 months after implantation based on estimated glomerular
filtration rate (eGFR) quartiles (n=1200). Change in pulmonary artery (PA) pressures over time using an area under the curve analysis, based on
eGFR quartiles in the entire population of 1200 enrolled patients (B). C, Depicts Kaplan-Meier survival analysis of all patients stratified by eGFR
quartile at baseline. Kaplan-Meier survival expressed as % (95% Cl). EPPY indicates events per patient year. *Includes all Clinical Events Committee
(CEC) adjudicated heart failure hospitalizations with an admission date on the date of implant and through 390 days prior to the date of implant.
tincludes all CEC adjudicated heart failure hospitalizations with an admission date after the implant procedure discharge date through 390 days after
the date of implant. #Hospitalization rate is an annualized rate estimated from the Andersen-Gill model. {95% Cl on annualized hospitalization rate from
the Andersen-Gill model. |[Hazard ratio, 95% CI, and P value estimated from the Andersen-Gill model with robust sandwich estimates.
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C Kaplan-Meier survival analysis of all patients stratified by eGFR quartile
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Figure 2 Continued.

the hypothesis that hemodynamic-guided care in patients
with CKD effectively lowers hospitalization rates without
worsening renal function over time. Interestingly, patients
who worsened from CKD stage 1 or 2 were prescribed
higher daily diuretic dosing compared with the improved
or unchanged group. HFH rates and PAPs were lower
in this group suggesting that restoring optimal volume
guided by PAPs may have unmasked the true degree of
renal dysfunction in this population. This speculation can-
not be evaluated in the current data set as renal func-
tion evaluation shortly after sensor implantation was not
required and is not available.

Sustained PA reduction occurred across all quartiles
of GFR in this analysis, but pressures and renal function

Table 3. Percentage and Numbers of Patients With Im-
proved CKD Stage Defined as Movement of at Least One
Level Lower Over Time, Unchanged and Worsened Renal
Function (at Least One Level Higher Stage Over Time)

Baseline CKD stage Improved Unchanged Worsened
Stage 1 (n=65) 0% 41.5% 58.5%
(0/65) (27/65) (38/65)
Stage 2 (n=232) 7.8% 55.2% 37.1%
(18/232) (128/232) (86/232)
Stage 3 (n=530) 8.9% 72.6% 18.5%
(47/530) (385/530) (98/530)
Stage 4 (n=82) 37.8% 57.3% 4.9%
(31/82) (47/82) (4/82)
Stage 5 (n=2) 100% 0% 0%
(2/2) (0/2) (0/2)

CKD indicates chronic kidney disease.

Circ Heart Fail. 2023;16:¢009721. DOI:

10.1161/CIRCHEARTFAILURE.122.009721

changes were independent variables. A growing body of
evidence supports the contention that higher PAPs are
associated with increased risk of HFH events and strate-
gies to reduce PAP to goal targets can effectively improve
HF outcomes.'® Diuretics remain the cornerstone of ther-
apy to improve congestion and lower pulmonary pressures
in chronic HF patients, and yet commonly these therapies
are decreased or under-utilized in patients with concomi-
tant CKD. Despite data suggesting that increases in serum
creatinine occur more frequently in patients receiving high
dose diuretics, there is significant evidence that this does
not necessarily portend worsened outcomes.'™® In fact,
persistent clinical or subclinical congestion remains a
strong predictor of poor outcomes including HFH, particu-
larly in patients with worsening renal function.’®% Iden-
tifying subclinical congestion in these patients remains
difficult, as significant discrepancy exists between stan-
dard assessment such as clinical weights with that of true
euvolemia and fluid balance?' Therefore, a strategy to
guide diuretic adjustments using PAP sensor data, with
focused changes particularly during early detection of pul-
monary pressures outside of goal range, continues to be
mechanistically sound, and notably safe in patients with
combined CKD and HF,

Survival was lower in patients with increasing CKD
stage, consistent with previously reported epidemiologic
data from patients with HF and CKD. Both all-cause mor-
tality and cardiovascular mortality were higher with lower
levels of eGFR."" Large meta-analyses have shown that
up to 55% of patients with HF may have CKD stage 3

May 2023 409



Raval et al

PAP-Guided HF Care Reduces HFH in Patients With CKD

100%

> 80%
8
)
)

S 60%
£
@
c

L 40%
©
o
G

T 20%
S
[0
o

0%

CKD Stage 1 CKD Stage 2 CKD Stage 3 CKD Stage 4 CKD Stage 5
(N=65) (N=232) (N=530) (N=82) (N=2)
®Improved mUnchanged ® Worsened

Figure 3. Chronic kidney disease (CKD) stage change over the 12-month follow-up period in patients based on their baseline

CKD stage.

Improvement was defined as a change of at least on stage lower than baseline and worsened was defined as a change that was at least 1

stage higher than baseline.

or higher, which was confirmed in this population of New
York Heart Association class Ill previously hospitalized
patients.?? Strategies to modify risk of death in patients
with combined HF and advanced CKD remain limited.
Further insight is needed to ascertain whether earlier
intervention with PAP sensor guided HF treatment can
impact survival in this population.

Limitations

The observations reported here must be interpreted
within the limitations of the current study design. All pro-
spective, historical control, open-label studies have the

potential to overestimate effectiveness. This may arise
due a change in non-PAP related disease management
at enrollment, inaccurate assessment of preenroliment
HF hospitalizations and the lack of a concomitant con-
trol group to which outcomes can be compared. There-
fore, the exact magnitude of HF hospitalization reduction
must be interpreted with caution. Prospective historical
control studies are useful to understand potential gen-
eralizability of a clinical innovation proved effective in a
strict, placebo-controlled trial. Hospitalization reductions
are consistently seen in randomized controlled trials and
real-world registries, which supports generalizability of
this management strategy.

Table 4. Medication Use at Baseline and Diuretic Changes Throughout 12 Months of Study

Follow-Up
Subjects with CKD stage | Subjects with CKD stage | Subjects with CKD stage
Timepoint worsened (N=226) unchanged (N=587) improvement (N=98) P value*
3 mo postimplant 170+145 mg (215) 153+148 mg (546) 117£101 mg (92) 0.0124
131 100 80
(9, 800) (9, 1200) (20, 600)
6 mo postimplant 171+£153 mg (203) 160161 mg (535) 133+126 mg (92) 0.1486
140 120 90
(9, 900) (6, 1280) (10, 800)
12 mo postimplant | 190+£166 mg (201) 168+167 mg (521) 145+136 mg (89) 0.0808
160 120 100
(10, 900) (4,1280) (10, 800)

Panel A shows GDMT has consensus in patients with HFrEF and not HFpEF. Panel displays the total daily diuretic dose in
furosemide equivalence during follow-up in patients experiencing worsening, unchanged, or improved CKD stage. CKD indicates
chronic kidney disease; GDMT, guideline directed medical therapy; HFpEF, heart failure preserved ejection fraction; and HFrEF,
heart failure reduced ejection fraction.

“Pvalue from 1-way ANOVA test. Continuous variables are reported as meanSD (n), median, (min, max, mg).

Circ Heart Fail. 2023;16:¢009721. DOI: 10.1161/CIRCHEARTFAILURE.122.009721
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In addition, a relatively low percentage of patients in
this study were prescribed renin-angiotensin-aldoste-
rone system antagonists, especially in light of the preva-
lence of comorbid diabetes (>50%). It is possible that
mortality rates may have been influenced by low renin-
angiotensin-aldosterone system antagonist use.

Conclusions

In summary, hemodynamic-guided HF management in
patients with concomitant CKD was associated with
lower 12-month hospitalization rates compared with
the 12 months prior to enroliment in all eGFR quartiles.
These beneficial HF outcomes were temporally associ-
ated with reduced PAPs over time, which was predomi-
nately achieved by increasing doses of loop diuretics.
Renal function remained relatively stable in most patients
and worsened in those with baseline CKD stage 1 or 2.
Patients with the most advanced CKD tended to have
the most opportunity for renal function improvement over
time. Hemodynamic-guided HF management remains
effective and safe in patients with comorbid CKD.
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