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Abstract

Patients with heart failure (HF), particularly those with impaired renal function receiving renin—angiotensin—aldosterone sys-
tem inhibitors (RAASis), are at risk of hyperkalaemia; when hyperkalaemia is severe, this can have serious clinical conse-
quences. The incidence, prevalence, and risk factors for hyperkalaemia reported in randomized trials of RAASis may not reflect
clinical practice due to exclusion of patients with elevated serum potassium (sK*) or severe renal impairment: information on
patients managed in routine clinical care is important to understanding the actual burden of hyperkalaemia. This paper re-
views the available clinical epidemiology data on hyperkalaemia in HF and considers areas requiring further research. Obser-
vational studies published since 2017 that focused on hyperkalaemia, included patients with HF, and had >1000 participants
were considered. Hyperkalaemia occurrence in HF varied widely from 7% to 39% depending on the setting, HF severity,
follow-up length, and concomitant medications. Rates were lowest in patients with newly diagnosed HF and highest in pa-
tients with greater disease severity; comorbidities, such as chronic kidney disease and diabetes, and RAASi use, reflected com-
monly identified risk factors for hyperkalaemia in patients with HF. Hyperkalaemia was most often mild; however, from the
limited data available, persistence of mild hyperkalaemia was associated with an increased risk of mortality and major adverse
cardiovascular events. There were also limited data available on the progression of hyperkalaemia. Recurrence was common,
occurring in one-quarter to two-fifths of hyperkalaemia cases. Despite HF guidelines recommending close monitoring of sk*,
55-93% of patients did not receive appropriate testing before or after initiation of RAASi or in follow-up to moderate/severe
hyperkalaemia detection. Many of the observational studies were retrospective and from a single country. There is a need for
international, prospective, longitudinal, observational studies, such as the CARE-HK in HF study (NCT04864795), to understand
hyperkalaemia’s prevalence, incidence, and severity; to identify and characterize cases that persist, progress, and recur; to
highlight the importance of sK™ monitoring when using RAASI; and to assess the impact of newer HF therapies and potassium
binders in clinical practice. Data from both clinical trials and observational studies with adjustments for confounding variables
will be needed to assess the contribution of hyperkalaemia to clinical outcomes.
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Introduction <2.5 mEq/L, respectively).”? Hyperkalaemia can contribute

to peripheral neuropathy and cause renal tubular acidosis
Both hyperkalaemia and hypokalaemia can lead to serious and is associated with increased risk of mortality, which is
consequences and can constitute clinical emergencies when only partially explained by cardiac arrhythmia caused by se-
serum potassium (sK*) levels are extreme (>6.0 and vere hyperkalaemia, although hyperkalaemia may be an
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indirect rather than direct cause of increased mortality in
other instances (this is discussed further in a later section).>*

Because the kidneys play a central role in potassium (K*)
homeostasis,” and approximately one-third to one-half of pa-
tients with heart failure (HF) have renal insufficiency (defined
as estimated glomerular filtration rate [eGFR] <60 mL/min/
1.73 m?), patients with HF may be at greater risk of develop-
ing hyperkalaemia.® Renin—angiotensin—aldosterone system
inhibitor (RAASi) treatments for HF, especially mineralocorti-
coid receptor antagonists (MRAs), may also cause or exacer-
bate hyperkalaemia. RAASis, such as angiotensin-converting
enzyme inhibitors (ACEis) and angiotensin receptor blockers
(ARBs), indirectly interfere with angiotensin Il-mediated stim-
ulation of aldosterone, decreasing renal blood flow and in-
creasing sK*, and MRAs directly block the interaction of aldo-
sterone with its receptor, reducing renal K* excretion.” Other
factors that may play a role in the development of
hyperkalaemia include the severity of HF, diabetes mellitus,
acidosis, exercise, K infusion/oral intake, and advanced
age.®?

In patients with HF with reduced ejection fraction [HFrEF;
left ventricular ejection fraction (LVEF) <40%], RAASis,
including ACEis, ARBs, angiotensin receptor—neprilysin inhibi-
tors (ARNis), and MRAs, together with beta-blockers (BBs)
and sodium—glucose cotransporter-2 inhibitors (SGLT-2is)
have been shown to increase survival, reduce the risk of HF
hospitalizations, and improve symptoms.’®? These thera-
pies are, therefore, recommended for patients with HFrEF
by the latest HF guidelines.*>*? In a review of hyperkalaemia
in clinical trials of RAASis in patients with hypertension, HF,
or chronic kidney disease (CKD), the rate of hyperkalaemia
(sK* >5.5 mEqg/L) in patients on RAASi monotherapy was
low (<2%), but was higher (5%) in patients on dual RAASI
therapy, and was highest (5-10%) in patients with HF or
CKD albeit with small increases in sK* of 0.1-0.3 mEq/L and
low rates of study discontinuation due to hyperkalaemia.’”
However, a more recent systematic review of clinical trials
of ARB, ARNi, and MRA therapies in patients with HFrEF
showed rates of hyperkalaemia (sK* >5.5 mEq/L) varying
from 0.6% to 30.2%," with the lowest rate in the ELITE trial
of the ARB, losartan (only hyperkalaemia leading to treat-
ment discontinuation is reported for the study),'* and the
highest rates in the EMPHASIS-HF trial of the MRA, eplere-
none (11.8% vs. 7.2% on placebo) (Figure 1),*> as well as a
subgroup of patients with worsening renal function on
spironolactone in the RALES trial (30.2% vs. 13.3% on
placebo).’® Indeed, the RALES and EPHESUS clinical trials
showed patients with an eGFR <60 mL/min/1.73 m? receiving
the MRAs, spironolactone, or eplerenone, had higher rates of
hyperkalaemia (skK* >5.5 mEq/L) (22.1-25.6% on an MRA vs.
8.5-13.8% on placebo) as well as a higher proportion
of experiencing worsening renal function (eGFR reduced 20—
30%) compared with patients receiving placebo (16.9-17%
vs. 7-14.7%).16718

In general, conclusions on the extent of hyperkalaemia in
HF from interventional clinical trials may be limited by inclu-
sion of carefully selected populations with the patient selec-
tion criteria often inherently minimizing the risk of
hyperkalaemia: for example, patients with elevated sk* and/
or CKD may be underrepresented.’® Furthermore, data on
hyperkalaemia in clinical trials may be limited to patients
with sK* >5.5 or 6.0 mEq/L, and HF therapy discontinuation
with hyperkalaemia as a contributing factor may not be re-
ported in all cases. Such limitations in data from interven-
tional clinical trials may consequently impact how these in-
terventions are used in clinical practice—hyperkalaemia and
fear of hyperkalaemia have been identified as leading causes
of the underuse or underdosing of guideline-directed medical
HF therapies in clinical practice.?>*? Following the results of
clinical trials on MRA use in HF described above,>™*® only
18-33% of patients with HFrEF were found to be treated with
an MRA in clinical practice.’®** In contrast, other RAASis
were found to be used in a greater proportion of patients,
with ACEis/ARBs/ARNis used in approximately three-quarters
and BBs used in approximately two-thirds of the patients
studied in clinical practice.?®**

To understand the actual prevalence and incidence of
hyperkalaemia and associated risk factors in routine clinical
care, observational data are needed. This review assesses
the currently available epidemiology data of hyperkalaemia
and its risk factors in patients with HF treated in clinical prac-
tice and discusses the considerations for future observational
studies to further understanding of the epidemiology of this
condition in HF.

Selection of observational studies

Observational studies published since 2017, focused on the
occurrence of hyperkalaemia, that included patients with HF
and had >1000 participants were found by searching of
MEDLINE using PubMed and were supplemented by author
recommendations. Data have been referred to as prevalence
orincidence as stated in the cited reference and as prevalence
in instances where prevalence or incidence is not stated and
new cases are not specified. Most of the identified references
are of retrospective studies; only two prospective studies were
identified, both of which are patient registries.>%®

Prevalence and incidence of
hyperkalaemia

Hyperkalaemia is typically defined as sk* >5.0 mEq/L,>” with
mild, moderate, and severe hyperkalaemia defined as
sK" >5.0 to <5.5, >5.5 to <6.0, and >6.0 mEq/L,
respectively.?® The prevalence of hyperkalaemia is infrequent
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Figure 1 Hyperkalaemia (HK) occurrence, risk factors, and key areas for future research in patients (pts) with heart failure (HF). *See Table 1 for fur-
ther information on the observational studies cited. 'See Box 1 for details of comorbidities and patient (pt) characteristics. *Four pillars of therapy
include angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ARBs)/angiotensin receptor—neprilysin inhibitors, mineralocorticoid
receptor antagonists (MRAs), beta-blockers, and sodium—glucose cotransporter-2 inhibitors. AE, adverse event; discont., discontinuation; FU, follow-
up; GDMT, guideline-directed medical therapy; RAASis, renin—angiotensin—aldosterone system inhibitors; sK*, serum potassium.
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in the general population (0.035%%°), and patients with
hyperkalaemia commonly have CKD, diabetes, or HF (58.9%,
39.7%, and 11.3%, respectively, vs. 1.1%, 13.1%, and 1.3%, re-
spectively, in matched non-hyperkalaemic controls).?” In clini-
cal practice, the prevalence of hyperkalaemia ranged from
2.6% to 12.8% overall**>° and from 8.6% to 25.0% in patients
with HF and/or CKD,?°~3! and the crude rate of hyperkalaemia
was more than double in patients with HF than in patients
overall (491 vs. 224 events per 1000 patient-years; Supporting
Information, Table $1).32 Overall, the majority of cases of
hyperkalaemia in these studies were mild.3*™33

In patients with HF, the prevalence of hyperkalaemia var-
ied from 7% to 23% within 6 months prior to study inclusion
to up to 1 year of follow-up,?>?3%343% 3nd the incidence var-
ied from 25% to 39% in studies with 1-3 years of follow-up
(Figure 1).3%3¢73% Occurrence of hyperkalaemia varied de-
pending on the care setting, severity of HF, length of fol-
low-up, and concomitant medication exposure (Table 7 and
Supporting Information, Table SI), with cases more fre-
quently mild than moderate/severe.?>3%343%38 Qyer time,
the incidence of hyperkalaemia in patients with HF can be
large: in one study, the incidence was 39% with a mean
follow-up of 2.2 years, and the cumulative incidences for
hyperkalaemia were 25% within the first year and 32% within
3 years of HF diagnosis.*® Notably, patients with HF and co-

morbidities, such as Stage 3a—5 CKD, had an even higher inci-
dence (26-48%) of hyperkalaemia within the first year.3® The
lowest prevalence of hyperkalaemia in these studies (6.6%)
was in patients with newly diagnosed HF.3* The rate of
hyperkalaemia in patients with newly diagnosed HF was also
lower than in HF overall (323.5 vs. 490.6 per 100 patient-
years).>*** |n agreement with this, patients with more severe
HF as determined by higher New York Heart Association
(NYHA) functional class and lower LVEF were observed to
have higher rates of hyperkalaemia,>>** with one of these
studies identifying higher NYHA functional class as an inde-
pendent predictor for hyperkalaemia.”®

Patients with HF requiring more than two non-urgent care
or emergency department (ED) visits at least 2 years apart,**
or admitted to a hospital for HF,>>*> have a high likelihood of
hyperkalaemia (61% and 4.6—12.9%, respectively) (Table I).
Similarly, patients with HF and hyperkalaemia may require
acute-care hospitalization or ED visits, although neither HF
nor hyperkalaemia was specified as the reason for these
visits.3*3¢ For example, in one of these studies, 74% of pa-
tients with HF who developed hyperkalaemia had any
acute-care hospitalization 6 months after hyperkalaemia vs.
53% of patients 6 months before the hyperkalaemia event
[before—after risk ratio, 1.41; 95% confidence interval (Cl),
1.38-1.44).%¢

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661

85U8017 SUOWIWIOD BA 11D 3ol (dde 8y} Aq peuenob a1e eI VO ‘SN J0 S8|NJ 10} AReiq 1 8UIIUO /8|1 UO (SUO R IPUOD-PUe-SWLBH LD A8 |IM"AReIq 1[u 1 JUO//SA1Y) SUORIPUOD PUe Swie | 83 88S *[7202/90/2T] uo A%eiqiauljuo AB|IM ‘58 L Ad 99T ZUe/200T OT/I0p/Lwod" A8 M Alelq1jeuuo//Sany woj papeo|umoq ‘0 ‘2z8ass0e



20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

D.E. Grobbee et al.

%C'T e
Sisoubeip 4H

EJELEN
/31eISpOW %6'T o
PlIW %80T o
Sisoubelp 44

%/ | :duoldejouolids
%CE sqdv

%LE S1IDV

%9 :Juawuiedwi
|euaJ 2Jans

%81
:Aydixue/uoissaidag
%S -ewyise/ad0D
% LY ‘LH

Sov L1

eljessny ul bumas
9d1oeld |essuab
Jo Apnys poyod

SE

VN JO Bwliy 1e adud|eAdld JO dwi} 1e adus|enald 4H YUM |[esdnQ 81-€102 e1ep IS Yum 4H aAIpadsos3al IdVHS
%YT o opAledl Ul suun
EJEVEN yijeay anly Jo Apms
VN VN /31elapowl 9dudlensld 028 4H YHm |[esanQ /1-0102 4H 11040d aA1309ds0.1ay
%EL sad
ERITEIIIIREY] %7/ :SEUV/SIIDV
404 (1000 > d 4344H U]
‘08°€T-¥T°€ 1D %S56) %EE ‘N
sppo Jays1y £5°9 %99 :elwaepidijsiq
aAed dn-mo||oj Sulnp %19 1H
1/IoWW GG MS BUD . %61 :dd0D
1000 > d ‘(s8'¢ 90UBLINIBI %6 %9¢€ 4V
—GY'T) LE°7 :dUIUEAID 2J9N3S %TT o %9% :4344H
00’0 =d EIEVEN a|qe|lene
(6T'€—€0°'T) 08T {INQ o /21eJ9pOW %97 e elep ||} yum syuaned mmEJ_m_wm ul [eydsoy
(1D %S6) sieaf 6°9 Jo dn-moj|o} 00t 15114 UO ejep frensy s|buis e
YO sisAjeue a1euennynip VN ueaw }e adud|enaid 1L16T 4H YUM [|eIdnQ /1-0002 4H 1e Apnis anpdadsonay
(98°0-89°0) 9£°0 Jeah e ulyum
:s8nup anisuaadAy-nnuy e (syuswaunseaw
(22 T-vT'T) 9¥'T sonaunip 40 %05<)
Suieds-wnissejod e a3si1siad %0
(T£°0-95°0) €9°0 pue ‘(syuswaunsesw
:so132.nIp apizelyl/dooT e %0S> INq
(0£°T-€2°T) S¥'T se32qeIq o 92U0<) UL
(26'0-¥8°0) 88°0 :IING %T'T ‘(9ua1indd0
(zez-v07) 8T°C 9UO) JUBISURIY %E'E ©
L €L T/UIlW/IW 09> Y499 o (1/b3w 6'¢ EIEVEN »e593eIS
(0£'0-61°0) 85°0 :9%e4 XYEIg —G'E) PIW %H°0C o /318I3pOW %6°0 o pauun sy} ul aseqelep
(06'0-08°0) 58°0 :98V %0E o PlIW %L’ e uonensiulwpy
CIEVEN Sisoubeip GStsoubeip SUBJIDIDA SpIMuUOIleU
/91eJ9POW Y}IM SUOIIRIDOSSE 4H 01 Joud syjuow 9 4H 03 Joud syjuow 9 /80 Z¥L SN jo Apnis
Buo.1s YUM (1D %S6) HY UIY}IM 30Ud|endld UIYIIM oUd|enald 4H YHM |[esanQ €1-500¢ 4H pasoubelp AimaN 11040d aAIadso.1ay
elwae|exysadAy elwae[exyodAH elwaeexysadAH umop>ealq SIE9A paipnis uonejndod Apms
10} S1010€) JSIy uonejndod

9duUs|enald

pue u |je;anQ

4H yum syuaned jo saipnys ul elwaelexsadAy 1oy sio1oey dsu pue ejwaeleyodAy pue eiwae|esuadAy Jo aduUapIdUL pue dUdjerdld | djqeL

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661



20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Epidemiology of HK in HF

(%1T 'sh
%¥C) sguV o
(%0t "sh
%LY) SIV o
uoneasipaw
Q3‘>>0__Ov~ OAIRI3Y e
(%S¢ "sn
%TL) 1SYVY Auy o
(%Y "SA %LT)
J0}glyul 2U0Ja31sop|lyY o
(%TT "SA %92) squV o
(%LT "SA %LS) SIDV o
uonesipaw
SUl|9Se( DAI203Y e
(%EE "SA %) 4V =
(%V€ "SA %6¥) AAJSY =
‘39 ‘sisoudelp
JelpJed snolnald o
(%ee
'SA %89) %0¥> 43A1 o
(%6 "sn
%S¢€) Aduaiyynsul |eusy o
(%¥T "sn
%GE) JMows o
(%62 "SA %0S) NG o
(%L1 *sn
%T.) elwaepidiadAH o
(%€L SN %06) 1H o
‘AAD Yyum
P31eI00Sse Si01oe) JSld 9ABH e
(%9% "SA %6v) 3jew o9 e
(s4e2A T/ "SA €/) J19pl0 @g e
01 Ajayy1] 10w
(L00°0 > d) Apuesyiubis
2Jom elwse|exiadAy

%19 o

EEEBY

S}SIA Q3 JO 24ed
1uabin-uou ‘areledas

;533815
payuN ay3 Ul
aseqelep aJedyy|esH
ulelUNOWLISIU| O

1NOYUM “SA YLM Sjudiled VN LSdUdjersld 4H Y1m ||essnQ 81-€00¢ Z< pue 4H yum synpy Apnis anndadsoliay
98Jeydsip Uo %p'9 e 984BYDSIP UO %/ e ch_mam ui Aysibais
uolissiwpe uo %z'g e uoissiwpe Uo %9y e I HODOSNId3Y 0
VN 9oud|enald 9oUd|enald 6LL1 :AH yum |jesanQ VN 4HV Yum pazijeyidsoH Apnis aanpadsoulay
}ISIA @3 ue buuinbai sjuaijed
%L
:ueyples|en/|lilignoes
elwae|exysadAy elwae[exyodAH elwaeexysadAH umop>ealq SIE9A paipnis uonejndod Apms
10} S1010€) JSIy uonejndod

9duUs|enald

pue u |je;anQ

(panunuod) | ajqey

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661



20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(%6€
'SA %8°GC) SYYIN + SguY
/S130V YUM pal1eal) 10N e
[(%z9
SN %6'7T) W €L T/UIW
/W 0€> Y499 pue (%Z'6T
'SA %C'TS) Tp/3W §T<
|9A3| auluneald e >ﬂ
passasse] paJiedwi Ajjeuay e
(%6°LT "SA
%T°'TS) QD dAeH o
(%S°ST "sA
%C'8€) J2geIq e
(%6'Tt "SA %G'8Y) JIWSeYdS| o
(%8°9T 'SA %9°0€) djewda] o
[(%0°1S
"SA %°79) S4e9A 0£<] 43P0 e
:Ajpusanbauy
2/0W 2SJoM elwse|eyowlou
“SA w._w>®m\wu.m._wﬁo_.t
yum syuaned 4HD

D.E. Grobbee et al.
ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661

(%9°Cy

‘SN %T°CE) SYHIN + sauV
/S130V YUM paleat) 10N e

[(%L°0T

"SA %T'SY) W €L'T/UIW

/1w 0€> Y493 pue (%9°5Z

"SA %TTL) IP/3W §T<

|9A3| aulunneald e >o_
passasse] paJiedwi Ajjeuay e

(%9°95 (le3on
'SA %8°'T9) %0¥> 43A19AeH o Ul %6'¢7T) 249n9s
(%€°0€ "SA %8°09) AND 9neH o /21eJapow %9°¢
(%6°8€ "SA %T'¥S) d11_qeiq pue pjiw %9°TT :4HD e
(%€°8T (1exon
SN %8°L€) 9AISUR10dAH o Ul %6°ZT) 9J9N9S
“>_ucm36m\_+ %Y'TAHD o /31eIapow %€y
2J0W BJIM elwde|eyowlou %86 HHY o pue pliw %9°8 :4HY e 685/ dHD m~>_3_
'SA 9J9A3S/31eI9pOowW Apnis ui Apnis ul 97/ HHV 4HD YHM IO JHY 40} ul As1bas 4H-N|
yum syuaned 4Hy uoISN|DUl 3B dUd|endld uolsnpaul }e dud|endld GLEG :||eIDNO 10Z |eyidsoy 03 paywpy }o Apnis annadsoid

(%SS "SA %99) 1SYVY Auy o
(%CT "SA %T2)
J01qIyul SU0JIISOPIY ©

elwae|exyadAy elwae|eyodAH elwae|eysadAH umopeaiq SEYN paipnis uonejndod Apnis
10} S101084 JSIy uonejndod
9oUd|endld pue u ||esdnQ

(panunuod) | ajqey




20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Epidemiology of HK in HF

(senunuo)d)

VHAN o
(9g'z-2L'T) 10T
:sisoudelp 1e uonezi|eydsoq e
(0¥'T-90°T) 2T'T :AdOD »
(TS'T-9T'T) EET NG »
(19T
—LTT) EF'T /302> qH o
(€5°5-0°€)
0Tt :0€> o
(95°€-20°2)
89°C ‘7v—0€ o
(59'7-€5°1)
10°C :65-S¥ o
(£8'T-€T°T)
9t'T :68-09 o
91 :14+06 o

4344H %TE o
434W4H %8'€ o
43d4H %9t o

dn

4344H %96 o
43JW4H %9°0T o
43d4H %¥'IT o

dn

%G/ 1$o121N1Q

(W €L T/UW/IW) Y493 o -MO||04 JO JedA T uIyIMm ] -MOJ|04 JO JedA T ulyum %9€ SVIIN
(2L T-0€°T) 6¥'T S-SV o /03w 0°€> IS pey %L'E o 9JaA9s/a1eI9pOoW %7 0T e %€8 599
21 Gp>01y o 4344H %0°8T o 4344H %L VT o %18 SgUV/sI3DV
(680 43JW4H %S°0C o 434W4H %C°CC o %91 :Ad0D
—0£'0) 6L°0 %> 01 G'€ o 43d4H %9°'ST o 43d4H %8'ST o %LE AV
(1/b3w) Ms1g e dn dn %S N
(£6'0-££°0) 98°0 :UdWOM o -MO||0} JO JeA T ulyum -MOJ|04 JO JedA T ulyum %61 [INa
(S0°0 > d) suoijenosse 92UO 1SB3| 18 %E'0C o 92UO 1SEd| 1B %b'vT e %0€ :1H 1£USPIMS
1s9bU0IIS YUM (1D %S6) HH ERIIEToJull]] 2dUdpPPU| 818G 4H YUM ||esanQ 11-9002 4H ul A13sibas {Hapams
AjaAnoadsal
‘%09 PUB ‘%S ‘%EY Sem
1USAS YHNoy 4o ‘paIyl
‘PU0IIS JO YSM QUIAD
1544 B YUM 9SOyl U| e
SJ1eaA €70 1JUIND
(¥S'T-2v'T) 1SIY 03 BWI} UBIPIN %CT :SAIVSN
8'T :9sn auojoejououids e Jeah 1suy uiyum %6E€ :s213aIn1p dooq
(EV'T-O0E'T) PE'T :ANd o %87—9¢C ‘A G—eE 38eIS o %L | :duopejouolids
(6V'T-€V'T) 9P'T :QMD o sisougelp 4H Jo siedh € %L € 99
(SP'T-CET) 8ET NG UIYUM %Z€ pue Jead 1siy %11 sguv
(zr i) L€ sishela o %S¢ DS 2AEINWNYD o %¥C S1I3DV
(TTe-6v'7) €8T ST> o sieah-uosiad %81 :ddd
(LT'T-v6'T) SO'T :67-ST © 000T J2d (18T %L1 :AND
(SY'T—€€'T) 8E'T ‘¥v—0€ o —SLT 1D %S6) 8LT ¥l o %<9 ‘1H
(W eLT/UIW/ W) ¥493 o siedh 7'z %Ly ‘@D gHewuaq uiayrioN
s10121paid 1sabuouls 10 dn-moj|o} ueaw %61 [N ur Apnis 1oyod
10} (ID %S6) Okl sdus|ensld VN B YUM %6€ :20Uapidu| e 679 LE dH YHM |[eI9AO 71-000¢ 4H aAiRsabuo) paseq-uoie|ndod
elwae|exysadAy elwae|eyodAH elwae|exysadAH umop>ealq uonejndod SIEdA paipnis uone|ndod Apnis

10} s101oey ysiy

9dULpIdU|

pue u [[e1danQ

(panunuod) | ajqey

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661



20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

D.E. Grobbee et al.

"pa1yDads JoU 2I9M S3SED MBU pue P3)sa} 9S0Y3 4O 1IN0 elwaeexsadAy yum siusijed |je 01 spew sem sdualayal g ‘Jaded ay3 Ul pajels 10U Sem adudjendld,

I/b3w g g> s se pauyap elwaejexodAy “Ajpanadsal “1/b3w 0'9< pue ‘0'9> 0} §'G< ‘G'G> 0} 0'G< IS se pauldp elwaeexadAy aianss pue ‘sjesspow ‘piiA

4H YSIpams ‘JHapams ‘wnissejod wnias ‘IS ‘Bbunies 34ed Aewd uelesisny syl ul ainjie4 LesH 4o Apnis ‘JdHS ‘o11e a1el “gy ‘s101qgiyul waisAs suoialsop|e—-uisusiolb

-ue-uluaJ ‘sISYVY ‘aseasip Jejndsen |esayduad ‘gAd ‘01el SpPOo ‘YO ‘UONeIPOSSY LeaH JIOA MBN ‘YHAN ‘sbnip Aioljewweljui-iue |eploials-uou ‘sqiySN ‘d|gejieae Jou ‘yN :sisiuobejue
J01dedaJ PI0d1I0d0[RIBUIW ‘S\YYIAl ‘UOIIDIRLUL |eIpJed0AW ‘||A ‘uondel) uodale JejNdLIUBA 43| ‘4IAT ‘9181 9dUSPIDUI ‘Y| ‘2iN|le4 1IeaH UO YI0MIIN ueljel] ‘JH-N| ‘uoisuanadAy ‘IH ‘ones
pJezey "YH ‘uonoel) uoinafe padnpal Yum ainjie) 1esy ‘4344H ‘uoindel) uondsle paasasaid yum ainjie) Jeay ‘43d4H ‘uoidely uondafe pasnpas Ajpjiw yum aunjies 1eay ‘431W4H ‘ainjiey
yeay ‘4H ‘uigojbowsey ‘qH ‘e1el uonell|i} JejnIswolb palewlss ‘Y4Ha Quawiedap Aouabiaws ‘q3 ‘snijPw sa1aqelp ‘N ‘9SeasIp Jejndsenogalad ‘gAd ‘esessip Aleuowind dluoayd
'adD ‘aseasip Areuow|nd aA13ONIISAO J1UOIYD ‘QdOD ‘Oseasip Asupiy d1uoiyd ‘@D [eAIS1ULI 9DUSPIIUOD ‘D fBJnjie) 1eay dluoiyd ‘JHD xapul ssew Apoq ‘||Ag ‘duljeseq “1g !s19x20]q-e1aq
'sgg ‘9seasIp Je|ndSeAOIpIed D11043[2S0UaY1e ‘QADSY ‘S49320|q J01dadau uisudlolbue ‘sgyy ‘@injie) Jeay 91nde ‘JHy ‘uone||Lqy [eLye ‘4y ‘si0liqiyul swAzus buuaauod-uisuslolbue ‘si3oy

VN

(L0'T-99°T) S8'T 'SYHIN

(¥6'0-0L°0) T80 :s99
(88°7-St'T) SO'T Al o
(LTz=9€T) 2LTH o

(99°'T-90°T) €€T Il ©

I o

sieaA-juaied
000T 42d (T°LT
~T'ST 1D %56) T'9T *¥l o
2JOA3S %9'E e
sieaA-juaied
000T 42d (T°Z8
—8'LL 1D %56) 6'6L “¥l o
219N35/21EI9POW %8 CT o
PlIW %S6T o
sseah-juaned 000T
J1ad (6°L2E-T'6T€
1D %S6) G'€ETE Ml o
%6°GE :20UBPIOU| e
dn-mojjoy Jo sieak € 1anQ

sieaA-juaned
000T 42d (¢'€S
-6’67 12 %S6) LTS ¥l o
%6 :90UBPIDU|
dn-mojjoy Jo sieak € J1anQ

%S sad

%L§ SI3DV

%19 s31381niq

%€9 SISVVY

%L ‘add

%1Z ‘eluyihyiy

%S NG

VEE LT 4H YIMm ||BIsAQ

ge&iopbuDy

psuun syl uryuleleg
yoJeasay adipdeld
jeawuid jo Apms
10yod aA1dadsollay

4H pasoubeip

51-900¢ Amau yum synpy

elwae|exadAy
104 s101oey ysiy

elwae|eyodAy elwae|eysadAH

9dULpIdU|

umopsealq uonejndod
pue u ||esdnQ

SIeaA paipnis uone|ndod Apnis

(panunuod) | ajqey

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661



Epidemiology of HK in HF

Prevalence and incidence of
hypokalaemia

Hypokalaemia is typically defined as sK* <3.5 mEq/L.** The
prevalence and incidence of hypokalaemia have also been
assessed in observational studies, including patients overall
(incidence 13.6% over 3 years),>! patients older than 55 years
(prevalence 1.0-1.2% per year),*® and patients with HF (prev-
alence 1.2-9.8% within 6 months prior to or at the time of
study inclusion, varying by setting and severity of HF, and in-
cidence 24% over 1 year of follow-up) (Table 1 and
Supporting Information, Table §1).2>:343>37:42

Prevalence and incidence of
hyperkalaemia in patients on renin—
angiotensin—-aldosterone system
inhibitors

The prevalence and incidence of hyperkalaemia have also
been specifically studied in patients receiving RAASI therapies
in clinical practice, including some patients with HF,?>*3** as
well as being studied in HFrEF specifically,2® with recent sys-
tematic review/meta-analyses of patients prescribed with
RAASis* or an ARNi specifically*®*” (Table 2).

In RAASI (ACEis, ARBs, and MRAs) users, the prevalence of
hyperkalaemia was 64.5% overall (71.6% in new RAASi users)
in a large retrospective cohort study in the United Kingdom
with an incidence rate of moderate/severe hyperkalaemia
of 1.30 (95% Cl 1.28-1.32) per 100 patient-years.** In studies
of new users of ACEis/ARBs** and MRAs,?? incidence of
hyperkalaemia was 5.6% and 18.5%, respectively, with both
studies showing that the incidence was higher compared with
propensity score-matched cohorts of new BB users who were
not on ACEis/ARBs and MRAs (4.4% and 6.4%, respectively).

In terms of HF specifically, one study of patients treated
with ACEis/ARBs (74%), BBs (83%), and/or MRAs (55%) found
the prevalence of hyperkalaemia to be 8% overall and 12.3%
at 9 months of follow-up after up-titration of ACEis/ARBs.%®
In a systematic review of observational and interventional
studies of patients with HFrEF prescribed with RAASis, the oc-
currence (prevalence and incidence were considered alto-
gether) of moderate/severe hyperkalaemia was 2.0-38.2%
(1.6-23.6% severe) in observational studies with combined
use of RAASis vs. 2.8-19.0% for moderate/severe
hyperkalaemia (0.5-5.6% severe) in interventional studies of
RAASis.*> Furthermore, in observational studies, there was a
4-fold to 13-fold increase in risk of hyperkalaemia when
spironolactone or another MRA was added to background
ACEi and/or ARB therapy, which is higher than risk estimates
in clinical trials.*® In a systematic review/meta-analysis of pa-
tients with HFrEF prescribed with sacubitril/valsartan in clini-

cal practice, the incidence rate of moderate/severe
hyperkalaemia was 12 (95% Cl 5-19) per 100 person-years,*®
which was slightly higher than the 10 and 7.3 per 100
patient-years in MRA-treated and non-MRA-treated partici-
pants, respectively, in the PARADIGM-HF study.** Overall,
these values suggest that there is a higher prevalence and in-
cidence of moderate/severe hyperkalaemia in clinical prac-
tice than clinical trials. However, in another systematic re-
view/meta-analysis of patients with HFrEF prescribed with
sacubitril/valsartan in observational studies, the incidence
of moderate/severe hyperkalaemia was 2.1% in men and
2.3% in women with a follow-up of 2-12 months*” vs. 7.2—
16.1% in randomized controlled trials.**>* Nuechterlein
et al.*’” speculate that this lower incidence in observational
studies than clinical trials could be due to less frequent sk*
monitoring in clinical practice than clinical trials, and this is
discussed further in a later section.

Observational studies of RAASis have focused on ACEis,
ARBs, and MRAs (primarily spironolactone), with systematic
review/meta-analysis of ARNis focused on sacubitril/valsar-
tan. There is a lack of data from clinical practice on newer
HF therapies. A meta-analysis of clinical trial data suggested
that there was a lower relative risk of hyperkalaemia with
ACEi/ARB treatment combined with finerenone than com-
bined with eplerenone or spironolactone in patients
with diabetic nephropathy.>®> Data from FIDELIO-DKD have
shown that finerenone was independently associated with
hyperkalaemia in patients with CKD and type 2 diabetes,>>
and data from the FIDELITY pooled analysis of the FIDELIO-
DKD and FIGARO-DKD trials, comprising 7.7% of patients
with HF (patients with symptomatic HFrEF were excluded),
have shown higher rates of hyperkalaemia (14.0% vs.
6.9%), serious hyperkalaemia (1.1% vs. 0.2%), and perma-
nent discontinuation due to hyperkalaemia (1.7% vs. 0.6%)
in patients receiving finerenone than placebo.>® Further-
more, in FIDELITY, hyperkalaemia was reported more fre-
quently in patients with poorer eGFRs.>>*® However, an in-
direct comparison of clinical trial data showed lower
rates of moderate/severe hyperkalaemia in patients
treated with finerenone than those treated with
spironolactone and a K' binder (11.6% vs. 35.4%).°” The
rate of hyperkalaemia with finerenone in patients with
HFrEF will be established when data from the Phase 3
FINEARTS trial (NCT04435626) are available in 2024.% Re-
sults from DAPA-HF indicate that hyperkalaemia is less fre-
quent in patients treated with MRAs in combination with
dapagliflozin than in combination with placebo,*® but, as
yet, there are no studies of hyperkalaemia prevalence
and/or incidence in patients with HF treated with SGLT-2is
in clinical practice. Given that there may be differences in
the prevalence and incidence of hyperkalaemia between
clinical trials and observational studies, data on
hyperkalaemia in patients with HF receiving these newer
therapies in clinical practice are warranted.
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Risk factors for hyperkalaemia

Characteristics of patients with hyperkalaemia include older
age, 30318981 particularly in patients >80 years old,?® being
male®%%? (although a higher proportion with hyperkalaemia
were female in one study®®), and being non-White.®?
Patients with comorbidities such as HF,>*** more advanced
CKD,?93161%62 reduced renal function,3>° diabetes,>°>11
303161 higher Charlson Comorbidity Index
(cc1),®® and peripheral vascular disease®*®* were also at
increased risk of hyperkalaemia. Patients
receiving ACEis,>>%®1 ARBs,>?*®1 MRAs,3*%! and/or BBs*!
and/or not receiving loop/thiazide diuretics or other blood
pressure medication®*®* were at increased risk of
hyperkalaemia (Table 1 and Supporting Information, Table
S1). Likewise, in studies of patients receiving RAASis (ACEis,

hypertension,

ARBs, and MRAs),** MRAs,*? and ACEis/ARBs,*® similar char-
acteristics as those mentioned above were observed in pa-
tients with hyperkalaemia (Table 2).

Similarly, in patients with HF specifically, there were a num-
ber of factors relating to patient characteristics, comorbidities,
and the severity and treatment of HF that have been identified
as risks for hyperkalaemia (Box 1 and Figure 1). Factors such as
impaired kidney function and diabetes were commonly identi-
fied as risk factors for hyperkalaemia in patients with
HF.2>263436:37.4145 \while, in most studies, RAASis*® including
ACEis,** ARBs,** and MRAs?%3%3741 yere identified as risk fac-
tors for hyperkalaemia in patients with HF, there was one study
that showed that no treatment with ACEis/ARBs + MRAs?> was
a risk factor for hyperkalaemia. This finding could be related to
the discontinuation of ACEis/ARBs + MRAs in patients who pre-
viously developed hyperkalaemia.

Box 1 Summary of risk factors for hyperkalaemia in HF

Patient characteristics
Older/advanced agezs'“'45
Non-Black race®*

Lower BMI**

Male”>*! although also female®”
Higher baseline Ne

Previous hyperkalaemia36

Hb < 120 g/L*’

Smoker™

Haematocrit <0.36*

although also younger age34

Higher NYHA functional class”’

LVEF < 40%”>**

Requires hospitalization37

No use of loop/thiazide diuretics®

No use of other anti-hypertensive drugs34
No use of digoxin26

HF severity/therapies

Comorbidities

Lower eGFR/higher creatinine/renal insuf‘ﬁ<:ien(:y25'26'34'36'37'41
Dial\ésis36

CKD 5,36,45

DiabetesZS,34,36,37,41,45

pvD*®

copp’’

Hypertension41 although also hypotension (in AHF)25
Hyperlipidaemia41

Ischaemia

e RAASIs:
o ACEis™
o ARBs"
o MRA526,36,37,41
e ACEis/ARBs + MRAs"
e Although also no treatment with ACEis/ARBs + MRAs*®
o No use of BBs®’
e Use of K™-sparing diuretics® plus trimethoprim or ACEi*

ACEis, angiotensin-converting enzyme inhibitors; AHF, acute heart failure; ARBs, angiotensin receptor blockers; BBs, beta-
blockers; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; Hb, haemoglobin; HF, heart failure; K*, potassium; LVEF, left ventricular ejection fraction; MRAs,
mineralocorticoid receptor antagonists; NYHA, New York Heart Association; PVD, peripheral vascular disease; RAASis, renin—
angiotensin—aldosterone system inhibitors; sk*, serum potassium.

No observational studies have so far identified risk factors
for hyperkalaemia in patients with HF receiving ARNis. How-
ever, clinical trial data from PARADIGM-HF showed that se-
vere hyperkalaemia was less likely during treatment with
MRAs plus sacubitril/valsartan than MRAs plus enalapril [2.2
vs. 3.1 per 100 patient-years; hazard ratio (HR) 1.37 (95% ClI
1.06-1.76), P = 0.02].*

Persistence, progression, and
recurrence of hyperkalaemia

There is limited evidence available on the persistence of
hyperkalaemia in the observational studies identified. One
study of patients with newly diagnosed HF defined
hyperkalaemia by the frequency of occurrence: transient
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hyperkalaemia was one occurrence; intermittent
hyperkalaemia was more than one occurrence, but <50% of
sK* measurements were elevated; and persistent
hyperkalaemia as >50% of sK* measurements were
elevated.®* This study found that the prevalence was 3.3%,
1.1%, and 0.4% for transient, intermittent, and persistent
hyperkalaemia, respectively, with the highest risk of mortality
in those with persistent [adjusted HR 1.7 (95% CI 1.5-1.9)],
followed by intermittent [adjusted HR 1.3 (95% CI 1.2-1.4)],
and transient [adjusted HR 1.3 (95% ClI 1.3-1.4)]
hyperkalaemia.>* However, these mortality rates likely also
reflect the underlying pathologies of the patients and treat-
ments they receive. Similarly, in a study including a broader
population of patients with sK* measurements in clinical
practice, with the same definitions of hyperkalaemia as the
previous study, even mild hyperkalaemia was associated with
adverse clinical and economic consequences in cases where
the hyperkalaemia was persistent or recurrent.®® The risk of
major adverse cardiovascular events (MACEs) was higher in
patients with persistently recurring hyperkalaemia than those
with transient hyperkalaemia [HR 2.31 (95% Cl 2.20-2.43),
P < 0.001].%® Again, the risk of MACE likely also reflects the
characteristics and treatment of the patients studied in each
cohort. For example, CCl was higher (4.3 vs. 3.1) and RAASI
use was lower (ACEi 30% vs. 48%; ARB 13% vs. 18%; MRA
37% vs. 25%) in patients with hyperkalaemia that was persis-
tently recurring than when it was transient.®® Indeed,
hyperkalaemia has been suggested as a risk marker for RAASi
discontinuation, and a large European registry study of pa-
tients with HF showed that after adjusting for RAASi (ACEi,
ARB, or MRA) discontinuation, hyperkalaemia was no longer
associated with increased mortality.* A further study of pa-
tients with Stage 3-5 CKD, a third of whom also had HF,
found a greater effect of transient (<50% of sK* measure-
ments were elevated) than chronic (>50% of sK* measure-
ments were elevated) hyperkalaemia on increasing the risk
of MACE vs. the reference of normokalaemia [HR 1.36 (95%
Cl 1.29-1.44) and HR 1.16 (95% Cl 1.05—-1.28), respectively].®*
In this study, patients with transient hyperkalaemia also had
an increased risk of hyperkalaemia on MRAs vs. patients with
chronic hyperkalaemia [odds ratio 1.76 (95% CI 1.66—1.87)
and odds ratio 1.26 (95% ClI 1.10-1.45), respectively].

In terms of progression of hyperkalaemia (i.e. when sK* in-
creases further and hyperkalaemia becomes more severe),
there is also limited evidence available from observational
studies. One study of patients with mild hyperkalaemia,
which included patients with HF, assessed sK* over 2 years
and found that 16.9% progressed to moderate/severe
hyperkalaemia and 8.7%  progressed to severe
hyperkalaemia.®?

There is evidence that recurrence of hyperkalaemia occurs
in approximately one-quarter to two-fifths of hyperkalaemia
cases in a large healthcare setting,! after ED discharge,®* in
RAASI users,*® in MRA users,? and in patients with HF.3%3¢

RAASi users had an increased risk of moderate or severe
hyperkalaemia if they had a history of hyperkalaemia than if
they did not [rate of 3.41 (95% Cl 3.28-3.54) vs. 0.74 (95%
Cl 0.71-0.77) per 100 patient-years].** In patients with HF
and a first hyperkalaemia event, risk of second, third, or
fourth event was 43%, 54%, and 60%, respectively.®®

Frequency of potassium monitoring

The most recent HF guidelines recommend closely monitor-
ing sK* levels of patients with HF initiating or receiving
ACEi/ARB/ARNi/MRA therapy.**? However, low rates of sK*
monitoring have been observed in clinical practice
(Table 3).3%32344385 £or example, although the majority of
patients with HF (83.0-95.5%) had sK* measured in the
course of a year,>*** many patients (55.4-92.8%) did not re-
ceive appropriate testing before or after initiation of MRAs®®
or ACEi/ARB,*® or in follow-up to moderate/severe
hyperkalaemia detection.®* In comparison, patients in clinical
trials, such as PARADIGM-HF, were evaluated every 2-
8 weeks during the initial 4-month double-blind treatment
phase, with sK* assessed at every study visit and further
checks advised for any patient with an sk* >5.3 mEq/L.**"*°

Notably, in a large retrospective cohort study in the United
Kingdom of patients with at least one of HF, resistant hyper-
tension, diabetes, Stage 3+ CKD, dialysis, and/or RAASi use
(ACEis, ARBs, MRAs, and renin inhibitors), the crude rate of
hyperkalaemia was highest in patients with HF and lowest
in patients receiving RAASis (490.6 vs. 211.0 per 1000 pa-
tient-years).2* Additionally, the frequency of sk* tests was
highest in patents with HF and lowest in patients receiving
RAASis (crude rate 2429.3 vs. 1216.2 per 1000 patient-
years).3? James et al.3? speculate that these data may reflect
a heightened awareness of hyperkalaemia in patients with
HF, discontinuation of RAASis following hyperkalaemia in
these patients, and/or treatment of patients with RAASis
who lack the comorbidities that may increase their
hyperkalaemia risk and who therefore did not require fre-
quent sK* monitoring. The accuracy of presented data on
prevalence and incidence of hyperkalaemia or hypokalaemia
may be influenced by the perceived risk of these conditions
in that patient population and resulting frequency of testing,
completeness of test results in clinical records, and/or lack of
data capture of laboratory results within the research data-
bases used for observational analyses. Patients perceived to
be at risk of hyperkalaemia are also more likely to have sK*
monitored and hyperkalaemia diagnosed.3**4438° For exam-
ple, higher proportions of mild and moderate/severe as well
as recurrent hyperkalaemia were detected in one study with
more frequent testing, with odds ratio for hyperkalaemia de-
tection of 4.17 (95% Cl 3.99-4.36) for 3—-4 sK* tests per year
and 17.26 (95% Cl 16.58-17.97) for >4 sK* tests per year.*?

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14661

85U9017 SUOLILUOD SAIR.D) 9|qed!|dde au Aq peuienol a1e safpie WO 38N Jo s3I Joj Areiqi auluo A8 |1 Lo (SUORIPUOD-pLe-SWLSY WD A8 | 1M Aleiq 1 pul|uo//:SdNY) SUOIIPUOD pue swid | U1 835 *[720¢/90/2T] uo Areiqiautiuo As|im 19 L Ad T99YT 24U8/200T OT/10p/Wod A5 1M Afelq1pul|uo//sdny Wo1) papeojumod ‘0 ‘22855502



20555822, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.14661 by Test, Wiley Online Library on [17/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3 38
83
(sanunuo)) ¢ m
S >
paIpN1s $110Yod JO 91eJ 1S9MO| (Y LTZT-66YTCT) 6T°9TTT SISVVY o %€ :1H Iuelsisay +¢ abe)s ‘se1aqelpjerdsoHy payul| pue yuljeleq m m
palpnas s310y0d Jo a1ed 15aY81Y (Ve SEVT—LT'ETYT) ST6TVT 4H o (%6) 01T 8 4H "LH 1uelsisal ‘H Yd1essay sdi1oeld [esiul)d Jo § S
sieaA-qusned QOOT Jod 3unlsal JO (1D %S6) 214 3pNI) e 091 LEG :||IAQ 81-£002 :uonipuod jo |< Apnis Loyod anndadsoliay m ...|_
»59181S panun ayy 23
SyPaMm ¢ ul aseqelep uonessiuiupy
UIYNM S JO Judwainseaw pajeadas panladal elwaeexsadAy 219A9s/3)1eIapow YUM %'l o /80 Z¥L SUeID1I/\ dPIMUOIIeU SN JO
4H 3USpIDUI JO Je3A B UIYUM IS JO JUSWIINSEIW T< PBY %E] o  :JH YUM |[eJanQ €1-500Z 4H pasoubeip AimaN Apnis 110yod aA13dads0.1aY
%S s44
%1G sI3DV
%19 s21134nig
%€9 SISYVY
%P1 :ddD
%12 erwyihyuy geopbuDy
(TO0'0 > d ‘%8'E€T "SA %8'LT) Jedh sad %S NG payun 8y} Ul juljeleq
SIUBWIAINSEAW NS G8'T> UBY} G8'T< YUM syudiied ul pajoalap Ajpuanbaly asow elwaelexiadAy YEE LT 4H pasoubelp yoieasay ad13deld [es1ul]d jo
Jeah Jad (£z'€-90°T) S8'T :(28ued ajiJenb-ua1ul) UBIPBIA e 4H YUM [|BISAQ G1-900¢ Aimau yum synpy  Apnis Hoyod anidadsoliay
SUOI1EJIP3W PIIPNIS |[B JO BSN PISEIOUI YHM PIIRIDOSSE S3S3} HS Juanbaly IO e
4493 MO| pue ‘GAD ‘IH ‘ING YHM pue ‘USW U3p|0 JI S1S3} S JUaNbaly IO e 9%EZ SISYVY UO Jeak buipadaud ayy
%6°EY PUB %6°ET 51591 p< = %91 N uiyym aJed juanedino
%8 7T PUB %/°9T 'S1S8) y—€ = %61 :AAD J10 juanedul
%E'TE PUB %69 SISO ¢-T = %S ‘1H ul JuswaJInsesw
:4H Ul pUE ||BJOAO PRISA) 3SOYL JO © (%8) 789 6T :4H aulunea.n LgUdPaMS
%SV PUB %Sy 'SIS91ON o painseaw 3 yum wnias Aloyeinquie ui 19foud NVIYDS 4O
4H Ul pue |[eJ9A0 JBDA/51S9] JO JAQWINN o GGG POE :||e4dNQ 11-900¢C 1< YHM synpy Apnis Hoyod aAidadsoliay
%¢ S99
%G :S21124Nn1p
Buueds-_
%
1$20324NIP JBY10
%LC SAIVSN
%91
8uloHUOW s INOYUM pUB YHUM YlOg T/[oww T @ )s duldsed o :dAd 40 ‘AAD ‘AVD
(1000 > d %€V 'sA %L1 ‘NG
%9°0T) ;W €£°T/ulW/IW 09> Y492 Jo 3oudlenratd Jaysiy pue (T00°0 > d ‘W EL'T/UIW/TW v6 (%6) L6LV 4H
'SA £8) Y499 JaMO| ‘Q¥D ‘INQ ‘4H YUM pue J3P|o JI JoU Ueyl PaxIaYd 3q 0} Al duow NS o painseaw Burioyuow
uonelul gyy 10 13DV Jale JedA T UIYUM PaXIaYD NS Pey 10U pey %pz e OIS yum >l pue auluneasn yum e, UIPAIMS Ul 129(oud
uolleiiul Juswiealy Jo Yiuow T UIYIM paxdayd s pey siasn gyVv 10 130V MBU JO %PE e 966 ¢S :|[eI9A0 01-2007 S49sn gyy/1IDV MaN  INVIYDS 40 Apnis poyod
Sunsel Alojesoqe| ajeldosdde Jo pooyiay| 193e2.3
B UY}IM paleldosse asn d13aanip pue ‘sisoiodoalso ‘wsiplodAylodAy ‘Qd0D ‘@)D ‘elweue ‘4y e co19IUD eleq
Ajanoadsal ‘dn-mojjoy papua1xa 1o Ajdes ayy Suunp Suilsal ou PaAIRdaL %E'ZT PUB %'SS o %E €S 1GYV/IIDV U24easay |ENMIA SIDIAIDS
T AjAndadsal %P G :aMD PIeJIPSIAl pue 3JedIpsIN
< ‘dn-moj||0} papualxa pue Ajjes Suunp Sunsel Alojesoqe| a1eudosdde paniLdal %6'67 PUB %EET o [S7a7A 1102 10} SI91U3D) 3y} WO}
x uonieniul YA J314e pue a10jaq Suiisal alelidoidde paaiadal %z L ‘||BIBAD e 4H YIIM [|RIDAQ Jaquidrdas—Ael\  swHIN Buneiniul 4H eyep swie jo Apnis poyod
kS spuswInseaw s Jo Aousnbaiy umops|ealq sies\  paipnis uonejndod Apnms
n uonejndod
.m pue u ||esdnQ
m SISYVY Uo Jo/pue 4H yum spuaned ul buoyiuow wnissejod jo Aousnbaly g sjqel
Q|
w




D.E. Grobbee et al.

Frequency of sk* measurements

population
breakdown
Diabetes: 31%
Stage 3+ CKD:
31%

Dialysis: 0.5%
RAASI use: 81%
RAASis and in no
other group: 28%

Overall n and
- SCREAM, Stockholm CREAtinine Measurements; sK*, serum potassium.

, potassium; MRAs, mineralocorticoid receptor antagonists; NSAIDs, non-steroidal anti-inflammatory drugs; PVD, peripheral vascular

Years
T

Population studied
RAASIs

32

ACEis, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BBs, beta-blockers; CAD, coronary artery disease; Cl, confidence interval; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; CPD, chronic pulmonary disease; CVD, cerebrovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular

disease; RAASIs, renin—angiotensin-aldosterone system inhibitors

Episode Statistics databasesCKD, dialysis, and/or
filtration rate; HF, heart failure; HT, hypertension; K

Table 3 (continued)
in the United Kingdom

Study

Another factor that could be considered along with the fre-
quency of sk* measurements may be seasonal variations in sK*
levels. One Japanese study of sK™ measured in an ED showed
that moderate/severe hyperkalaemia prevalence was higher
in winter than summer months in patients with both pre-
served (2.9% vs. 1.1%) and reduced renal function (14.4% vs.
9.7%).%° This agrees with other studies of haemodialysis pa-
tients in Japan and the United States, which showed higher
sK* in winter than summer months.®*® This seasonal
variation in sK* levels may be due to such factors as seasonal
trends in the consumption of vegetables and fruits, loss of K*
through sweat and urine in hot weather, and seasonal
variations in serum aldosterone levels.

Considerations for future observational
studies of hyperkalaemia

Occurrence of hyperkalaemia in HF varied widely in the
region of 7-39% depending on the setting, severity of
HF, length of follow-up, and concomitant medication
exposure.?>?931:34738 patas were notably higher in patients
with HF than general populations,?>?°~! and within HF popu-
lations, were lowest in patients with newly diagnosed
HF,2%2%38 and were highest in patients with greater disease
severity,>>2”*1 comorbidities such as CKD,>® visits to the ED
or hospital,?>*¥#2 and RAASi use.?®3¢374145 Bacause there is
evidence to show that the comorbidities of CKD and
diabetes?>26:3436:37.4145 44 the use of RAASis (ACEis, ARBs,
and MRAs)?36:374145 gre risk factors for hyperkalaemia in pa-
tients with HF, it will be important to understand how these
risk factors are modified in patients with HFrEF receiving the
recently recommended combination of ACEis/ARBs/ARN:is,
MRAs, BBs, and SGLT-2is*"*? in clinical practice. This knowl-
edge will help to ensure the optimal treatment of HF with
guideline-directed medical therapies while minimizing the risk
of hyperkalaemia.

Hyperkalaemia in patients with HF was most often
mild?>32:343538. however, it has been shown that even mild
hyperkalaemia is associated with an increased risk of mortality
and MACEs when hyperkalaemia persists.3#%® A notable differ-
ence between using observational study and clinical trial data
to assess the clinical consequences of hyperkalaemia or
hypokalaemia is that patients are not necessarily selected in
observational studies as they are in clinical trials, for example,
on the basis of sK™ and specific HF severity, with the exclusion
of other potentially confounding conditions, such as Stage 5
CKD. Therefore, the resultant population may consist of pa-
tients with differing disease severities and a mixture of addi-
tional prognostically relevant conditions, which may require
a variety of different treatment approaches, adding a layer of
complexity to the findings. Although propensity score
matching can be used to match for factors such as CKD stage
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or CCl, unmeasured confounding factors will inevitably re-
main. A combination of data from both clinical trials and
well-characterized observational studies with appropriate ad-
justments for confounding variables may eventually show
the true contribution of deviations in sK* to clinical outcomes.

There is limited evidence available on the persistence as
well as the progression of hyperkalaemia in clinical practice.
Limited existing studies indicate that there are proportions
of patients for whom hyperkalaemia persists** or
progresses.®® Because persistent hyperkalaemia has been as-
sociated with adverse clinical consequences that may be mit-
igated by earlier medical management, it would be valuable
to assess in more detail how frequently this occurs in clinical
practice as well as characterize these patients to further un-
derstand the subsequent clinical implications. A number of
studies have shown that recurrence of hyperkalaemia is com-
mon and prior hyperkalaemia (or higher baseline skK*) is a risk
factor for the future development of
hyperkalaemia.?>293134364384 This finding supports fre-
quent monitoring of sK* particularly in patients with a history
of hyperkalaemia, which is supported by HF guidelines.***?
However, low rates of sK* monitoring have been observed
in clinical practice,®***3*4385 with factors such as perceived
risk and risk profiles for hyperkalaemia and/or frequency/
data capture of sk* monitoring having an impact. Notably, re-
cent studies on sK* monitoring have been lacking. Insufficient
sK* monitoring in clinical practice will have an impact not
only on prevalence and incidence data but also on the
prompt detection and treatment of the condition. Therefore,
it is important to determine whether the insufficient sk*
monitoring observed in clinical practice reflects a lack of or-
dering of tests and/or a lack of documentation of laboratory
findings in observational datasets. A lack of perceived neces-
sity and/or record of sK* monitoring could be addressed with
increased awareness of the importance of sK* monitoring per
guidance after initiating or changing RAASI dose.

Notably, many of the observational studies on
hyperkalaemia have been retrospective and usually from a
single country. These studies may have incomplete data col-
lection related to the limitations of documentation such as
a lack of coding for hyperkalaemia, no claim records for
non-reimbursed (out-of-pocket) RAASis, and missing or in-
complete test result records. Thus, there is a need for inter-
national prospectively designed studies with complete and
systematic data collection.

The CARE-HK in HF study (NCT04864795) is a prospective
observational study that aims to understand RAASi treatment
patterns in clinical practice and adoption of guideline-directed
medical therapy recommendations.®® Longitudinal data on pa-
tients with HF and history of hyperkalaemia or at high risk of
hyperkalaemia will be gathered in this study to provide evi-
dence on the impact of new HF guideline implementation
and use of the newer therapies such as ARNis, SGLT-2is, and
finerenone on hyperkalaemia in clinical practice.

Both the European Society of Cardiology HF guidelines and
the American Heart Association/American College of Cardiol-
ogy/Heart Failure Society of America HF guidelines provide
recommendations on RAASi use depending on the degree of
hyperkalaemia, with dose reductions or treatment discontinu-
ation advised, as well as recommending to avoid or monitor
use of K'-retaining drugs (K™-sparing diuretics) when using
MRAs.**? |t is also a standard clinical recommendation that
patients with CKD and chronic hyperkalaemia should avoid
foods high in potassium, but the clinical effectiveness of this
advice is uncertain.”® Management of hyperkalaemia with K*
binders in patients with HF on RAASis was recently included
in the European HF guidelines, with K* binders potentially
allowing initiation or up-titration of RAASis in a larger propor-
tion of patients.** However, the American HF guidelines high-
light that the effectiveness of K* binders to improve outcomes
by facilitating RAASI is uncertain, and this is an area for future
research.’? Importantly, data on the use of K* binders and their
impact on RAASI treatment decisions in patients with HF will
also be collected in CARE-HK in HF to help understand the
value of K* binders to enable RAASI treatment.

Conclusions

Occurrence of hyperkalaemia in HF varied widely in the re-
gion of 7-39% depending on the setting, severity of HF,
length of follow-up, and concomitant medication exposure.
Rates of hyperkalaemia were highest in patients with com-
monly identified risk factors for hyperkalaemia in HF, such
as CKD and diabetes, and the use of RAASis. Cases of
hyperkalaemia were mostly mild, but there are patients for
whom hyperkalaemia persists, progresses, or recurs, which
was associated with an increased risk of mortality and
MACEs. Despite HF guidelines recommending close monitor-
ing of sK*, low rates of monitoring are observed in clinical
practice, which impacts not only the understanding of preva-
lence and incidence of hyperkalaemia but also the prompt
detection and treatment of the condition. Further interna-
tional prospective longitudinal observational studies are
therefore warranted to better understand the prevalence, in-
cidence, and severity of hyperkalaemia; characterize and
identify cases of hyperkalaemia that persist, progress, and re-
cur; highlight the importance of sk* monitoring in clinical
practice; and assess the impact of newer therapies, such as
ARNis, SGLT-2is, finerenone, and K" binders (Figure 1).
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